7z MONASH University

Improving Dysphagia Quality of Life Outcomes in

Patients Receiving Head and Neck Radiotherapy.

Nigel James Anderson

Bachelor Applied Science (Human Biology)

Bachelor of Medical Radiations Science (Radiation Therapy)

A thesis submitted for the degree of Doctor of
Philosophy at
Monash University in 2019

Faculty of Medicine, Nursing and Health Sciences



Copyright notice

© The author (2019). Except as provided in the Copyright Act 1968,
this thesis may not be reproduced in any form without the written

permission of the author.

| certify that | have made all reasonable efforts to secure copyright
permissions for third-party content included in this thesis and have
not knowingly added copyright content to my work without the

owner's permission.

Conflict of interest

I, or any of the authors, have no actual or potential conflicts of
interests arising from any studies undertaken that contribute to this

thesis.



Table of Contents

AADSTIACT. ...t e e e e e et e e e e e s 7
DIECIAIALION. ...ttt e et e e e e e e e e et e e e e e e 10
Thesis including published works declaration...............ccooooi 11
Publications during PhD €nrolmMent ...........oovviiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeee et 14
Yo [0 1T/ [=To [o [T 1T L€ 15
ADDIEVIBLIONS ...ttt bbbttt 17
LIST OF FIGUIES ...ttt ettt b e bt et e et se e b e snesbeneen 20
LISt Of TADIES.....eeeeeeeeeeee ettt sttt be bbb e 21
(O g1 o] (=1 g Il [ 0110 o (1 o3 1 T o TSRO 22
1.1 Incidence and mortality of head and Neck CanCer ..........cccoveceeeeecicceececeec e 22
1.2 Development of head and NECK CANCEN...........coieieieieceececeeece e 23
1.3 Presentation of head and NECK CANCET..........cceciririririnieeieeeeese e 23
1.4 Staging of head and NECK CANCET ..o 24
1.5 Treatment of head and NECK CANCET ...........coiviiriirieireeeece e 25
1.6 PUrpOSE Of thiS tNESIS......cciiiiceeieee et 26
Chapter 2: LILErature REVIEW........cc.oiiviiriiieieieeeieeiestest ettt sttt sbe s ne e 28
2.1 INETOTUCTION ...ttt sttt ettt b e bbbt et et et ene e s sbesbenbeneens 28
2.2 Swallowing Anatomy Delineation, Mechanism and Dysphagia...........cccccceevvveinenenennens 30
2.3 HOw is dySphagia MEASUIEA?........cciiuieeeieeteeece ettt ettt ettt s te st s reeae e aesreereens 32
2.4 How is dysphagia ManNAQEA?.........coeiueeieiieteeieeeeteste ettt te e ste s e ebesbe e eaesbeeaesreereens 34
2.5 Radiation dose to swallowing anatomy and predicting dysphagia..........cccccoecvvvveceriennnnns 37
2.6 Pre-treatment factors and dysphagia prediCtion ...........ccvoeeceveeieseseeceseeeee e 40
2.7 DiSCUSSION & CONCIUSION ...ttt ettt sn e neeneas 42
2.8 Literature Review Update: Recent progress of dysphagia management in head and
neck radiotherapy patients (2014-2018).......ccccceviieecieieeeee ettt 45
2.8.1 How is dysphagia MEASUIEA? ........ceecuieeeieieeeece ettt sttt e 45
2.8.2 How is dysphagia Managed? .........ccecieeeiiieeectese s te ettt ennes 47
2.8.3 Swallowing exercises/strength training of swallowing anatomy...........cccccceevevvenuenen. 49
2.8.4 Barriers to SWallOWING ©XEICISES.......cccvvieviereeierieeeerie st etesieeeestesreesesresssessesseessesseesees 50
2.8.5 Solutions to iIMProve COMPIANCE .........coeeiiiieeeeee et e 51
2.8.6 Organ at risk (OAR) deliN@AtiON .........ccoieiiirieieeeieeeee et 52
2.8.7 Predicting dysphagia via clinical factors and radiation dose to swallowing anatomy
...................................................................................................................................................... 53
Chapter 3: Dose Volume Response in Acute Dysphagia Toxicity: Validating QUANTEC
Recommendations into Clinical Practice for Head and Neck Radiotherapy. .......ccccccecvevvvnenen. 55

I I <1 7= 1o <R TP PRI 56



3.2 ADSIIACT ...t bbbttt re e 57
3.3 INETOAUCTION ...ttt b e b b e et beebesbenbeneens 58
3.4 Materials and MEthOUS .........cccouciriiiriiice e 59
3. 4.1 TreatmMent PlanmiNg.......ccciiieiiiieiesie sttt ettt re et e s beeas e aesraensesreennas 59
3.4.2 AcUte TOXICItY ASSESSIMENT......ceeiieieiieiietirtirest ettt st b e n e 60
3.4.3 StatistiCal METNOUS .......ccoiiiieee e 61
BB RESUILS ...ttt 61
3.6 DUSCUSSION. ....cutiiiiiieiirtctet ettt ettt ettt bbbt b et b e bt b et b s b st st b st nteneas 63
3.7 CONCIUSION ...ttt b ettt b et e ettt sn st eneas 66

Table 1. Demographic and tumor characteristics of head and neck IMRT patients (Total

N TSRO 67
Table 2. Incidence of CTCAEv3 grade 3 acute dysphagia (treatment weeks 1-6 /7*) in
ALL patients compared to Definitive and PORT .........cccviriiiinninineeeieeeeeeeese e 68
Table 3. Incidence of CTCAEv3 grade 3 acute dysphagia (treatment weeks 1-6 /7*) in
ALL patients compared to CRT and RT ONIY .....covivirininicieieienesecseeeeeeeee e 70
Table 4. Distribution of Clinical RiSK FACLOIS ..........ccoerieiiiiininirerereeeeeeeese e 72
Chapter 4: Pre-treatment Risk Stratification of Feeding Tube Use in Patients Treated with
IMRT for Head and NECK CANCET .......c.coviriiiriiirciree ettt 73
B 1 PIEACE ...t bbbttt 74
4.2 ADSITACT ...ttt n s 75
4.3 INITOTUCTION......eitiitititetet ettt sttt a bt s bbb e s et et e st ebeebenbeneens 76
4.4 Methods and MAtErIalS ...........ccvueiiiiiiiiiie s 76
A4 L PAUENES ...ttt ettt sttt ettt b et b et bbbt b ettt neas 76
4.4.2 Pre-treatment @VAIUALION ...........ccv ittt 77
4.4.3 RT planning and treatMeNnt ..........ccoooiiiecececeeeee ettt ettt reea et r e beeaeas 77
4.4.4 Nutritional Assessment and FOHOW-UP ........ccccvririininiereseeese et 78
4.4.5 StAtiStCAI ANGIYSES .....oceeeiieeieieieeese sttt ettt st et e s tesreebesreessesesseensesneeneas 79
A5 RESUILS ...ttt ettt enes 80
4.5.1 UNIVariate aNalYSES......cccoiiieiriiiieieitesteeeste ettt ettt este st aesteebe e besbeeaaebesrsentesreennas 80
4.5.2 MUltivariable @nalYSES .........coccuiiieieriiiieesieetetre ettt re et reeeesneennas 81
4.6 DISCUSSION ...ttt a ettt eb e bes 82
4.7 CONCIUSION ...ttt ettt 87

Table 5. Univariate analyses of prognostic factors for feeding tube use (Yes/No) and
dUration N 139 PALIENLS. ......coouiiieeeeeee ettt ettt b et s teent e beeaeensesneeneas 88

Table 6. Final multivariable models for feeding tube use (Yes/No) and duration (n =

Table 7. Prognostic groups based on T stage and Level 2 lymphadenopathy: data
from 116 patients with cancers of pharynx, oral cavity or supraglottis. .........ccccceeeerrnnne. 92



Figure 1. Duration of feeding tube use for at least 25% of nutritional requirements for
all 139 patients.  Kaplan-Meier @nalySIiS. ..........ccoeverereiieieieineseseseeseeeeeee e 93

Figure 2. Duration of feeding tube use for at least 25% of nutritional requirements by
primary cancer site. Kaplan-Meier analysis, 139 patients. .........cccocvererenereeieienenenenens 94

Figure 3 . Duration of feeding tube use for at least 25% of nutritional requirements by
prognostic group according to T-stage and level 2 lymphadenopathy. Kaplan-Meier

analysis, 116 patients with pharynx, oral cavity or supraglottis cancers. .........c..cccceruen... 95
Chapter 5: Clinical and dosimetric risk stratification for patients at high-risk of feeding tube
use during definitive IMRT for head and NECK CaNCEr ..........ccccevieiiininineneeeeee e 96

5.1 PIEIACE ...ttt ettt ea e r e re e 97
5.2 ADSIIACT ...ttt sttt 98
5.3 INTOTUCTION ...ttt se ettt sn et 99
5.4 Methods and MALETIAIS .........cceeiririirieieieeees ettt s be e 99

5.4, L PAUENTS ...ttt ettt sttt et b e bbbt b et ae e bbb e nen 99

5.4.2 RT planning and treatMeENT ...........c.coeeveiiieeciececeeie ettt re e saeens 100

5.4.3 Nutritional Assessment and FOHOW-UP.......c.ccoovieciiieieiiceccsecese e 101

5.4.4 StatiStICAl ANGIYSES ....oceveieeteee ettt sttt s be et e s reereenbeeanenes 101

5.5 RESUILS ...ttt b b bbbttt a b e 102
5.5.1 UNIVAriate ANAIYSES......c.coiriiriiriirieieieieiteie sttt ettt sb sttt sbe b b neens 103
5.5.2 MUIIVariable @NalYSES .......cooouiiieiiiceee ettt et 103

5.6 DISCUSSION. ...ttt ettt sttt b et b ettt ettt b et bt b et bt e bt ese e esenaenea 105

5.7 CONCIUSION ...ttt bbbttt 109

Table 8.  Univariate analyses of additional prognostic factors for feeding tube use
(Yes/No) and duration, following radiotherapy planning. .........cccceecvveecerieneeseniesceeneseenes 110

Table 9. Final multivariable models for feeding tube use” (Yes/No) and duration (n =
94) after planning CT (i.e. including GTV, PTV and dosimetric variables)...................... 114

Table 10. Prognostic groups based on T stage and Level 2 lymphadenopathy: data
from 94 patients with cancers of pharynx, oral cavity or supraglottis..........ccccceeevevuvruennen. 116

Figure 4. Duration of feeding tube use for at least 25% of nutritional requirements by
D50%of cervical oesophagus. Kaplan-Meier analysis, 94 patients...........ccccceveeeeververnenne. 117

Figure 5. Proposed treatment approach for patients for patients receiving definitive,
bilateral (chemo) radiotherapy for cancers of the head and neck. ...........cccccecvrininenene. 118

Chapter 6: Increased, On-treatment Weight Loss Despite a Decreased Risk of Prolonged
Feeding Tube Use: The Changing Landscape of Head and Neck Cancer Radiotherapy

PALIENTS ... b ettt h bbbt ettt be st b e 119
LT I (=7 = Vo PRSP 120
LI 413 1 = T S PSP 121
6.3 INTTOTUCTION ...ttt ettt et sttt et et se e sbe e b e 122

6.4 MethOdS AN MALEIIAIS .....ooiviveiiieeeeeeeeee ettt ettt e s st e e s s sbe e e s sssbaeessssbaeesssraees 123



Nt = 11T £ S 123
6.4.2 RT planning and treatmMent ..........ccccueieieirinenereseeeeeeee e 124
6.4.3 Nutritional Assessment and FOHOW-UP .......c.ccoooveciiieieniceeeseeese e 124
6.4.4 OULCOME MEBASUIES.......ooitiiieieeieetete ettt sttt b ettt bt et este bt et e s beeatenbesaeenee 125
6.4.5 SEAtISUCAl ANGIYSES ....ocveiiiriiiiieeeee ettt sbe e neen 125
B.5 RESUILS ..ottt ettt sttt et e e s ae e e te et e te e st e tesne et e eteeneenseeneenes 126
5.6 DISCUSSION. ...c.vitiriiieieieiteitete sttt sttt ettt sttt s be st et et et et e st e bt ebesbe st e be s et e st eneeseenesaesbenbenes 127
6.7 CONCIUSION ..ttt ettt sttt ettt b e b s b st s b et et et e st e seesesbesbenbenes 131
Table 11. Description of prognostic factors in patients with high, high-intermediate and
low-intermediate risk for prolonged feeding tube use (N=101).....c.ccccccevervevereneenreennne. 133
Table 12. Comparison of weight loss across High Risk (HR), High-Intermediate Risk
(HIR) and Low-Intermediate Risk (LIR) patients ..........ccoeveeevirieieseeececeee e 137
Table 13. Days (mean) from the commencement of radiation therapy until the
commencement of feeding tube (FT) USET ... 138
ChAPLEr 7: DISCUSSION ...cuiiiiiieiiriistestest ettt ettt sttt sttt ettt ebe bt sbe s b et e b et et eseeseesesbeebeseennen 139
4% R 111 (0T [T 1o TSP 139
7.2 Multidisciplinary Management of the Head and Neck Cancer Patient.......................... 146
7.3 Dosimetric/Clinical Considerations in Head and Neck Radiotherapy: Where to from
01T =SSR 151
7.4 The head and neck cancer patient: Now and the future...........cccoeevveveiiecececeececeene 154
Table 14. Frequency of HPV attributable oropharyngeal carcinoma, by country/region®*
.................................................................................................................................................... 155
7.5 Treatment de-intensification and radiation dose de-escalation..............cccceceveruenee. 159
7.6  HPV vaccination and SCreening Programs ..........cceceveeeeresesseeseseesseseesseseseesseseenes 162
Chapter 8: Conclusion and future dir€CHONS..........ccvceeceeieieceeeee et 165
Chapter 9: REFEIEINCES .....ccueceeiececee ettt et ettt e st e e be e besbe e b e besaaensesbeennas 168
(O =T o] = g 0 Y o] o 1] T Lo = TR 198
10.1 Appendix A: Dissemination of FINAINGS ........ccceovvieienirieeceeeerce e 198
10.1.1 PUDIISNEd ADSIFACTS .......coueiiiriirierieieieeee sttt sttt 198
10.1.2 Oral PreSENLAtIONS ....c..cceiiiririesiesieresieee et sttt st sa e esessesaees 199
10.1.3 POSter PreSENtatiONS ......cc.occieiieiiieierieeieieetceie ettt et see st e e e e ee e eneesesaeenes 201
10.1.4 INVItEd PreSENtatiONS .........cccoiririerierieieieiesiesie sttt sttt sb e sbe e e 202
LO.1.5 AWANTS ..ottt sttt he bbbttt eb et nae e 203

10.2 Appendix B: Publications (as published) ..........ccoooeriieieee e, 204



Abstract

This thesis is comprised of a number of studies looking to better understand the debilitating
effects of radiation induced dysphagia in head and neck cancer (HNC) patients.
Radiotherapy plays a critical role in the management of HNC, used as a primary modality, or
often in combination with surgical and chemotherapeutic options. Dysphagia, best described
as a difficulty in swallowing, is often a consequence of high dose radiation therapy. It is often
further exacerbated when combined with toxic chemotherapeutic regimes.

Both acute and late dysphagia can compromise the clinical outcomes of HNC patients, with
respect to control of their disease and ongoing, life-limiting toxicities. The opportunity to
better understand dysphagia, its debilitative effects, and how to ultimately manage its onset

is critical to achieving the optimal outcome for each HNC patient.

Early prediction of the onset of radiation-induced toxicities, in particular dysphagia, gives the
patient and their clinical team the best chance of personalised, supportive care interventions.
The first of the studies in this thesis (Chapter 3) investigated the validity of universally used
late dysphagia dose/volume/outcome predictive metrics in the acute setting. At the time, little
to no work had been undertaken in this space. Management of acute toxicities is not only
paramount in ensuring the patient is capable of completing their intended course of
treatment, but critical in facilitating the delivery of precision radiotherapy. The findings of
Chapter 3 demonstrate a significant correlation between the late and acute dysphagia
metrics. There was a significant reduction in the incidence of acute grade 3 toxicity across a
number of QUANTEC reported guidelines for late toxicity. Larynx V50Gy < or > 27% group
at week 5 (14.3% vs 45.2%, p=0.01) and 6 (25.9%, vs 65.9%, p<0.01) and Dmean <44Gy or
> 44Gy at week 5 (14.7% vs 50.0, p=0.02) and 6 (32.4% vs 67.6%, p=0.01) presented a
significant reduction in acute dysphagia, as did Dmean<40Gy or >40Gy (week 5: 5.6% vs
42.3%, p<0.01; week 6:23.5% vs 59.3%, p=0.01). A significant toxicity reduction at treatment

week 6 (28.0% vs 63.0%, p=0<01) was seen from Dmax <66Gy to Dmax >66Gy.



Chapters 4 and 5 undertook a comprehensive review of a HNC patient radiotherapy cohort.
Both studies looked to derive key variables that could be used to predict for a widely used
surrogate of radiation induced dysphagia- enteral feeding. Chapter 4 uncovered both T-
classification and level 2 lymphadenopathy as significant predictors of prolonged feeding
tube dependence. Level 2 lymphadenopathy as a clinical predictor was a novel finding and
has not previously been reported. These two clinical variables were subsequently used to
develop a feeding tube risk stratification model, to assist in the identification of both high-risk
patients at greatest need of dietetics and speech pathology intervention, and low-risk
patients who don’t require a feeding tube who may otherwise have one inserted. Patients
presenting with neither of these variables had a mean feeding tube use of seven (0-59)
days. Those with T-classification < 2 and level 2 lymphadenopathy, T-classification = 3 and
No level 2-lymphadenopathy, and T-classification = 3 and level 2-lymphadenopathy fed for a

mean of 75 (56-90), 108 (68-173) and 170 (113-295) days, respectively.

Chapter 5 further extrapolated this analysis to include critical swallowing anatomy, and in
particular, inadvertent dose that would further exacerbate risk of prolonged feeding tube use.
Dose to cervical oesophagus (D50 > 36Gy), base of tongue (D50 > 61Gy) and superior
pharyngeal constrictor muscle (D50 > 61Gy) were all deemed significantly important to

varying levels.

Multivariate analysis showed T-classification = 3 and level Il ymphadenopathy as
independent significant predictors of incidence and duration of feeding tube use in oral
cavity, pharyngeal and supraglottic primaries. The mean dose deposited in the cervical
oesophagus over 36Gy further increased the incidence and duration of feeding tube use.
The mean dose deposited in the base of tongue and superior pharyngeal constrictor

muscles affected incidence and duration of feeding tube use, respectively.



This created another layer of certainty to the already derived clinical variables, which
remained significant predictors of feeding tube use, despite the presence of dosimetric

variables.

Chapter 6 delved further into the objective measures of patient dysphagia, quantifying weight
loss in each of the feeding tube risk stratified groups derived in Chapter4. Interestingly, at a
low-intermediate risk (LIRi) of prolonged feeding tube use were those who lost significantly
more weight than high-risk (HRi) and high-intermediate-risk (HIRi) counterparts (HRi=4.8% v
LIRi=8.2%, p=0.002; HIRi=5.2% v LIRi=8.2%, p=0.006) Further investigations revealed that
this group compromised a significantly higher incidence of patients with oropharyngeal
carcinoma (OPC) (HRi: 71%, HIRi: 52%, LIRi: 81%, p=0.008) demonstrating a positive HPV
status (88%, p=0.001), in combination with clinical features increasingly recognisable in this
cohort i.e. younger, no history of smoking or alcohol abuse, and no pre-existing
comorbidities. The findings from Chapter 6 add another layer of information to support the

risk stratification tool of Chapter 4.

The works described in each of the chapters culminates into a body of work that is
particularly relevant in the management of modern HNC. The incidence of HPV-associated
HNC is rapidly growing, with the findings of this thesis providing some valuable insight into
the optimal management of this distinctly different population. This thesis poses as many
guestions as it provides answers, yet provides a critical body of evidence to support a patient
population that will demand a significant proportion of our multidisciplinary resources in the

coming decades.
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Chapter 1: Introduction

1.1 Incidence and mortality of head and neck cancer

Squamous cell carcinoma (SCC) of the head and neck presents as the sixth most common
malignancy amongst all cancers diagnosed globally.! 2 Head and neck malignancies
primarily originate in the upper aero-digestive tract, and more specifically, in the mucosa of
the oral cavity, oropharynx, larynx, hypopharynx and nasopharynx. Additionally, head and
neck malignancies may further originate in the paranasal sinus, salivary glands, and on

occasion, present in the neck as SCC that are of an unknown primary origin.

While one third of patients present with limited, early stage disease, the large majority of
patients will present with locally advanced disease at their initial cancer diagnosis including
metastases into adjacent lymph nodes.? This has led to largely stagnant survival outcomes
over a significant period of time, with only 40-50% of those diagnosed living beyond five
years.* These relatively poor survival outcomes can be attributed to loco-regional

recurrences, distant metastases and second sites of primary disease.

In recent years, human papilloma virus (HPV) infection has emerged as a significant risk
factor for head and neck SCC, with incidence of HPV-associated cancers of the oropharynx
growing considerably at the expense of more traditional risk factors, such as alcohol and
tobacco abuse.* Early data suggests that HPV-associated head and neck cancers are
associated with improved survival outcomes.® With incidence of HPV-associated
malignancies forecast to significantly increase in the immediate and short term, head and
neck cancer mortality will improve, underlining the importance of improved survivorship

pathways for these patients beyond cure.
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1.2 Development of head and neck cancer

With more than 95% of SCC origin, head and neck malignancies appear, on the surface, to
present as a relatively homogenous disease type.* Despite this, head and neck cancers are
in fact one of extreme heterogeneity. The two genetic subclasses of HPV-negative and HPV-
positive disease can be further stratified at the histological level. Such heterogeneity has
hindered personalised diagnosis and prognostications, potentially leading to suboptimal
treatment pathways and ultimately, the relatively poor outcomes we see in head and neck

cancer patients.

However, despite this sub-classified heterogeneity, the discovery of HPV associated SCC
has been a critical game changer in the understanding of the aetiology of head and neck
cancer, and subsequent therapeutic strategies. Cases of oropharyngeal carcinoma that were
traditionally attributed to increasing age and excessive use of alcohol and/or tobacco are
now further stratified into a HPV-positive disease cohort associated with a younger patient
demographic and with a history of changing sexual habits, with little to no history of
substance abuse. The improved prognosis of this cohort has led to significant changes in the
way these patients are managed. This increase in HPV-associated cancers is rapidly
increasing with the availability of specialised DNA testing, which in turn, is further
exacerbated by the decrease in HPV-negative tumour types due to the reduction in tobacco

use in the Western world.

1.3 Presentation of head and neck cancer

Disease origin will play a significant role in the presenting symptoms of a head and neck
cancer patient. Patients presenting with laryngeal cancers will most frequently present with
hoarseness, caused by the obstruction of vocal structures by the infiltrating malignancy.
Where a cancer of the pharyngeal axis is present, patients will often present with persistent

dysphagia.® Unilateral ear pain and painless neck nodes are also characteristic of a newly
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presenting head and neck cancer patient. Well established practice guidelines detail
common presenting symptoms that are, generally, persistent for in excess of three weeks, to
maximise the opportunity for preliminary diagnosis leading to further diagnostic interventions
for a head and neck cancer.®

Additionally, as we look to further stratify the presentation of specific disease sub-types,
patients with HPV-associated oropharyngeal carcinoma more commonly report with neck
lymphadenopathy as a presenting symptom, compared to the primary disease related

symptoms of HPV-negative patients, including sore throat, dysphagia, and/or odynophagia.’

1.4 Staging of head and neck cancer

Patients presenting with suspicious lesions of the oral mucosa and any of the afore
mentioned symptoms are recommended to undergo a number of clinical investigations to
confirm and subsequently stage their cancer.® Physical examination of the entire neck and
oral cavity, looking for suspicious nodes and lesions, respectively, should take place in the
first instance.

Computed tomography (CT) provides preliminary diagnostic information regarding the size
and location of the primary tumour, combined with the extent of nodal (if any) disease.
Magnetic resonance imaging (MRI) is further indicated in circumstances of dental artefact
interference, or when soft tissue extension is not definitive in CT (i.e. primary tumour
extension in nasopharyngeal carcinoma).

The extent of locally advanced and distant nodal metastasis can be better understood via
the use of positron emission tomography-computed tomography (PET-CT), together with
ultrasound guided fine needle biopsy into regions of suspicious nodal activity. Fine needle
biopsy provides cytological confirmation of nodal disease, and can also provide an
appropriate sample for immunohistochemistry, to identify p16 expression and subsequent
tumour HPV status- an indication of HPV DNA transcription.® Understanding HPV status
plays a crucial role in disease staging and the development of subsequent management

strategies.
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Tumour (T), Nodal (N) and Metastases (M), traditionally referred to as the TNM staging
system, has long been the recommended clinically staging tool for SCC of the head and
neck. The American Joint Committee on Cancer (AJCC) Staging Manual (Eighth Edition)
details each level.?® Recent modifications, to reflect current practice in head and neck cancer
diagnosis, further incorporate oral cavity depth invasion, HPV status determined by immune-

histochemical staining, and extra-nodal extension as critical staging parameters.!

1.5 Treatment of head and neck cancer

Surgery and radiotherapy remain the modalities of choice in the primary care of early stage
and locally advanced SCC of the head and neck cancer. Additionally, chemotherapy and
targeted therapies, such as anti-EGFR monoclonal antibody Cetuximab, have contributed to
improved survival outcomes in those with locally advanced disease when compared to
surgery or radiotherapy in isolation.*? 13 Surgery, with or without post-operative radiotherapy,
remain the pillars of advanced disease management. Radiotherapy can also be delivered in
conjunction with induction, concurrent and adjuvant chemotherapy regimens.

The technological capability to deliver an increased precision in head and neck radiotherapy
has improved considerably in recent years, with the ability to integrate highly targeted dose
sculpting into treatment planning.* We have witnessed a rapid progression from three-
dimensional conformal radiation therapy to intensity modulated technigues across the
duration of this thesis. Modulated arc treatments are now the standard of care in a large
majority of clinical centres providing head and neck radiotherapy.

Modern head and neck cancer management pathways now equally consider both tumour
control probability and treatment related toxicities, and their impact on quality of life beyond
treatment. Greater understanding of radio-therapeutic interventions will considerably

contribute to this knowledge base as head and neck cancer survivorship increases.
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1.6 Purpose of this thesis

The purpose of this thesis is to investigate current radiotherapy practice in the management
of head and neck cancers, to better understand treatment related dysphagia and the
subsequent impact of our care on the patient’s nutritional habits. Chapter 3 addresses
recommendations for predicting late dysphagia that are indicative of modern practice
(Quantitative Analyses of Normal Tissue Effects in the Clinic or QUANTEC), in an attempt to
validate whether these dose/volume/outcome recommendations can act as a viable end-
point in the prediction of acute dysphagia toxicity. It is such toxicity that will often
compromise the quality of radiotherapy that can be delivered, and ultimately, the patient
outcome.

Recognising the role of current guidelines in driving clinical practice, the thesis aims to
revolutionise the approach to individualised patient care via the development of a feeding
tube predictive model to be applied to future head and neck cancer radiotherapy patients.
Feeding tubes are critical to optimal patient weight management throughout and beyond
their care, to ensure precision radiotherapy is attained, and equally important, patient welfare
is maintained throughout and following their care. Chapters 4 and 5 present the development
and presentation of a novel feeding tube stratification tool, used to assist in identification of
patients at high risk of prolonged feeding tube use. These tools will complement good clinical
judgement, to ensure optimal supportive care pathways are instigated based on evidence-

based practice.

Finally, Chapter 6 draws on the novel findings of earlier chapters, with the aim of providing
currency of this work to the modern-day head and neck cancer patient. The explosion of
HPV-associated head and neck cancers has occurred concurrently with the development of
this thesis. An opportunity to give relevance to the already developed risk stratification tool

provides an exciting opportunity to highlight the importance of this body of work in driving



practice change in the management of head and neck radiotherapy patients, now and into

the foreseeable future.
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Chapter 2: Literature Review

This chapter represents a comprehensive review of the management of radiation induced

dysphagia based on the available literature until late 2013.

An update to the review based on literature published between 2014 and December 2018

has been included in section 2.8.

2.1 Introduction

Radiotherapy forms an integral part of the multidisciplinary approach to the treatment of
head and neck cancer, and is a proven modality in improving local regional control and
survival outcomes.*® ¢ Significant advances in radiotherapy treatment delivery technology
have enabled unprecedented treatment intensification to this particular patient group.t’ This
has enabled greater survival outcomes, yet often at the expense of increased acute and late
treatment induced toxicities.'® Outcomes pertinent to mucositis, odynophagia and dysphagia
were also reported, highlighting the growing trend toward late toxicity awareness associated

with improved survival outcome data.®-

The addition of concurrent chemotherapy as the standard of care for head and neck cancer
patients has seen an increase of radiation-induced dysphagia in both the acute and late
setting. Early data reported significant increases in the incidence of dysphagia with the
addition of chemotherapy, reporting an increase in dysphagia from 9% to 23% in chemo-
radiation patients with laryngeal cancer when compared to radiation alone post induction
chemotherapy. Persistent dysphagia among almost 50% patients was reported in a study of
55 patients in the United States which resulted in poor nutritional status, percutaneous
endoscopic gastrostomy (PEG) tube dependence and aspiration pneumonia.?* 2% In one
study, 51% of patients had dysphagia that persisted for two years after chemo-radiation.?*
More recent literature further supports a high incidence of long-term dysphagia in patients
receiving chemo-radiation.?® 2® The Alabama group reported an incidence of 38.5% in those

treated with chemo-radiation.?®
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Findings from the early 1990’s reported that dysphagia and subsequent weight loss during
treatment can have a detrimental effect on survival.?” While the reporting of dysphagia and
radiation induced swallowing complications is common, few clinical studies (until the early
part of the last decade) have focused on swallowing dysfunction and its subsequent causes,
and have focused mainly on survival data.?® A subsequent review paper revealed that only
12% of head and neck squamous cell carcinoma studies reported on dysphagia outcomes,
and 3% reported outcomes pertaining to the efficacy of enteral nutrition in the management

of head and neck radiotherapy patients.?

The complex nature of the swallowing mechanism (which will be discussed in more detail
later), with its intricate relationship between multiple voluntary and involuntary muscles and
nerve pathways has been described in numerous publications.?*! The adverse effect to the
swallowing mechanism, through the use of high dose radiation +/- chemotherapy, has long

been recognised as the dose limiting toxicity for this therapeutic regime.32 33

Advances in technology across the past decade for head and neck treatment delivery have
facilitated significant change to standard radiotherapy practice. Intensity modulated radiation
therapy (IMRT) reduces treatment related toxicities through the creation of steep dose
gradients at the target and organ at risk (OAR) interface. Studies comparing past and
present treatment planning techniques have reported the dosimetric benefits of IMRT
planning.®* 3 Multiple head and neck IMRT studies have addressed the role of IMRT in

improving outcomes, inclusive of dysphagia.?® 313638

These developments in technology have reinvigorated the landscape for head and neck
radiotherapy. While dysphagia may still remain an extremely critical dose-limiting toxicity, the
profession’s ability to understand and manage its causes and subsequent effect, is rapidly
improving. This review will summarise the anatomy pertinent to the swallowing mechanism,
how dysphagia is identified and measured in patients with head and neck cancer, and how a

comprehensive understanding may facilitate dysphagia reduction, or, if not achievable,
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optimal management strategies to ensure best possible outcomes for head and neck

radiotherapy patients.

2.2 Swallowing Anatomy Delineation, Mechanism and Dysphagia

Understanding the complex anatomy of the swallowing mechanism, and the role of pertinent
structures in its efficient coordination, is integral in identifying physiological and anatomical
relationships in acute and late dysphagia. Multiple studies have reported on the anatomy of
the swallowing mechanism, with one reporting that in excess of 30 pairs of muscles and six
cranial nerves are involved in the mechanism.3! This interpretation is supported by multiple

publications.?® %0

While identifying the structures responsible for efficient and effective swallowing is important,
the correlation of these structures to specific tasks within the mechanism is of utmost
importance if knowledge of dysphagia anatomy and physiology is to be determined and
understood while patients undergo treatment. Numerous publications provide evidence of
radiation induced morbidity of multiple structures responsible for swallowing, including the
base of tongue, posterior pharyngeal wall, larynx, vocal cord and upper oesophageal

sphincter.3% 3944

A 2013 study identified and discussed the anatomical and physiological changes of
structures believed to facilitate radiation induced dysphagia in their editorial.*®* They made
early reference to a supporting study that aimed to identify the pertinent muscles involved in
active hyolaryngeal elevation- a key functional process required in aspiration prevention.
This study, on the basis of functional MRI before and after hyolaryngeal elevation in healthy
volunteers, identified the suprahyoid and longitudinal pharyngeal muscles as those crucial to
the successful execution of this function.*® Earlier work further supported these findings. 3!
While highlighting the complexity of the swallowing process, the authors described those

structures most pivotal to swallowing via post radiotherapy video-fluoroscopy and computed
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tomography in patients experiencing late dysphagia toxicity. This study identified the
pharyngeal constrictor muscles (PCM- superior, middle and inferior) and the glottis and
supraglottic larynx as those structures that were crucial to radiation induced dysphagia.
Thickening of the PCM, glottis and supraglottic larynx was reported after chemo-radiation,
while not in any other muscles involved in swallowing.?! Later, MRI-based interpretation of
radiation induced damage of the PCM also supported these findings. Comparison of pre and
three-months post chemo-radiation demonstrated changes suggestive of oedema and
inflammation in the PCM.*° Muscles that had received lower dose of radiation failed to
demonstrate such thickening and did not demonstrate the characteristic increased T2 MRI

signal.®®

The findings of all the afore mentioned studies support the hypothesis that although many
muscles involved in the swallowing mechanism receive high doses, it is those that lie directly
beneath the mucosa and submucosa (PCM inclusive) that display major functional
impairment during and after chemo-radiation, an area primarily affected by the processes
responsible for acute mucositis and dysphagia during chemo-radiation.*® This hypothesis is
further supported via studies using FDG-PET identification of laryngeal inflammation and
acute pharyngeal constrictor perfusion changes measured via computed tomography during

and post chemo-radiation.4!: 42 46

More recently, the Groningen group explored a more specific identification of swallowing
abnormalities, identifying the middle PCM (MPCM) and superior PCM (SPCM)/supraglottic
larynx as pertinent to the swallowing of soft and solid foods respectively; supraglottic larynx
for liquids; and supraglottic larynx and oesophageal inlet when assessing subjects most
susceptible to choking on swallowing.*” Studies such as these provide an exciting platform
for further individualizing the management of acute and late dysphagia. A more
comprehensive understanding of dysphagia and its predictive measures are pivotal in
enabling prophylactic measures for greater individualized, supportive input into the care of

head and neck patients.
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2.3 How is dysphagia measured?

Dysphagia reported endpoints are imperative to consistent, robust evaluation of dysphagia in
the clinic. Objective evaluations incorporating instrumental assessment, subjective
evaluations requiring observer interpretation, and patient reported quality of life outcomes,

have formed the foundation of dysphagia endpoints over an extended period of time.

Video fluoroscopy (VF) has formed the basis of multiple investigations, and involves a
modified barium swallow and oesophagography to visualize the oral, pharyngeal, and

oesophageal phases of swallowing.*® 4°

Swallowing dysfunction pre and three months post radiotherapy, via the use of video-
fluoroscopy, has been previously evaluated. Anterior-posterior and lateral planes were
viewed while subjects were required to ingest foods of varying consistency. Irregularities in
timing and duration of the swallow, beyond those of normal controls, were defined.
Functional level of numerous structures, namely base of tongue (its contact with posterior
pharyngeal wall), laryngeal (elevation and anterior movement), epiglottis (degree of
movement from vertical to horizontal) and cricopharyngeus (premature closure) were

measured objectively by two speech pathologists.2®

Manometry and fibreoptic endoscopic evaluation of swallowing (FEES) are alternate
measures capable of objective swallowing evaluation. Manometry measures pressures
generated in the mouth and pharynx, yet it is more commonly utilized in the oesophagus and
“pressures generated by sequential contraction of the esophagus musculature” (p.1220).%°
While providing important information on swallowing physiology, it is quite limited in its
application.>® FEES has the capability of pharynx visualization via transnasal insertion of an
endoscopic tube to below the soft palate. The inability to visualize the oral stage of
swallowing is a limitation of this procedure.*® Another study undertook a FEES to understand
the dysphagic characteristics of thirty-one nasopharyngeal cancer patients. This technique

was used to report on multiple disorders within this patient cohort, in particular within the
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pharyngeal phase of swallowing. Pharyngeal retention, post swallow aspiration, atrophic
changes to the tongue, vocal cord palsy, velopharyngeal incompetence, delay or absence of
the swallow reflex and poor pharyngeal constriction were amongst those dysfunctions

measured.5!

Subjective evaluation of dysphagia as an endpoint is commonly used to compliment an
objective evaluation. The ‘Common Terminology Criteria for Adverse Events’ (CTCAE) was
utilized to measure acute toxicity and the RTOG/European Organization for Research and
Treatment of Cancer (EORTC) ‘Late Radiation Morbidity Scale’ to measure late effects from
three months after radiation therapy- in addition to the objective VF evaluation.? CTCAE
endpoints have also been utilized in multiple publications.** This EORTC late dysphagia
assessment tool has also been used more recently as a primary endpoint of grade 2-4
swallowing dysfunction at six months post chemo-radiation.*” Swallowing dysfunction at six
months post chemo-radiation was utilised due to its value in predicting swallowing

dysfunction at subsequent time points of 12, 18 and 24 months.>3

Patient reported quality of life (QoL) outcomes have been indicative of the true extent of
complication in the grading of xerostomia in head and neck radiotherapy.®* *® Although their
application in the derivation of dysphagia related endpoints is less definitive, QoL measures
still play an integral role in reporting of the dysphagia endpoint. Multiple studies have utilised
various dysphagia-related QoL questionnaires in their correlation with dose to swallowing
structures. %57 Both studies reported a relationship between dosimetric and clinical

variables and patient reported measures.

The EORTC H&N35 is a 35-question survey developed with input from participants from
more than ten countries. It derives a patient reported scaled answer on topics including pain,
swallowing, senses, speech, social eating, social contact and sexuality. In its entirety, a
score ranging from 1-100 is accumulated. A higher score is symptomatic of dysphagia, with

10-point changes over time deemed clinically important.58
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The Performance Status Scale for Head and Neck Cancer (PSS-HN) consists of three
clinician rated subscales. Normalcy of diet, understandability of speech and eating in public

are each scored on a scale of 1-100. A higher score is indicative of better performance.%°

The final patient related questionnaire utilized is the M.D. Anderson Dysphagia Inventory
(MDADI). A 20-question survey, the MDADI is used to assess how patients view their
swallowing function/dysfunction, and how this affects their QoL post chemo-radiation. Like
the PSS-HN, a scale of 1-100 is used, with 100 representative of optimal swallowing function

and QoL outcomes.®°

Objective evaluations not involving instrumental intervention (i.e. video-fluoroscopy) have
been the subject of review in more recent literature. Patient weight loss and reliance on
nutritional interventions provide dysphagia endpoints in multiple publications. One study took
a nutritional counselling and needs based intervention approach in their assessment of
weight loss and NGT endpoints in their study of 103 patients undergoing treatment for head
and neck malignancies. Patient weight loss was recorded pre and post radiation +/-
chemotherapy treatment, with weight loss in excess of 5% warranting investigation of
potential swallowing complication.®* Numerous other publications have reported on the
prolonged use of nutritional intervention (via percutaneous endogastric (PEG) or nasogastric
tube (NGT)) as a dysphagia endpoint.®2* Varying clinical and dosimetric endpoints were

correlated with prolonged feeding tube use.

2.4 How is dysphagia managed?

Oral nutritional intervention is a requirement for nearly all patients undergoing head and neck
radiotherapy, with a reported 50-70% presenting with severely impaired swallowing requiring
enteral feeding interventions.®® % Enteral feeding tubes are commonly used in the form of

either a NGT or PEG. The choice of feeding tube, and their appropriate timing, and
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subsequent effect on weight loss, quality of life and long term functional outcomes, still

varies in clinical practice.®’

PEG tube interventions are routinely utilised in a prophylactic approach to counteract
treatment-induced weight loss and dehydration, which have the potential to instigate
treatment breaks and adversely affect disease outcomes.?” %8 The alternative, the NGT,
adopts a reactive strategy, in which on-treatment nutritional supplements are utilised for
nutritional management during treatment, until a point at which oral supplementation is
inadequate to meet the nutritional demands of the patient. This is routinely determined by a
patient’s inability to meet pre-determined nutritional requirements (i.e. a percentage of one’s

nutritional requirements received orally) or a given percentage of weight loss.®’

A critical review, published in 2012, provides a description of the advantages of tube feeding
timing in the intervention timeline.®” They suggest that prophylactic tube insertion promotes
better weight preservation and fewer treatment induced hospitalisations, resulting in
improved quality of life throughout and post chemo-radiation. Reactive tube insertion is
suggestive of lower rates of long-term dysphagia, a shorter duration of PEG dependence,
while sparing intervention in those few who don’t require this invasive intervention. Reactive

tube intervention can take the form of either NGT of PEG.

The review also outlines the benefits of both the NGT and PEG tubes. NGT has the benefits
of ease of insertion, lower risk of complication and lower cost. This can be combined with the
previously described benefits associated with reactive nutritional interventions. PEG tubes
are more aesthetically appealing, and provide for less discomfort and fewer dislodgements.
They also harness the prophylactic benefits, as they are most commonly used in this

approach.

Two prospective randomized trials have addressed the prophylactic versus reactive
question.®® ° In a cohort of 39 patients, one compared prophylactic PEG (P-PEG) and

reactive PEG (R-PEG), reporting improved QoL outcomes at six months post radiotherapy in
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the P-PEG group (p=0.001).%° The larger of the two trials (N=134) compared P-PEG and
reactive NGT. They reported the P-PEG group as using enteral feeding for a significantly
longer period of time (177 days vs. 122 days. P<0.0001), yet a reduction in long term
dysphagia at one-year post treatment (2% vs. 9%, p=0.047). Improved QoL was reported
on a global health scale in the P-PEG group, based on multiple QoL variables (64 points vs.
52, p=0.02).7° Of particular note was that both studies reported equivalent requirements for
reactive intervention (73% v 72%), suggesting prophylactic intervention may have better

suited a large number of these reactively managed patients.

Multiple other studies have reported lower rates of treatment-induced hospitalization when a

prophylactic management plan has been adopted as opposed to a reactive approach.’t"

While the literature presents a strong argument for prophylactic feeding tube insertion, there
remains conflicting data that suggests long term feeding outcomes may be hindered by
prophylactic management strategies. An Australian group undertook a prospective study
comparing PEG and NGT managed patients. They reported that PEG patients had a longer
median duration of use (147 vs. 53 days, p<0.001). Furthermore, in disease free survivors,
grade 3 dysphagia at six months post chemo-radiation was greater in the PEG managed
cohort.” These findings have been subsequently supported by a study which investigated
the role of prophylactic PEG insertion for head and neck chemo-radiation patients. They
reported a significantly higher level of oesophageal stricture in patient with a P-PEG
compared to those managed reactively (30% vs. 6%, p<0.001).”® The before-mentioned
review article hypothesised that NGT acts as a stent for the upper oesophagus and
hypopharynx. However, this anatomy recovers via swallowing following removal of the NGT.
On the other hand, PEG dependent patients avoid swallowing for weeks, which can result in
endoscopic intervention to re-open fibrosed tissues post chemo-radiation.®’ Similar
outcomes have also been reported, suggesting that P-PEG promotes a longer period of non-
oral feeding, leading to the deconditioning of the muscles responsible for deglutition.”” Both

theories give weight to the findings of a later study, who reported that adherence to
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swallowing exercises in P-PEG managed patients resulted in a reduction in decreased long
term PEG dependence, suggestive of the importance of maintaining function of this
musculature during treatment regardless of whether it is being actively used for swallowing

or not.”®

2.5 Radiation dose to swallowing anatomy and predicting dysphagia

Dysphagia endpoints have long been correlated with delivered dose and it is well known that
the incidence of radiation induced toxicities is strongly linked to the delivered dose.” Acute
and late treatment induced toxicities are extremely reliant on the ability of treatment planners
to deliver optimal and clinically acceptable three-dimensional (3D) dose distributions. The
ability to optimally manage this patient group has a heavy reliance on both prophylactic
interventions and management strategies. Understanding expected dose consequences is

integral to the development of such strategies on an individual case basis.

The Emami paper from 1991 has formed the basis for modern day dose-volume-outcome
(DVO) data, and established the foundation for modern day dose guidance.® Inherent
dysphagia DVO recommendations were included in this paper. Since then, multiple studies
have reported on dose/volume/outcome correlation for numerous critical structures.3 46 81
The QUANTEC series of articles summarizes this updated data, to better refine dose volume
recommendations for the radiotherapy planner. With improved DVO data, improved access
and effective utilization of more sophisticated planning, delivery and imaging systems, we

will have improved capability for precision dose steering and dose deposition.®2

Radiation induced dysphagia is strongly correlated with laryngeal dose in patients receiving
definitive head and neck chemo-radiation. This was addressed by the QUANTEC report.*6: 48
8183 Inadvertent dose deposition to adjacent high dose target volumes often hastens the
onset of radiotherapy (RT) induced acute mucositis and laryngeal oedema, resulting in a

disruption to the swallowing mechanism and its associated structures. Yet, as previously
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highlighted, swallowing is a complex, multifaceted mechanism. The functional role of each
anatomical structure is inter-related. Therefore, isolating the dosimetric consequence upon

each anatomical structure in RT induced dysphagia can be somewhat challenging.

Dose parameters significantly associated with late laryngeal oedema and subsequent
dysphagia were previously reported.®! Their findings recommended a V50Gy of less than
27% and a dose mean of less than 43.5Gy to the larynx to minimize oedema incidence.
Furthermore, an additional study generated dose variables for minimizing late aspiration,
reporting that a dose mean to glottic/ supraglottic larynx should not exceed 50Gy.>? This
study also reported compromised swallowing outcomes when a mean dose of 60Gy and

V65Gy of 50% to PCM were exceeded.

Findings out of Michigan in 2004 provide the impetus for modern day dysphagia and
aspiration related structure (DARS) identification.®? This identification of pertinent radiation
sensitive swallowing anatomy provided direction for multiple DVO outcome publications such
as those comprising the QUANTEC report. While reporting on a relatively small cohort
(N=26), their identification of DARS tissue thickening via post radiotherapy video-fluoroscopy
was instrumental for future DVO driven studies. They identified the PCMs, larynx and
supraglottic larynx (SGL) as critical DARS with respective increases in thickness of 2.5mm to
7mm (PCMs) and 2mm to 4mm (larynx and SGL).The volume of these structures receiving
in excess of 50Gy was reported as critical to the likelihood of swallowing complications.*?
Later work of this group suggested that the superior and middle PCMs, of the PCM muscle
group, as those most critical for dose avoidance if integrity of the swallowing mechanism

was to be maintained.8*

Numerous institutions have incorporated the DARS identification concept to drive a wave of
supporting DVO publications. A variety of dysphagia endpoints were utilized to correlate
delivered dose to structures involved in the swallowing mechanism. One study performed
post therapy video-fluoroscopy on their cohort (N=96) to establish a relationship between

late dysphagia and volume of larynx and inferior PCM receiving in excess of 50Gy.?® Dose
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mean below 60Gy to both supraglottic and glottic larynx was reported to reduce the risk of
aspiration. Those with a dose mean of less than 60Gy were more likely to present with low
risk aspiration index, and those above 60Gy, a median risk index score. These scores were

generated on the basis of post radiotherapy QoL questionnaire and FEES.*

Correlation of PCM dose and multiple dysphagia endpoints have contributed to multiple dose
guidance recommendations. A steep dose effect relationship to the superior PCM and
middle PCM was reported in 2007. Each increase of 10Gy in mean dose resulted in a 19%
increase in probability of QoL reported dysphagia.®® The critical role of both the superior and
middle PCMs was shared in another study.® Endpoints of this study were based on three
endpoints, PEG tube dependence, video-fluoroscopy and pharyngeal/oesophageal stricture
(POS) requiring dilatation. They reported an increased risk of POS when superior PCM
V65Gy was greater than 75% and middle PCM was V65 greater than 75%. Increased
likelihood of long-term PEG dependence and aspiration were also correlated with inferior
PCM V60Gy greater than12% and larynx Dmean greater than 41Gy and V60Gy greater than
24%.85 An additional contribution to radiation induced dysphagia further supports the
influence of superior and middle PCMs in long term PEG dependence. Of particular interest
from this study, however, is the correlation of oral mucosa dose to acute PEG dependence.
This study reported an increased risk of acute dysphagia complication when V9.5-
10Gy/week was in excess of 50-60 cubic centimetres. Acute dysphagia DVO data is far less
frequent in the literature, so contributions at this level are very important to inform clinical

practice.®®

Correlation of inferior PCM dose and swallowing complication is less frequently reported in
the literature. Most recently, in a study of 55 patients, inferior PCM V60Gy and Dmean have
been identified as significant predictors of video-fluoroscopy identified dysphagia at ten

weeks post therapy.®’

A potential caveat of many of these studies is the relatively low accrual in each study.

However, two recent studies, with significantly higher patient accrual, give credence to
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earlier findings.*" 88 In a study of 259 patients, dosimetric indices from two dysphagia
endpoints, patient reported QoL questionnaires and barium swallow video-fluoroscopy were
derived. Barium swallow abnormalities were associated with increased dose to both superior
PCM (Dmean<60Gy) and middle PCM (Dmean<60Gy). Patient reported QoL dysphagia
increased to greater than 20% when Dmean to supraglottic larynx exceeded 55Gy.%8 A
further study developed a series of predictive models for various dysphagia endpoints. This
work (N=354) reported RTOG/EORTC reported dysphagia complication with dose escalation
to both the superior PCM (SPCM) and supraglottic larynx (SGL) for multiple endpoints. Both
structures were significant predictors in multivariate regression for late dysphagia (SPCM,
p<0.01; SGL, p<0.01) and swallowing of solid foods (SPCM, p<0.01; SGL, p<0.01).%’
Outcomes of both of these studies support the importance of DARS in dysphagia risk

reduction.

While there have been numerous studies reporting delivered dose to DARS as pertinent to
swallowing outcomes, one study has demonstrated no significant relationship between PCM
dose and patient and observer recorded endpoints. This work only comprised 37 patients,

and represents one of only few reports in the literature on DVO outcome data reporting.®°

2.6 Pre-treatment factors and dysphagia prediction

Delivered dose of radiation to swallowing anatomy continues to be reported as a significant
cause of dysphagia in head and neck cancers. The role of pre-treatment factors and
morbidities has received less attention in the literature, with many more publications
reporting studies aimed at evaluating a relationship between dose and dysphagia endpoints.
Age, tumour geometry and geography, concurrent chemotherapy, baseline (pre-treatment)

swallowing performance, smoking and alcohol status, performance status, radiotherapy
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technique and irradiated volume have been investigated as potential predisposing factors to

varying dysphagia endpoints.

Multiple studies have combined dosimetric predictors with pre-treatment factor correlation. A
2012 study reported that older patients, with tumours located in the naso and oropharynx,
treated with 3D conformal radiotherapy are most susceptible to poor dysphagia outcomes
compared to younger patients, treated with IMRT, with geographic tumour locations caudal
to those of the nasopharynx and oropharynx. Another study reported tumour geography as a
significant predictor for dysphagia, in addition to geometry (T-Stage) and pre-treatment

swallowing abnormality.*®

A comprehensive review of PEG and nasogastric tube as predictors of long-term dysphagia
was undertaken.®! Toxicity data was prospectively collected on 350 patients as part of a
phase Ill randomized trial (TROG 91:01) to develop a predictive enteral grading scoring
(PEG Score) system to predict the likelihood of nutritional intervention via PEG/NGT.
Planning target volume (PTV) length of the highest prescribed dose, in excess of 82mm, was
found to be the most significant contributing factor. RTOG based staging greater than 1,
altered radiotherapy dose fraction (i.e. higher dose per fraction than 2Gy standard
fractionation) and ECOG performance status greater than 1 were also deemed predictive of
an increased risk nutritional intervention. PTV length greater than 82mm was associated with
three activation points. Other predictors were given one point. Patients were deemed to be
at an increased risk of PEG/NGT feeding when the PEG score was greater than or equal to

SiX.

Gross tumour and PTV size have been consistently recognized as those factors associated
with long term dysphagia in studies reporting on pre-treatment factors alone. Williams et al
(2012), using a multivariate analysis, reported an increased significant risk of enteral feeding
with increased T-stage (p=0.007). Prophylactic PEG use was also a predictor of late
swallowing complication at 12 months post treatment (P-PEG = 18% vs. NGT = 5%,

p<0.01).°2 In another study, PTV size in excess of 235cc to the high dose PTV, and a total
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PTV in excess of 615cc were predictors of patient weight loss and NGT requirement.5?
Greater than five percent weight loss, prescribed dose greater than 60Gy and concurrent
chemotherapy were also significant predictors of these objective endpoints.! In one of the
larger accrued studies in recent literature reporting on dysphagia outcomes (N=474), it was
reported that 40% of non-surgical interventions for head and neck cancer can avoid PEG. Of
those remaining 60%, this study also reported T-stage (T3-4) as a predisposing factor for
long term PEG use. Concurrent chemotherapy (p=0.015), baseline swallowing dysfunction
(p=0.001) and weight loss (p=0.0012) were also reported as significant predisposing factors.
An adherence to swallowing exercise regimes was also reported as a significant contributor

to decreased PEG dependence in both the acute and late settings.*

2.7 Discussion & Conclusion

Dysphagia related head and neck radiotherapy outcomes have been investigated at length
over a long period of time. Multiple institutions and collaborative groups have published on
all aspects of radiation-induced dysphagia, including identification of pertinent anatomy
responsible for the swallowing mechanism, tools for dysphagia diagnosis, objective and
subjective measurement tools, management strategies, and dosimetric and pre-treatment

predictors of late dysphagia.

The radiation oncology profession sits at a critical point in time. Current practice in the
planning and delivery of head and radiotherapy demands unprecedented precision. Intensity
modulated radiotherapy (IMRT) has afforded unbridled conformality in treatment planning,
where disparity in dose between high dose tumour and adjacent swallowing anatomy has
been significantly improved. This precision is subsequently afforded to treatment delivery.
Our ability to deliver a highly fatal dose of radiation to a tumour, while avoiding dose to

adjacent swallowing anatomy, is greater than it has ever been. On the other hand, the
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opportunity to significantly underdose a tumour and overdose swallowing anatomy, has

never been higher.

Previous work from our group reported the significant dosimetric benefits afforded with
modern treatment planning systems.®* However, we rely on weight maintenance and
precision image guided radiotherapy (IGRT) to ensure planned dose is equivocal to

delivered dose, such that dose/volume/outcome data is accurate for future application.

The importance of acute toxicity management should not be underestimated, so as to
ensure optimal delivery of planned dosimetry and to prevent the decrement in the quality of

the IMRT plan. This has been the focus of current work from our group.

Better understanding the acute dose/response/outcome correlation in head and neck
radiotherapy could play a role in the development of safer treatment intensification protocols,
with ultimately the potential for improved tumour control loco-regionally. Predictive dosimetric
measures for expected treatment tolerance may provide a basis for inclusion/exclusion of
treatment intensification protocols, or enable the implementation of suitable prophylactic
measures to increase the likelihood of treatment tolerance. Further to radiotherapy dose
intensification, the ability to deliver less toxic loco regional treatment may allow
intensification of systemic treatments. The benefits of concurrent platinum based systemic
therapy and biologic agents are well established.** A greater understanding of the acute
response to radiotherapy, and the knowledge to implement individualized prophylactic
measures, may optimize delivery of such potentially toxic programs and reduce associated
toxicities. Various allied health professionals, including dietitians and speech pathologists,

provide opportunity for on-treatment assistance to enable improved treatment tolerance.

On-treatment interventions and their early implementation have proven beneficial in
enhancing treatment tolerance. Planned patient geometry and treatment tolerance is
dependent on multiple contributing factors. A more comprehensive understanding of the role

of dosimetric measures and their correlation to incidence of acute toxicity will allow for a
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greater focus on treatment planning dose steering. Yet, perhaps of greater importance is the
early instigation of supportive care intervention (i.e. dietetics, speech pathology) where dose
avoidance is not possible. Such measures may be able to better maintain or achieve optimal

treatment tolerance, weight management and treatment delivery.

However, two observations from the recent literature should guide the direction of future
work. Both papers discuss the disparity in swallowing anatomy delineation and dysphagia
endpoint interpretation respectively.5” % Their respective observations highlight the
importance of consistency in dose/volume/outcome data methodology and subsequent
reporting. Increased precision in radiation therapy demands improvement in all areas of
dysphagia management, from anatomy delineation through to outcome measure and
interpretation. Slight discrepancies present greater consequence than ever before. The
overwhelming theme of the recent literature has been focused on predicting dysphagia via
both dosimetric and predisposing factors. Predicting dysphagia enables the implementation
of individualised supportive care programs. Precision and consistency in all aspects of
delineation, identification and management will encourage improved correlation with future
predictive measures, ultimately leading to more effective dysphagia management strategies

for head and neck radiotherapy patients.
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2.8 Literature Review Update: Recent progress of dysphagia management in head

and neck radiotherapy patients (2014-2018)

This section summarises recent developments in the literature that occurred concurrently

with the published studies of this thesis and after the above review up until December 2018.

2.8.1 How is dysphagia measured?

Subjective tools used to evaluate and measure dysphagia and its consequence are still
routinely utilised in current clinical practice. Previously described instruments such as
CTCAE, RTOG and EORTC continue to complement FEES and barium swallow aided video
fluoroscopy as the gold standard for dysphagia identification. Despite the reliance on- in
particular, the physician measures such as CTCAE- there is evidence to suggest that these
measures alone may not fully articulate the impact and nature of severity of radiation
induced swallowing dysfunction when compared to instrumental evaluation alone e.g.
modified barium swallow.%® However, information derived from the standard reporting of the
modified barium swallow can be difficult to correlate with well-defined endpoints of the
CTCAE scale. The dynamic imaging grade of swallowing toxicity tool (DIGEST) is well
described in a 2017 paper. DIGEST is described as an instrument capable of clarifying this
discrepancy, through the standardisation of modified barium swallow reporting through the
introduction of a five-point ordinal scale to evaluate the safety and efficacy of pharyngeal
bolus clearance.®” Further work attempts to better understand the relationship between the
findings of both the CTACE and DIGEST methods of swallowing toxicity quantification.
They report that DIGEST can play an important role in complementing CTCAE toxicity
scoring in both the acute and late phases of dysphagia. It has the capability for improved
specificity for acute physiologic dysphagia and enhanced sensitivity of late phase dysphagia.
This additional understanding provides valuable, complementary information to traditional
CTCAE criteria such as patient reported symptoms, alterations to diet and feeding tube

dependence for nutritional requirements.
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While findings for clinician reported dysphagia outcomes and validated patient reported
guality of life measures are well established, there remains a paucity of data exploring the
relationship between each of these two critical dysphagia measures. The Eating Assessment
Tool-10 (EAT-10) is a tool routinely used in the detection of aspiration in non-oncologic
patient populations.%-1% Measuring self-perceived swallowing impairment, EAT-10 is a
validated tool with a symptom specific focus. EAT-10’s utility in the previously undefined
population of head and neck cancer patients, to ascertain its value as an additional tool in
the detection of radiation-induced swallowing complication, has been previously
undertaken.'! A significant correlation between EAT-10 and physician reported scoring
within 1-year post treatment was reported. However, no correlation was reported between
the two measures in patients presenting beyond 1-year post-radiotherapy. While reporting
encouraging early findings, the authors recognised the size of the studied population (N=44)
and heterogeneity in patient follow-up as limiting factors in their data and recommended
further validation in a controlled environment to further ascertain the congruence between

EAT-10 and subjective physician measures.

Sarcopenia is described as the depletion of muscle mass, and is a condition that often has
an adverse effect on cancer patient prognosis. Sarcopenia may play a role in the higher
rates of toxicity, including dysphagia- often attributed in the HNC population. A 2016 paper
addressed the lack of literature to support this theory in the HNC population.°? Diagnostic
abdominal CT-scans are routinely used in the diagnosis of sarcopenia. Previous work has
demonstrated a correlation between depleted skeletal muscle mass at the level of the L3
vertebrae and total-body skeletal muscle mass, serving as a reliable prognostic marker in
the diagnosis of sarcopenia.l®® 1% However, appropriate diagnostic imaging of this region is
not routinely undertaken in head and neck cancer patients, limiting the identification of
sarcopenia in these patients. The authors of this study assessed skeletal muscle mass on
head and neck CT scans (a standard diagnostic evaluation in HNC), and reported that

skeletal muscle mass at the level of the C3 vertebrae strongly predicted that at the level of
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the L3 vertebrae (r=0.785, p<0.001), suggestive of C3 as a reliable surrogate for sarcopenia
detection. Early identification of such patients may facilitate early nutritional intervention for

patients demonstrating acute symptoms of dysphagia.'®?

The growing complexities of head and neck radiotherapy underline the importance of clinical
expertise in the detection and subsequent management of radiation induced dysphagia.
Multidisciplinary teams are a critical pillar in the care of HNC patients. Despite evidence of
improved staging, management and outcomes, there is still data to suggest that there is low
uptake in many environments treating HNC with radiotherapy.1® This theory was further
demonstrated in a study of multidisciplinary, specialised care in the management of
dysphagia in post-radiotherapy patients in India (N=26).1% In their cohort of patients, they
introduced a specialised skillset from a highly skilled institution in the United States, to
formalise a dysphagia management plan. The multidisciplinary teams comprised surgeons,
radiation oncologists, radiologists and speech, swallowing and language pathologists in both
regions. The consultation was undertaken via telemedicine. The functional oral intake score
(FOIS) of this patient cohort improved from baseline to post-intervention, demonstrating the

value of adding specialised multidisciplinary care into dysphagia management.

2.8.2 How is dysphagia managed?

Nutritional intervention

Weight management is becoming increasingly critical in the precision delivery of
radiotherapy, due to the increased sensitivities to patient contour fluctuations afforded by
modern radiotherapy techniques such as IMRT, VMAT and proton therapy. Prophylactic
identification of at-risk patients, prior to radiotherapy commencing, is critical to the
implementation of proactive nutritional interventions. As many as 20% of patients require
long-term PEG use despite being in remission from their cancer diagnosis, as a

consequence of increased weight loss afforded by chemo-radiotherapy.®’ Pre-treatment
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body-mass index (BMI) has also been identified as a significant prognostic factor in HNC
patients.'%® A low BMI at diagnosis (i.e. a patient who is underweight) was an adverse
prognostic factor, compared to overweight patients, who had a better prognosis. Nutritional

interventions for these patients, therefore, play a critical role in their management.

There remains conflicting data as to the validity of nutritional management strategies. A 2015
review article interrogated the literature, with a particular focus on the impact of prophylactic
PEG (pPEG) use on swallowing-related outcomes.'®® Amongst the twenty studies that were
included in their review, some were subject to selection bias due an inherent absence of
non-randomised sampling.1®® Furthermore, the swallowing-related outcomes and dysphagia
from each of these studies demonstrated a lack of clarity through inconclusive and varied

results, indicative of current clinical practice.

Despite earlier studies reporting long term dependence when a pPEG is inserted, more
recent work has demonstrated conflicting findings. One study investigated the impact of
early PEG feeding on longer term feeding outcomes in a cohort of fifty-seven patients.!°
They reported that encouraging patients in the early use of PEG utilisation may prolong time
to removal. Despite this, however, it doesn’t increase long term dependency beyond 4
months. Further supporting these findings, in a randomised study of 134 patients, it was
established that there was no significant difference in swallowing function between the pPEG
and clinical nutritional support (control) assigned groups at one, two and eight years post
diagnosis and treatment.'*! These swallowing outcomes were defined via the EORTC-QLQ-
H&N35, the oral intake scale, PEG tube dependence, oesophageal intervention, weight, BMI
and overall survival. Subsequently, they recommended the use of pPEG without an

increased risk of long-term dysphagia.
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The use of oral nutritional intervention, in the absence of artificial nutrition via tube means,
has also been evaluated in a HNC population undergoing radiotherapy with or without
chemotherapy.

A 2018 randomised study of 159 newly diagnosed HNC patients was undertaken to better
understand the value of oral nutritional support (ONS) when combined with nutritional
counselling, compared to nutritional counselling alone.*'? The addition of ONS resulted in
significantly improved weight maintenance (p=0.006), driven by an improved protein-calorie
intake, and an improved patient reported QoL. Furthermore, ONS reduced the requirement
for suspension/cessation of anti-cancer treatments (i.e. suboptimal doses of radiotherapy

and/or chemotherapy), indicative of a better tolerance to treatment.

2.8.3 Swallowing exercises/strength training of swallowing anatomy

While the use of instrumental intervention, such as those utilised in a 2018 study
investigating the use of balloon dilation in radiation-induced oesophageal stricture, has
demonstrated benefit in short term management of dysphagia, the literature is abundant with

swallowing rehabilitation as a key strategy in this space.*3

The antagonistic effects of radiotherapy (+/- chemotherapy) on swallowing strength have
been long recognised, with subsequent strategies to support improved conditioning the
subject of multiple studies. It has been previously recognised that chemo-radiotherapy
affects tongue endurance and salivary flow rate, leading to an adverse impact on swallowing
efficiency.!* Appropriate consideration, as such, was recommended when planning

dysphagia management strategies for these patients.

Expiratory function, following a course of radiotherapy for HNC, is significantly depressed in
aspirating patients when compared to non-aspirators.!'® On the basis of these findings, the

authors hypothesised that airway protection impairment (i.e. aspiration candidates) may
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extend outside the radiation treatment field, beyond the already irradiated laryngopharyngeal
structures, suggestive of an inter-dependency of structures critical in aspiration prevention.
The impact of potential aspiration, however, can be minimised through the introduction of
subglottic expiratory strengthening exercises. Further work from this group demonstrated a
reduction in maximum expiratory pressures (a symptom indicative of increased aspiration
risk) in 91% of participants (58/64, with an average improvement of 57%, p<0.001)) when
expiratory muscle strength training was introduced via an 8-week, personalised program.1®
Additionally, swallowing safety (via Dynamic Imaging Grade of Swallowing Toxicity or
DIGEST) (p=0.03) and MD Anderson Dysphagia Inventory (MDADI) (p=0.13) scores also
reported significant improvement among patients enrolled in expiratory muscle strength
training. These findings were further validated in a study reporting significant improvements
in oro-motor function, pharyngeal impairment, oral pharyngeal swallow efficiency and incisal
opening at three and six months post-radiotherapy.!'” Another study also reported the
benefits of rehabilitative exercises in mitigating chronic dysphagia, through significant
improvements to in chin tuck, jaw opening and anterior tongue strength. Sixteen of the
seventeen patients in this study reported feeling a benefit from undertaking these exercises

as part of their rehabilitation.*®

2.8.4 Barriers to swallowing exercises

Despite multiple publications having demonstrated a significant benefit to swallowing
outcomes when rehabilitative exercise is introduced into a patient’s care pathway, there
remain ongoing barriers to its effective utilisation. While a 2015 publication reported
systematic swallowing exercises had no impact on swallowing outcomes in the first year
following radiotherapy, they recognised poor adherence to recommended exercise (despite
supervised sessions) as a significant barrier to success.'® At 11 months, 49% of patients

had withdrawn from the study, compromising the investigators ability to fully appreciate the
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role of swallowing exercises in late dysphagia reduction. Equivalent, high rates of non-

compliance were also demonstrated in other studies.!?% 121

A possible rationale for non-adherence to swallowing exercises was proposed. The authors
suggested that following chemoradiotherapy, patient responsiveness to swallowing function
and physiology become less symptom-specific, and manifest as more general difficulty in
swallowing, compromising their ability to articulate and recognise benefits.1?? Additional
barriers to adherence were also explored, purporting that a lack of psychological capability to
clearly clarify and understand exercise rationale was adversely affecting their adherence.'?
Furthermore, study patrticipants reported a lack of systems in place to ensure compliance,
being overwhelmed with information, and pain and fatigue associated with undertaking the
exercises, as further barriers to optimal compliance. Social support and personal desire to
prevent long-term adverse effects were recognised as facilitators of improved patient
compliance.

Conversely, following a review of outcomes in non-compliant and compliant patients who
have undergone dysphagia rehabilitation following HNC, another study demonstrated no
benefit in the rehabilitative compliant group.'?* They questioned the proper dose of efficacy

of swallowing exercises in the HNC population and the need to further optimise this regime.

2.8.5 Solutions to improve compliance

To address the proven inadequacies in patient adherence to swallowing rehabilitation,
multiple strategies have been proposed to improve this compliance. One group established
an automated swallow detection algorithm via mobile health technologies in order to
minimise the complexities of patient interaction in this often misunderstood rehabilitative
process.'?® This technology utilises electromyography to monitor access and adherence to
swallowing therapy. Other examples of mobile technologies have also been generated to

improve adherence to patient swallowing exercises.?®
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Additional strategies to improve patient understanding, and subsequently, improve
compliance, were investigated.'?” A well-established, internationally recognised framework,
which allows a user to describe consequences of condition on an individual in the context of
their environment, was utilised in this study. The International Classification of Functioning
Disability, and Health (ICF) is useful in detailing the complexity and impact of dysphagia,

leading to a more holistic approach to dysphagia management.?’

2.8.6 Organ at risk (OAR) delineation

Earlier described studies demonstrate the clinical value in avoiding structures critical to the
complex nature of the swallowing mechanism.3" 38 70.87.92 \yjth the precision afforded by
modern radiotherapy treatment planning technologies, accurate delineation of these
structures is paramount to optimal correlation of outcome to delivered dose. In a published
review in 2018, the importance of accurate DARS delineation was highlighted in order to
ensure that the radiotherapy therapeutic ratio is maximised and the risk of swallowing
dysfunction is minimised.!?® The review further recommended, when possible, the utilisation
of magnetic resonance imaging to support optimal anatomical DARS delineation.
Additionally, the review highlighted that guidelines such as UMCG did not consider relevant
structures, such as hard palate, soft palate, lateral and medial pterygoid muscles,
genioglossus muscle and mylo/geniohyoid complex, as pertinent structures in dysphagia
avoidance.?® Similarly, international consensus guidelines for delineating OAR for HNC
radiotherapy did not specifically define DARS. The need for consistency in OAR delineation
was further supported by the MD Anderson head and neck cancer symptom working group,
who, in a study of 300 oropharyngeal cancer patients, reported a number of pertinent dose
volume outcome metrices.?® They stressed the importance of accurate delineation to ensure

effective translation of these recommendations into clinical practice.
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2.8.7 Predicting dysphagia via clinical factors and radiation dose to swallowing
anatomy

Studies in the preceding five years have demonstrated a particular focus on both clinical and
dosimetric predictors of dysphagia. In publications with a sole dosimetry focus, a review was
published on dose volume outcome data and reported mean dose to PCM as the most
important dosimetric predictor of late swallowing disturbance.*° Interestingly, in 2016, the
value of parotid-sparing IMRT in contributing to a positive outcome on swallowing
performance up to twelve months post radiotherapy was reported.*3!

The MD Anderson head and neck cancer symposium working group further added to the
pool of structures contributing to adverse swallowing outcomes post radiotherapy, revealing
that their dosimetric endpoints pointed to mylo/geniohyoid complex V69Gy (the volume
receiving 269 Gy), genioglossus V35Gy, anterior digastric V60Gy as potential constraints to

mitigate or minimise the risk of radiation induced dysphagia.'3?

The ability to predict for timely, prophylactic PEG insertion remains the primary focus of this
thesis. Our work has demonstrated the novel finding that level 2 nodal lymphadenopathy is a
clinical factor predictive of prolonged feeding tube use, in addition to tumour classification or
T-stage.'3® Further studies have reported that mean dose to oropharynx, ECOG status and

CRT are all predictive of need for pPEG insertion.3

Further works in the domain of clinical predictors of enteral feeding tube requirement have
demonstrated similar results. Recent findings to determine if p16 status, chemo-radiotherapy
and other nutritional markers could predict proactive gastrostomy, have found that low risk
patients with oropharyngeal cancer who are p16 positive and at high malnutrition risk would
benefit from pPEG. This is indicative of the growing HPV positive HNC population we are
seeing in Western radiotherapy clinics, which will continue to grow as the incidence of HPV

associated cancers peak.!*® These findings were similarly supported by a study that
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demonstrated clinical factors- advanced nodal disease, chemoradiotherapy, good

performance status- with an increased reliance on pPEG use.*

The two observations described as the key themes of future work (in the conclusions of 2.7)
remained prominent in the recent literature. Both swallowing anatomy delineation and
dysphagia endpoint interpretation have been investigated at length in the last five years, in
addition to earlier works. Recognition of the important role of patient engagement in their
care has also been widely reported. Barriers to swallowing exercise compliance, and
subsequent methods to improve, demand a more holistic approach to care. With the
changing landscape of the head and neck cancer patient demographic towards HPV-
associated disease, each of these themes, in line with the contents of this thesis, will require

ongoing investigation to ensure optimal management of this patient cohort moving forward.
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3.1 Preface

This chapter replicated the manuscript that was peer reviewed and subsequently published

in Acta Oncologica in 2014 (see full reference above).

The theme of this manuscript was to investigate the clinical applicability of the QUANTEC
dose/volume/outcome recommendations for late dysphagia, in the acute setting. Precision
radiotherapy, in particular in the head and neck domain, is becoming more reliant upon the
maintenance of planned body habitus to ensure the delivery of planned radiotherapy. Steep
dose gradients between target volumes and organs at risk mean that any deviations from
planned radiotherapy can lead to an underdosage of the tumour and overdose of critical
normal anatomy, leading to suboptimal tumour control and increased likelihood of radiation

induced toxicities.

Dose to the larynx has long been regarded as a surrogate for late dysphagia following head
and neck radiotherapy. However, dysphagia management and subsequent weight
maintenance is critical to the precision delivery of head and neck radiotherapy. There are
little to no dose recommendations for dysphagia prevention in the acute setting. This
manuscript aimed to validate whether the QUANTEC dose/volume/outcome

recommendations for dysphagia can be utilised to predict dysphagia in the acute setting.
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3.2 Abstract

Purpose: To determine the validity of QUANTEC recommendations in predicting acute

dysphagia using intensity modulated head and neck radiotherapy

Materials and Methods: Seventy-six consecutive patients with locally advanced squamous
cell carcinoma (SCC) of the head and neck +/- systemic therapy were analyzed. Multiple
dose parameters for the larynx (V50Gy, Dmean and Dmax were recorded. Acute dysphagia
toxicity was prospectively scored in all treatment weeks (week 1- 6 or 1-7) using CTCAEV3
by three blinded investigators. QUANTEC larynx recommendations (V50Gy<27%,
Dmean<44Gy, Dmean<40Gy, Dmax<66Gy) were used to group the cohort (i.e. V50Gy<27%
v V50Gy>27%). The proportion of patients with Grade 3 dysphagia was compared within

each group.

Results: There was a significant reduction in the incidence of grade 3 toxicity in the V50Gy <
or > 27% group at week 5 (14.3% vs 45.2%, p=0.01) and 6 (25.9%, vs 65.9%, p<0.01). A
significant reduction at week 5 (14.7% vs 50.0, p=0.02) and 6 (32.4% vs 67.6%, p=0.01) was
seen in Dmean <44Gy when compared to Dmean > 44Gy.Dmean<40Gy also delivered a
significant reduction at week 5 (5.6% vs 42.3%, p<0.01) and week 6 (23.5% vs 59.3%,
p=0.01) A significant toxicity reduction at treatment week 6 (28.0% vs 63.0%, p=0<01) was

seen from Dmax <66Gy to Dmax >66Gy.

Conclusions: QUANTEC late toxicity recommendations for dose to larynx during IMRT are a
useful predictor for acute dysphagia toxicity in this patient cohort. Furthermore, this included
chemoradiotherapy regimes and post-operative radiotherapy patients-allowing for

prophylactic implementation of supportive care measures.
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3.3 Introduction

The Quantitative Analysis of Normal Tissue Effects in the Clinic (QUANTEC) series of
articles provides a summary of updated dose/volume/outcome data to refine current dose
volume recommendations, previously defined via the recommendations of Emami et al
(1991). 8 The QUANTEC dose/volume/outcome data was generated to provide the
radiotherapy planner with improved data to facilitate effective utilization of more

sophisticated planning, delivery and imaging systems in steering precision dose deposition.®2

Radiation induced dysphagia is strongly correlated to laryngeal dose in patients receiving
definitive head and neck chemo-radiation. This was addressed by the QUANTEC report.*6: 8L
8 Inadvertent dose deposition to adjacent high dose target volumes often hastens the onset
of radiotherapy (RT) induced acute mucositis and laryngeal edema, resulting in a disruption
to the swallowing mechanism and its associated structures. However, swallowing is a
complex, multifaceted mechanism. The functional role of each anatomical structure is inter-
related. Therefore, isolating the role of each anatomical structure in RT induced dysphagia
can be somewhat challenging. The QUANTEC report suggests that late dysphagia is often a
consequence of acute oral mucositis, and that acute dysphagia may be a predictor of late
swallowing complication.'*” Our study aimed to address these questions, by validating the
recommendations of the QUANTEC report to determine their usefulness in predicting acute
dysphagia, through an analysis of dose/volume/outcome in glottic/supraglottic larynx in
definitive head and neck patients treated at our center. Furthermore, this study aimed to
establish if systemic therapy and radiotherapy delivered post-operatively (PORT) affects this
dose/volume/outcome relationship, and whether late QUANTEC recommendations are still

relevant in predicting acute dysphagia within chemo-radiotherapy and PORT regimes.
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3.4 Materials and Methods

Seventy-six consecutive patients with locally advanced squamous cell carcinoma (SCC) of
the head and neck, treated with intensity modulated radiotherapy (IMRT- 60-70Gy)
definitively or PORT +/- systemic therapy between 2008 and 2011, were analysed (table 1).
Patients with primary laryngeal disease and re-irradiation were excluded from this review.

The study was approved by our institutional ethics committee.

3.4.1 Treatment Planning

The prescribed doses were planned via a simultaneous integrated boost (SIB), to a gross
tumor volume (GTV), high risk clinical target volume (CTV) and low risk CTV. Dose to GTV
(60-70Gy), high risk CTV (60-63Gy) and low risk CTV (54-56Gy) was planned at five
fractions per week over 6 to 7 weeks. Treatment regime (i.e. pre/post-operative
radiotherapy, +/- systemic therapy) contributed to the radiotherapy treatment length. Each
target was expanded with a departmental protocol margin (1cm GTV to CTV, 0.5cm CTV to

PTV) to form PTV1, PTV, and PTV; respectively.

Optimized IMRT plans, deliverable via seven to nine equally spaced step-and-shoot
segmented beams on a 6MV linear accelerator (Elekta Synergy, Elekta Oncology, Crawley,
UK), were generated using both the Elekta CMS XiO and Monaco treatment planning
systems (TPS) (Elekta CMS Software, St Louis, MO, USA) on 0.25cm computed

tomography (CT) slices.

Dose mean (Dmean), dose maximum (Dmax) and V50Gy of glottic and supraglottic larynx
(referred to as ‘larynx’ for the remainder of article) were recorded for each patient dataset. A
dose volume constraint of V50Gy<30% was used for all patients (if clinically achievable).
The larynx was delineated by a single radiation oncologist (MW) for all patients. Larynx was
defined by epiglottic tip superiorly, lower border of cricoid cartilage inferiorly, and laterally via
the pharyngeal lumen/thyroid cartilage. Anterio-posterior boundaries were the posterior

aspect of hyoid or laryngeal cartilage anteriorly, and encompassed pharyngeal constrictors
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bounded by prevertebral fascia posteriorly. Al QUANTEC recommendations for the larynx
(V50Gy <27%, Dmean<40Gy, Dmean <44Gy, Dmax <66Gy) were utilized to categorize the
patient cohort i.e. V50Gy <27% v V50Gy >27%; Dmean <40Gy v Dmean >40Gy, Dmean
<44Gy v Dmean >44Gy; Dmax<66Gy v Dmax>66Gy. Biological equivalent larynx V50Gy,
Dmean and Dmax was additionally calculated and applied to patients where dose per
fraction was in excess of 2Gy per fraction (alpha/beta value of 4 was utilised for conversion).

Equivalent biological doses have been analyzed in this paper.

3.4.2 Acute Toxicity Assessment

Patients were prospectively scored on a weekly basis (weeks 1-6 or 7) by three radiation
oncologists (blinded to previous scores or other adverse effects) for acute dysphagia toxicity
using the common toxicity criteria for adverse events version three (CTCAEV3) assessment
tool. Grade 3 toxicity was deemed clinically significant, and its incidence recorded.
Symptomatic and severely altered eating/swallowing- with an indication for percutaneous
endogastric (PEG) tube intervention and intravenous fluids- was suggestive of Grade 3
dysphagia. QUANTEC defined dose volume categories were subsequently analyzed for

grade 3 toxicity incidence within the cohort.
Several possible clinical risk factors were also recorded for analysis. These included:

i) Age

i) Sex

iii) Chemoradiotherapy (CRT)

iv) Surgery (Post-Operative Radiotherapy (PORT) v Definitive

V) Pre-existing dysphagia

Vi) Pre-existing nutritional status (Patient-Generated Subjective Global Assessment
(PG-SGA) Tool)

vii) Pre-existing morbidity
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3.4.3 Statistical Methods

The proportion of patients with grade 3 toxicity according to either V50Gy (< or > 27%)),
Dmean (< or > 40Gy), Dmean (< or > 44Gy) or Dmax (< or > 66Gy) were compared across
the entire treatment using the Friedman test (overall change in proportion across entire
treatment) and Chi Square test (change in the proportion of patients incidence between two
groups at individual weeks of treatment i.e. Dmax <66% vs > 66%/week). These statistical
methods were subsequently applied to the stratified data of the chemoradiotherapy, RT only,
PORT and definitive cohorts. A Chi Square test was used to compare clinical risk factors
across two groups (i.e. % CRT patients in V50Gy<27% vs V50Gy>27%). All analyses were
carried out using SPSS (version 18.0, Chicago, USA). A p-level of < 0.05 was afforded

significance.

3.5 Results

Patient demographics, tumor and treatment characteristics are shown in the supplementary
material (Appendix i). Statistically significant toxicity reduction was observed on the basis of
multiple larynx QUANTEC dose volume recommendations (refer to Tables 2-3 for all acute

grade 3 dysphagia incidences) in the combined cohort.

V50Gy <27% resulted in a 68.4% reduction in grade 3 toxicity at treatment week 5 (p=0.01)
and a 60.7% reduction at treatment week 6 (p<0.01) compared to V50 >27%. The reduction
in toxicity from week 6 to 7 was not significant. Not all patients were prescribed a seven-
week treatment course. This dose parameter was not significant at week 7 due to the

reduced patient numbers at this time point.

Dmean <44Gy resulted in a 69.8% reduction of grade 3 toxicity at treatment week 5 (p=0.01)
and 51.4% reduction at treatment week 6 (p<0.01) compared to Dmean >44Gy. Dmean
<40Gy further supported Dmean as a key predictor of acute dysphagia, with significant

reduction at week 5 (5.6% vs 42.3%, p<0.01) and week 6 (23.5% vs 59.3%, p=0.01).
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Treatment with a Dmax <66Gy demonstrated a 55.6% reduction of toxicity at treatment week

6 (p<0.01) compared to Dmax >66Gy.

Furthermore, analysis of larynx Dmean for patients with CTCAEvV3 grading above and below
3 supports the Dmean>44Gy as a useful predictor of acute dysphagia. (although statistically
insignificant). Patients who peaked at grade 3 toxicity (n=47) reported an average larynx

Dmean of 46.3Gy+/- 9.7Gy compared to those below grade 3 (n=29) who reported a Dmean

of 42.5+/-6.8Gy (p=0.07).

Subsequent stratification of the total cohort into PORT (n=29) and Definitive (n=47) (Table 2)
reports comparable trends to that of the entire cohort. Statistically significant toxicity

disparity, however, is less frequent, due to the reduced numbers in the stratified cohorts

A comparable trend is also reported in the CRT (n=40) and RT Only (n=36) cohorts (Table
3). In the CRT cohort, all dose constraints are significant predictors at varying time points.
The RT Only group (significant only at V50Gy>27%, week 6) reports comparable trends in
toxicity incidence with the combined cohort. In the absence of more definitive

dose/volume/outcome data, the QUANTEC recommendations appear a useful predictor of

acute dysphagia in this RT Only cohort.

Further stratification reports an equivalent distribution of potential clinical risk factors across
most QUANTEC defined groups (refer to table 4). There was a significantly greater
proportion of CRT patients in the Dmax>66Gy cohort, compared to those Dmax<66Gy. A
significantly greater proportion of PORT patients were in the Dmax<66Gy cohort. Both of
these results can be in part explained by the prescribed dose levels to the CRT and PORT
patients. CRT patients were predominantly prescribed in excess of 66Gy, whilst PORT

patients less than 66Gy.

The peak toxicity of any patient throughout treatment was grade 3 (60.5% of all patients).

25.0% of patients reported a peak grade 2 toxicity and 13.2% a peak grade 1 toxicity.
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3.6 Discussion

Our results have shown that the QUANTEC report dose recommendations for late dysphagia
are a useful tool for predicting acute dysphagia in a typical group of head and neck cancers
usually treated radically with radiotherapy. Reduction in the inadvertent dose delivery to
laryngo-pharyngeal structures has been extensively investigated and reported.5> ”® Our
findings support the recommendations of the QUANTEC report.2*” These recommendations
are based on the dose/volume/outcome data from multiple studies, which have been derived

from late toxicity endpoints including edema and aspiration.

Other publications have attempted to validate the QUANTEC recommendations in various
critical organs®*®4° |_ju et al (2010) reported consistent rectal bleeding complications to
those of the NTCP QUANTEC model in prostate radiotherapy. However, due to relative
homogeneity of rectal dose distributions, this study warned of a low predictive power in their
cohort.’*® Appelt et al (2014) combined the dose response function of radiation pneumonitis
(based on QUANTEC recommendations) with known clinical risk factors, to increase
confidence in predicting radiation pneumonitis and to individualize toxicity risk estimates.**®
Most recently, parotid dose recommendations were validated by Beetz et al (2014). Their
work reported significantly lower rates of patient-rated xerostomia based on QUANTEC
recommendations. However, this group warned of decreased reliability in the model in the

elderly and patients with minor pre-existing xerostomia4°

Dose parameters significantly associated with late laryngeal edema were previously reported
by Sanguineti et al.®! Their findings recommended a V50Gy of less than 27% and a dose
mean of less than 43.5Gy to the larynx to minimize edema incidence. However, it should be
recognized that only a small percentage of this cohort (n=12, 18.2%) underwent concurrent
chemotherapy, with subsequent stratification eliminating chemotherapy as an edema
predictor. Dose-volume relationships generated from this work may well be affected by this
discrepancy. This should be considered when applying these constraints in the presence of

systemic therapy. Furthermore, Feng et al (2007) generated dose variables for minimizing
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late aspiration, reporting that a dose mean to glottic/ supraglottic larynx should not exceed
50Gy.%% %2 The role of the laryngeal dose in late vocal dysfunction has also been reported.
Dornfeld et al reported a steep decrease in vocal toxicity when the maximal laryngeal dose
was kept below 66Gy.*¢ A limitation of this particular study, however, was the absence of full
three-dimensional dose metrics. Specified points within swallowing anatomy were identified
for dose analysis. Limitations in their planning software didn’t enable retrospective analysis

of newly delineated structures.

While tumor control and late toxicity should and will always remain the primary outcome
measure, treatment tolerance in the acute setting is becoming increasingly important.'* The
primary focus of this study was to address the current lack of acute dysphagia dose/ volume/
outcome data in the literature. The QUANTEC recommendations for reduction in late edema,
aspiration and vocal dysfunction were shown to be clinically significant predictors of acute
dysphagia in our study. The incidence of acute dysphagia toxicity was significantly higher in

patient cohorts exceeding the specified dose goals.

There is an increasing awareness of the importance of minimizing the consequences of
acute toxicities. Multiple publications emphasize the importance of maintaining planned
patient geometry, to ensure optimal delivery of planned dosimetry and to prevent the
decrement in the quality of the IMRT plan, in particular, in predicting parotid gland dose.#*
143 The ability to predict, prevent and manage severe dysphagia may reduce the incidence
and the magnitude of significant weight loss thus in our cohort. Better understanding the
acute dose/response/outcome correlation in head and neck radiotherapy could play a role in
the development of safer treatment intensification protocols, with ultimately, the potential for
improved tumor control loco-regionally. This has been investigated via various radiotherapy
dose escalation strategies.'** 14° Increasing dose to sites of putative radiation resistance, as
suggested by various PET substrates has been explored previously**® Predictive dosimetric
measures for expected treatment tolerance may provide a basis for inclusion/exclusion of

treatment intensification protocols, or enable the implementation of suitable prophylactic
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measures to increase the likelihood of treatment tolerance. Further to radiotherapy dose
intensification, the ability to deliver less toxic loco regional treatment may allow
intensification of systemic treatments. The benefits of concurrent platinum based systemic
therapy and biologic agents are well established.®* A greater understanding of the acute
response to radiotherapy, and the knowledge to implement individualized prophylactic
measures, can optimize delivery of such potentially toxic programs and reduce associated
toxicities. Various allied health professionals, including dietetics and speech pathology,

provide opportunity for on-treatment assistance to enable improved treatment tolerance.

On-treatment interventions, and their early implementation have proven beneficial in
enhancing treatment tolerance. Studies have proven the benefit of enteral feeding (via PEG)
in reducing weight loss and interrupted treatment, amongst many other acute toxicity
incidents.!#” Yet, there is also data suggesting that a long term dependence on PEG feeding
is detrimental to latter swallowing function, with increased risk of atrophy to masticatory and
swallowing muscles.?! The work of Sanguinetti et al addressed this concern through the
development of predictive dosimetric parameters (to oral mucosa) for PEG insertion
throughout IMRT for oropharyngeal cancer.*® Planned patient geometry and treatment
tolerance is dependent on multiple contributing factors. A more comprehensive
understanding of the role of dosimetric measures and their correlation to incidence of acute
toxicity will allow for a greater focus on treatment planning dose steering. Yet, perhaps of
greater importance, is the early instigation of supportive care intervention (i.e. dietetics,
speech pathology) where dose avoidance is not possible. Such measures may be able to
better maintain or achieve optimal treatment tolerance, weight management and treatment

delivery.

A limitation of this study is that the study population does encompass multiple tumor types
and demographic characteristics, but this group is typically representative of the cases
treated radically with radiotherapy. Despite this heterogeneity of disease sub-type entities,

the outcome data were relatively consistent as reported. The role of systemic therapy or
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radiotherapy given definitively or post-operatively in influencing acute dysphagia incidence
was addressed. Our results showed that systemic therapy or surgical intervention did not
significantly affect the incidence of grade 3 dysphagia in each of the groups (data not
presented). This was performed to ascertain concurrent systemic therapy or surgery given in
conjunction with radiotherapy in some patients was not a confounding factor in the outcome
of our analysis. Multiple other demographic factors were not analyzed, such as tumor size
and geography, pre-existing medical conditions and quality of life accompanying scoring
during radiation therapy. Equivalent toxicity incidence was reported regardless of biological

or physical laryngeal dose.

3.7 Conclusion

This study demonstrated the usefulness of the QUANTEC late toxicity recommendations in
predicting acute dysphagia toxicity. Precision radiotherapy demands optimal maintenance of
planned geometry through optimizing the opportunity for improved treatment tolerance. A
more comprehensive understanding of acute dose/volume/outcome correlation enables
individualized treatment programs to be developed, to facilitate improved treatment tolerance

via measured prophylactic interventions.
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Table 1. Demographic and tumor characteristics of head and neck IMRT patients (Total N =
76)
Patients n/N (%)

Sex
Male 53 (69.7)
Female 23 (30.3)

Age (Mean, £ SD)
Male 60.5 (+ 9.4) years
Female 60.7 (x13.1) years

Primary Tumor Site

Oropharynx 39 (51.3)
Floor of Mouth 11 (14.5)
Other 10 (13.2)
Unknown Primary 8 (10.5)
Nasopharynx 6 (7.9)
Oral Tongue 2 (2.6)

T Classification

TO 2 (2.6)
T1 10 (13.2)
T2 22 (28.9)
T3 18 (23.7)
T4 12 (15.8)
Tx 12 (15.8)
N Classification
NO 15 (19.7)
N1 11 (14.5)
N2a 12 (15.8)
N2b 19 (25.0)
N2c 13 (17.1)
N3 6 (7.9)
M Classification
MO 70 (92.2)
M1 3 (3.9)
Mx 3 (3.9)
Post-Operative (PORT) 29 (38.2)
Definitive RT 47 (61.8)

Systemic Therapy

Yes 39 (51.3)
Cisplatin 32 (82.1)
Cetuximab 4 (10.2)
Carboplatin 3 (7.7)

T=Tumor, N= Node, M = Metastases



Table 2. Incidence of CTCAEvV3 grade 3 acute dysphagia (treatment weeks 1-6 /7*) in ALL patients compared to Definitive and PORT

V50Gy<27% V50Gy>27% |Dmean<44Gy Dmean>44Gy|Dmean<40Gy Dmean>40Gy| Dmax<66Gy Dmax>66Gy
All Patients (n=76) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%)
Week 1 1/33 (3.0) 1/42 (2.4) 1/36 (2.8) 1/39 (2.6) 0/19 (0.0) 2/56 (3.6) 1/27 (3.7) 1/48 (2.1)
Week 2 3/34(8.8) 2/41 (4.9) 3/36(8.3) 2/39(5.1) 1/19 (5.3) 4/56 (7.1) 3/28 (10.7)  2/47 (4.3)
Week 3 4/32(12.5) 5/41(12.2) |4/34(11.8) 5/39(12.8) |1/18(5.6) 8/55(14.6) |4/26(15.4) 5/47(10.6)
Week 4 4/30(13.3) 5/41(12.2) |[3/33(9.1) 6/38 (15.8) |0/17 (0.0) 9/54 (16.7) |3/24(12.5) 6/47(12.8)
Week 5 4/28 (14.3) 19/42 (45.2)"|5/34 (14.7) 18/36(50.0)" |1/18 (5.6) 22/52 (42.3)%|6/26 (23.1)  17/44 (38.6)
Week 6 7/27 (25.9)  29/44 (65.9)%|11/34 (32.4) 25/37 (67.6)" |4/17 (23.5) 32/54(59.3)"|7/25(28.0)  29/46 (63.0)*
Week 7 9/14 (64.3) 21/26(80.8) [13/19(68.4) 17/21(81.0) |3/7 (42.9) 27/33 (81.8) [3/6(50.0) 27/34 (79.4)
PORT Only (n=29)
Week 1 1/14 (7.1) 1/14 (7.1) 1/14 (7.1) 1/14 (7.1) 0/9 (0.0) 2/19(10.5) |[1/19(5.3) 1/9 (11.1)
Week 2 3/15(20.0) 2/14(14.3) |3/15(20.0) 2/14(14.3) |1/9(11.1) 4/20(20.0) |3/20(15.0) 2/9(22.2)
Week 3 3/14(21.4) 3/14(21.4) |3/14(21.4) 3/14(21.4) |1/8(12.5) 5/20(25.0) [4/19(21.1) 2/9(22.2)
Week 4 3/12(25.0) 2/14(14.3) |3/13(23.1) 2/13(15.4) |0/7(0.0) 5/19(26.3) |[3/17(17.7) 2/9(22.2)
Week 5 2/13(15.4) 6/13(46.2) |2/14(14.3) 6/12(50.0) |(0/9(0.0) 8/17 (47.1) |4/18(22.2) 4/8(50.0)
Week 6 4/12 (33.3) 9/13(69.2) |5/13(38.5) 8/12(66.7) |2/8(25.0) 11/17 (64.7) |6/17(35.3) 7/8(87.5)"
Week 7 N/A 3/3(100.0) |[1/1(100.0) 2/2(100.0) N/A 3/3 (100.0) N/A 3/3 (100.0)
Definitive Only (n=47)
Week 1 0/19 (0.0) 0/28 (0.0) 0/23 (0.0) 0/24 (0.0) 0/10 (0.0) 0/37 (0.0) 0/9 (0.0) 0/38 (0.0)
Week 2 0/19 (0.0) 0/27 (0.0) 0/22 (0.0) 0/24 (0.0) 0/10 (0.0) 0/36 (0.0) 0/9 (0.0) 0/37 (0.0)
Week 3 1/18 (5.6) 2/27 (7.4) 1/21 (4.8) 2/24 (8.3) 0/10 (0.0) 3/35 (8.6) 0/8 (0.0) 3/37(8.1)
Week 4 1/18 (5.6) 3/27 (1.1) 1/21 (4.5) 3/24(12.5) |0/10 (0.0) 4/35(11.4) |0/8(0.0) 4/37 (10.8)
Week 5 3/18(16.7) 12/26(46.2) |4/21(19.1) 11/23(47.8) |1/9(11.1) 14/35 (40.0)" | 2/9 (22.2) 13/35 (37.1)
Week 6 4/18 (22.2)  19/28 (67.9)%(7/22 (31.8) 16/24 (66.7)" |2/9 (22.2) 21/37 (56.8) [1/9(11.1) 22/37 (59.5)"
Week 7 9/14 (64.3)  18/23(78.3) |12/18 (66.7) 15/19 (79.0) |3/7 (42.9) 24/30 (80.0) |3/6(50.0) 24/31 (77.4)
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Table 2 Key

CTCAEv3 = Common toxicity criteria for adverse events version three

*Treatment length dependent on treatment intent/concurrent treatments/pre or post-operative
n = no. of grade 3 recordings

N = no. of patients with recordings at treatment week

% = grade 3 dysphagia incidence

PORT = Post-Operative Radiotherapy

A = p<0.05 following Chi Square test

# = p<0.01 following Chi Square test
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Table 3. Incidence of CTCAEV3 grade 3 acute dysphagia (treatment weeks 1-6 /7*) in ALL patients compared to CRT and RT Only

V50Gy<27% V50Gy>27% |Dmean<44Gy Dmean>44Gy|Dmean<40Gy Dmean>40Gy| Dmax<66Gy Dmax>66Gy
All Patients (n=76) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%)
Week 1 1/33 (3.0) 1/42 (2.4) 1/36 (2.8) 1/39 (2.6) 0/19 (0.0) 2/56 (3.6) 1/27 (3.7) 1/48 (2.1)
Week 2 3/34(8.8) 2/41 (4.9) 3/36(8.3) 2/39(5.1) 1/19 (5.3) 4/56 (7.1) 3/28 (10.7)  2/47 (4.3)
Week 3 4/32 (12.5) 5/41(12.2) |4/34(11.8) 5/39(12.8) |1/18(5.6) 8/55(14.6) |4/26(15.4) 5/47(10.6)
Week 4 4/30(13.3) 5/41(12.2) |[3/33(9.1) 6/38 (15.8) |0/17 (0.0) 9/54 (16.7) |3/24(12.5) 6/47(12.8)
Week 5 4/28 (14.3) 19/42 (45.2)"|5/34 (14.7) 18/36(50.0)" |1/18 (5.6) 22/52 (42.3)%|6/26 (23.1) 17/44 (38.6)
Week 6 7/27 (25.9) 29/44 (65.9)%|11/34 (32.4) 25/37 (67.6)" |4/17 (23.5) 32/54(59.3)"|7/25(28.0)  29/46 (63.0)*
Week 7 9/14 (64.3) 21/26(80.8) [13/19(68.4) 17/21(81.0) (3/7 (42.9) 27/33 (81.8) [3/6(50.0) 27/34 (79.4)
CRT (n=40)
Week 1 0/15 (0.0) 0/25 (0.0) 0/20 (0.0) 0/20 (0.0) 0/8 (0.0) 0/32 (0.0) 0/10 (0.0) 0/30 (0.0)
Week 2 0/15 (0.0) 1/24 (4.2) 0/19 (0.0) 1/20 (5.0) 0/8 (0.0) 1/31(3.2) 0/10 (0.0) 1/29 (3.5)
Week 3 1/15 (6.7) 3/24(12.5) |[1/19(5.3) 3/20(15.0) |0/8(0.0) 4/31(12.9) |1/10(10.0) 3/29(10.3)
Week 4 1/15 (6.7) 2/24 (8.3) 1/19 (5.3) 2/20(10.0) |0/8(0.0) 3/31(9.7) 0/10 (0.0) 3/29(10.3)
Week 5 2/14 (14.3) 10/23 (43.5) |2/18(11.1) 11/19(57.9)%|0/7 (0.0) 13/30 (43.3)"|2/10(20.0)  11/27 (40.7)
Week 6 4/13 (30.8) 18/25(72.0)"|6/18(33.3) 16/20(80.0)* |1/6 (16.7) 21/32 (65.6) [2/9(22.2) 20/29 (69.0)"
Week 7 8/10(80.0) 15/18 (79.0) [10/13 (76.9) 12/14(85.7) |3/5(60.0) 19/2 (86.4) |2/3(66.7) 21/25 (84.0)
RT Only (n=36)
Week 1 1/18 (5.6) 1/17 (5.9) 1/17 (5.9) 1/18 (5.6) 0/11 (0.0) 2/24 (8.3) 1/18 (5.6) 1/17 (5.9)
Week 2 3/19(15.8) 1/17(5.9) 3/18 (16.7) 1/18(5.6) 1/11 (9.1) 3/25(12.0) |[3/19(15.8) 1/17(5.9)
Week 3 3/17(17.7) 2/17(11.8) |3/16(18.8) 2/18(11.1) |1/10(10.0) 4/24(16.7) |3/17(17.7) 2/17(11.8)
Week 4 3/15(20.0) 3/17(17.7) |3/15(20.0) 3/17(17.7) |0/9(0.0) 6/23(26.1) |[3/15(20.0) 3/17(17.7)
Week 5 3/17(17.7) 8/16(50.0) |4/17(23.5) 6/16(37.5) |1/11(9.1) 9/22 (40.9) |4/17(23.5) 6/16(37.5)
Week 6 4/17 (23.5) 10/16(62.5)" |6/17 (35.3) 8/16(50.0) |3/11(27.3) 11/22(50.0) |5/17(29.4) 9/16(56.3)
Week 7 1/4 (25.0) 6/8 (75.0) 3/6 (50.0) 5/7 (71.4) 0/2 (0.0) 8/11(72.7) |1/3(33.3) 6/9 (66.7)
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Table 3 Key

CTCAEv3 = Common toxicity criteria for adverse events version three

*Treatment length dependent on treatment intent/concurrent treatments/pre or post-operative
n = no. of grade 3 recordings

N = no. of patients with recordings at treatment week

% = grade 3 dysphagia incidence

CRT = Concurrent Cisplatin Chemotherapy + Radiotherapy

A = p<0.05 following Chi Square test

# = p<0.01 following Chi Square test
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Table 4. Distribution of Clinical Risk Factors

V50Gy<27% V50Gy>27% | Dmean<44Gy Dmean>44Gy| Dmean<40Gy Dmean>40Gy | Dmax<66Gy Dmax>66Gy
(%) (%) (%) (%) (%) (%) (%) (%)
Sex (Female) 355 26.7 31.6 28.9 42.1 26.3 34,5 27.7
Age (265) 48.4 51.1 55.3 44.7 36.8 54.4 48.3 51.1
CRT 45.2 62.2 52.6 57.9 42.1 59.6 34,5 68.1%
Dysphagia 19.4 20.0 26.3 13.2 10.5 22.8 10.3 25.5
Pre-Tx NS 38.7 24.4 39.5 21.1 36.8 28.1 27.6 31.9
Morb. Score 25.8 17.8 28.9 13.2 21.1 21.1 20.7 21.3
PORT 45.2 333 39.5 36.8 47.4 35.1 69.0 19.1%

Table 4 Key

Dysphagia = Pre-existing dysphagia

Pre-Tx NS = Pre-Treatment Nutritional Status identifying Malnourishment (PG SGA Score >B)
Morb. Score= Pre-Treatment morbidity Score >2

PORT = Post-Operative Radiation Therapy

# = p<0.01 following Chi Square test
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4.1 Preface

This chapter represents the manuscript that was peer reviewed and subsequently published

in Head & Neck in 2018 (see full reference above).

The study presented in Chapter 3 successfully validated the QUANTEC larynx
dose/volume/outcome recommendations for late dysphagia in the acute setting i.e. dose
values that predict late dysphagia were also found to be predictive of acute clinician scored
dysphagia. While it provided valuable data, toxicities, both acute and late, are very much
dependent on a vast array of clinical variables. The theme of this manuscript was to
investigate clinical predictors of feeding tube use in patients undergoing a radical/curative
course of radiotherapy for head and neck cancer. A series of potential predictors, all of which
were available at a multidisciplinary tumour board meeting whereby the patient treatment
pathway is decided, were reviewed in a large series of patients. The prevalence of each of
these variables was analysed with feeding tube utilisation, in an attempt to derive significant

clinical variables that were predictive of prolonged feeding tube use.

Being able to predict for likelihood and duration of feeding tube use has multiple benefits for
both the patient and heath service provider. It provides data for greater transparency in the
feeding tube requirement informed consent process for the patient. With respect to the
health service provider, it facilitates greater transparency in resource allocation to
individualise patient pathways, while providing grounds for prophylactic toxicity management

to minimise the risk of long-term radiation-induced complications.



75

4.2 Abstract

Purpose: To establish a risk stratification model for feeding tube (FT) use in head and neck

IMRT patients.

Methods: 139 patients treated with definitive IMRT (+/- concurrent chemotherapy) for head
and neck mucosal cancers were included. Patients were recommended a prophylactic FT
and followed up by a dietician for at least eight weeks post-radiotherapy. Potential prognostic
factors were analysed for risk and duration of FT use for at least 25% of dietary

requirements.

Results: Many variables had significant effects on risk and/or duration of FT use in univariate
analyses. Subsequent multivariable analysis showed that T-classification = 3 and level 2-
lymphadenopathy were the best independent significant predictors of higher risk and

duration of FT use respectively in oral cavity, pharynx and supraglottic primaries.

Conclusions: In patients treated with definitive IMRT, T-classification = 3 and level 2-
lymphadenopathy can potentially stratify patients into four risk groups for developing severe

dysphagia requiring FT use.
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4.3 Introduction

Head and neck cancer and its treatment with radiation therapy (RT), with or without
concurrent chemotherapy, are associated with dysphagia and associated malnutrition and
weight loss.1#%152 Enteral feeding via a feeding tube (FT) is a common method of providing
patient nutrition during and immediately following RT in as many as 80% of patients.%3157
Patients at high risk of prolonged, severe dysphagia may benefit from a prophylactic
gastrostomy tube to minimize hospitalisations, while maximising convenience and short term

quality of life.6": 75 158

However, the insertion of a gastrostomy tube is an invasive procedure which can be
associated with major complications and occasionally death.**® Prolonged use of
gastrostomy tubes has been associated with long-term swallow dysfunction and a potential
risk of late mortality.®” 12° Considering these risks, the insertion of prophylactic gastrostomy
tubes should be reserved for those patients likely to derive the most benefit, namely patients
at highest risk of prolonged, severe dysphagia. Furthermore, identification of high-risk
patients is critical in developing patient pathways and appropriate allocation of allied health
resources. The main objective of this study was to develop a risk stratification model for
anticipated duration of FT use, using the clinical and radiological information available at a

patient’s initial discussion at a Multidisciplinary Tumor Board.

4.4 Methods and Materials

4.4.1 Patients

Following Institutional Ethics Committee approval, the patient population was retrospectively
accrued from the institution’s radiation oncology database. To be eligible for inclusion,
patients were required to receive primary and definitive intensity-modulated radiotherapy
(IMRT) (with or without concurrent systemic treatment) for mucosal cancers of the head and
neck. Patients with stage 11-1VB disease were included. Patients were excluded if they
underwent therapeutic surgery to the primary site or neck dissection prior to commencing

RT. Patients were required to have been offered a prophylactic FT prior to treatment, as per
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departmental policy- laryngeal and pharyngeal tumors planned to receive 264Gy with
bilateral nodal irradiation, or having a pre-existing nutritional deficiency. All included patients
had to be followed up by a dietician for a minimum of eight weeks post radiotherapy

completion.

4.4.2 Pre-treatment evaluation

Prior to treatment, each patient underwent diagnostic contrast-enhanced computed
tomography (CECT) of the face, neck and chest, as well as whole-body positron emission
tomography with low dose CT for co-registration (PET/CT). Selected patients underwent
magnetic resonance imaging (MRI) through the face and neck, when it was thought clinically

beneficial to assist in optimal target delineation, e.g. nasopharyngeal primary disease.

4.4.3 RT planning and treatment

Target volumes were outlined on the planning CECT by one radiation oncologist. The
PET/CT and MRI (if available) were co-registered with the planning CECT on the treatment
planning system (TPS). The elective (prophylactic) nodes were defined according to
consensus guidelines.'® All patients received bilateral, elective irradiation of levels 2 to 4
nodes. Patients with oropharynx or nasopharynx cancers had bilateral, elective irradiation of
level 1B nodes. In patients with oropharynx or hypopharynx cancers elective irradiation of
ipsilateral level 5 nodes and the retrostyloid space was delivered to clinically node positive
hemi-necks. In patients with cancer of the nasopharynx, bilateral retrostyloid space lymph
nodes were treated to an elective dose. All TO patients in this cohort were treated electively
to bilateral nodal basins, including level 1B, while bilateral tonsils and tongue base were

treated as high risk clinical target volume (CTV).

Clinically and radiologically involved nodes were contoured individually. The prescribed
doses were planned with a simultaneous integrated boost to a gross tumor volume (GTV),
high risk CTV and low risk CTV. In 137 cases, the dose to GTV (66—70Gy), high risk CTV

(63Gy) and elective CTV (56Gy) was planned at five fractions per week over six to seven
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weeks. The remaining two patients were prescribed 60 or 64Gy in 30 fractions. Medically fit
patients were considered for concurrent systemic therapy based on disease stage and

comorbidities.

Optimized IMRT plans, deliverable via seven to nine equally spaced step-and-shoot
segmented beams on a 6 MV linear accelerator (Elekta Synergy, Elekta, Crawley, UK), were
generated using either the Elekta CMS XiO or Monaco treatment planning systems (TPS)

(Elekta, St Louis, MO, USA) on 0.25 cm CT slices.

4.4.4 Nutritional Assessment and Follow-Up

All patients had a complete pre-therapy consultation with a dietician followed by weekly
nutritional reviews while on therapy. Following therapy, dietetic review, whether by phone or
in person, was conducted at least every two weeks following therapy until cessation of

enteral feeding.

Adequacy of Enteral Intake (AEI) was recorded at each review using the scale: AEI 0 = 0—
24%, AEI 1 = 25-49%, AEI 2 = 50-74% and AEI 3 = 75-100% of daily nutritional needs. All

patients were followed until their AEI was less than 1.

Speech pathology services were offered to all patients with oropharyngeal dysphagia to
minimize aspiration and malnutrition risk. Video fluoroscopy and Fibreoptic Endoscopic
Evaluation of Swallowing were available for at-risk patients. Swallowing rehabilitation was

not available to this patient cohort.
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4.4.5 Statistical Analyses

Outcomes measured were 1) the risk of FT use for at least 25% of nutritional requirements
(AEI = 1) and 2) the duration of such use measured in days from the first date the AEIl was

recorded at 1 or higher to the date when it dropped to AEI 0 or the tube was removed.

Potential patient and tumor related prognostic variables were subdivided according to
previously reported cut-off points.*”- 61 °1. 161 Only variables which would be known at the pre-
therapy multidisciplinary tumor board were considered. For analysis of risk of FT use (Yes or
No) we used the Fisher exact test if there were only two subgroups (eg. age < or > 65
years), the Cochran-Armitage test for trend if there were three or more ordered subgroups
(eg. ECOG performance status) or the Pearson chi square test for three or more unordered
subgroups (eg. cancer site).*%? For analysis of duration of FT use, Kaplan-Meier analysis
was carried out and subgroups were compared using the Mantel-Cox log rank test for
differences or the Tarone-Ware test for trend.'6® 164 As all patients were followed up to
cessation of AEl = 1 tube feeding, no durations were censored. All P values reported were
two-sided and 95% confidence intervals (Cl) were calculated. The significance criterion was
P < 0.05 for previously reported prognostic factors or P < 0.005 for new prognostic factors

(to adjust for multiple hypotheses).

Prognostic factors which were significant in the univariate analyses were tested in
multivariable models to find the smallest number of independent prognostic factors which
had a significant effect on the risk and duration of FT use. For risk of FT use, exact logistic
regression with conditional maximum likelihood inference was used for the multivariable
analyses with P values obtained from the exact conditional scores test (20).1%? For duration
of FT use, Cox proportional hazards regression was used and the exponentials of the

coefficients (ef) from the final model were interpreted as “Recovery rate ratios”.

Both backwards and forwards stepwise regression was performed and variables were

retained in the model if the P value was < 0.05. Patients with unknown values for a particular
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factor were omitted from any models containing that factor, except for Human Papilloma

Virus (HPV) where “unknown” was treated as a separate level of the factor.

45 Results

Between January 2007 and December 2013, 139 eligible patients were treated with radical
intent IMRT. Their median age at commencement of RT was 61 years (range 20 to 91) and
78% were male. The most common cancer site was oropharynx (78 patients, 56%). The
other primary sites were nasopharynx (16, 12%), supraglottis (15, 11%), glottic larynx (14,
10%), hypopharynx (5, 4%), oral cavity, (2, 1%) and unknown primary (9, 7%). Forty-one of
the 78 oropharynx patients (53%) and five of the nine with unknown primaries (56%) had
known HPV positive disease. Patient demographic and tumor characteristics are shown in

the "Total" column in Table 5.

Altogether, 101 patients (73%) used a FT for at least 25% of their nutritional requirements,
for at least 48 hours. The Kaplan-Meier curve of duration of FT use at AEl = 1 is shown in
Figure 1. Patients who did not use the FT at this level are represented in the Figure with O
days duration; hence the curve starts at 73% on the vertical axis. The median duration of FT
use for all patients was 70 days (Cl 55-81 days). Twenty-four patients (17%) used it for at
least six months, ten (7%) for at least 12 months and two (1%) for more than two years but

the curve was curtailed at 24 months for the purpose of clarity.

Ninety patients (65%) used the FT for at least 75% of their requirements (AEI 3) at some

stage and 18 (13%) used it at this level for more than six months.

4.5.1 Univariate analyses

Results of the univariate analyses on all 139 patients are shown in Table 5. Patients with
cancer of the oral cavity or pharynx needed a feeding tube for longer than patients with
cancers of supraglottis, glottic larynx or unknown primary (Figure 2). The other statistically

significant prognostic factors for risk and duration of FT use were T-classification, N-
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classification, level 2 lymphadenopathy, bilateral neck lymphadenopathy, concurrent
chemotherapy, prior dysphagia and prior malnutrition. BMI < 18.5 and negative HPV status
in oropharynx or unknown primary patients were significantly associated only with longer
duration of FT use. Retropharyngeal and level 3 nodal disease were not considered to be
statistically significant factors, despite having P values less than 0.05, because they did not
meet our criterion of P < 0.005 for new hypotheses and either risk or duration of FT use was
not significant. Patients older than 65 years were less likely to use the FT than younger
patients, yet there was no significant difference in duration of FT use. This was contrary to
most previous studies. There were no significant associations between the risk or duration of
tube feeding and tobacco or alcohol use, comorbidities scaled using the Charlson co-

morbidity index, ECOG performance status, or levels 1, 4 or 5 lymphadenopathy.

4.5.2 Multivariable analyses

Cancer site was a significant prognostic factor, therefore, nine patients with unknown
primaries were excluded from the multivariable analyses. Only one of the fourteen patients
with glottic larynx cancer needed to use a FT, so these patients were considered to be very

low risk and also excluded from the multivariable analyses.

The remaining 116 patients with cancers in the pharynx, oral cavity or supraglottis were
included in multivariable analyses for risk and duration of FT use for at least 25% of dietary
needs. Factors with more than two subgroups were collapsed into two, specifically cancer
site (pharynx and oral cavity versus supraglottis), T-classification (T3—4 versus T<3) and N-

classification (N1-3 versus NO).

In the final models T-classification 3—4 (P = 0.0018 and P <0.0001 respectively) and level 2
nodal disease (P = 0.0030 and P = 0.0001 respectively) were the only independent
significant predictors of risk and duration of FT use respectively (Table 6). The recovery rate
(rate of ceasing FT use at AEI = 1) with T3—4 disease was estimated to be 25% of the rate in

patients with T<3 disease (Cl 16% — 39%) and with level 2 nodal disease it was estimated to
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be 45% of the rate in patients with no level 2 nodes involved (Cl 30% — 67%). Patients with
both T-classification 3—4 and level 2 nodal disease were predicted to recover at
approximately 11% of the rate of patients with neither factor (i.e. T<3 and no level 2 nodal
disease) (Cl 5% — 26%). Table 7 and Figure 3 display the observed duration of FT use in the

presence of neither, one or both of these two significant factors.

None of the other factors, which were significant in the univariate analyses, was statistically
significant in the multivariable analyses after taking into account T-classification 3—4 and

level 2 lymphadenopathy.

4.6 Discussion

This analysis introduces a clinically useful and simple screening tool for both risk and
duration of significant FT use, which is relevant when IMRT is used. Stratifying pharynx, oral
cavity and supraglottis patients by two variables — T-classification (3—4) and presence of
involved level 2 lymph nodes — separates patients into four distinct groups. Low risk patients
have neither risk factor, low—intermediate risk patients have T<3 tumors with level 2 lymph
nodes involved, high-intermediate risk patients have T3—4 tumors without level 2 nodes and
high-risk patients have T3—4 tumors and level 2 lymphadenopathy. This information is
readily available when a patient is first presented at a Multidisciplinary Tumor Board and the
model described could be used to guide decisions regarding insertion of prophylactic tubes.

It does not take dosimetric factors into consideration.

In our experience, all but the lowest risk group had at least an 85% chance of requiring
enteral feeding for at least 25% of their diet, for at least 48 hours, at some stage during
therapy or convalescence. Patients with glottic larynx cancer had a very low risk of needing
a feeding tube (approximately 7% in our limited data). The risk for patients with unknown
primaries in the head and neck is likely to depend on the volume of pharyngeal mucosa and
constrictor muscles irradiated and whether patients had level 2 nodal involvement. These

patients received elective mucosal irradiation, predominantly base of tongue and tonsillar
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fossae, to 63Gy and often concurrent chemotherapy, but did not suffer physical obstruction

from macroscopic tumor.

There still remains substantial controversy as to whether patients are best managed via
reactive or prophylactic FT for RT related dysphagia.®” However, even departments that
adhere to strict reactive FT protocols insert prophylactic tubes in a subset of high risk
patients, and, conversely, departments with policies of liberal prophylactic FT use will

choose to spare a low risk subset of patients from undergoing the insertion procedure.

Apart from cancer site, we found advanced T-classification to be the most significant
prognostic factor for duration of FT use. This is not a new finding and is consistent with the
observations of numerous published studies.5! 165168 The most common dichotomy of T-
classification in the published literature has been T1-2 versus T3—4 with the more advanced
classifications universally having higher rates of acute and long term FT use.6: 168169 The

findings of our study support this.

The impact of level 2 lymph nodes on patient dysphagia is a novel finding. Lymph node
positivity has been associated with increased FT dependence at six months (OR 7.08; P <
0.001).1%8 We are able to report specifically on this subset of node positive patients owing to
the careful and consistent target delineation under the direction of a single radiation
oncologist. The causality of this finding remains unclear. Level 2 lymph nodes have a strong
association with primary cancers of the oropharynx and, in the current series, 69% of both
oropharynx and nasopharynx cancers had level 2 adenopathy.'’® Numerous studies have
shown that radiotherapy for oropharynx malignancy is associated with high rates of
symptomatic dysphagia.®® 7t 161188 |n this study, all patients with oropharyngeal and
nasopharyngeal cancer had elective, bilateral irradiation of neck level 1B. This would lead to
high dose deposition in the region of the patient’s submandibular glands, which has been
documented to increase the risk of both xerostomia and dysphagia.'®® 1’ Anatomically, level
2 nodes are close to the parotid glands. Like the submandibular glands, the risk and severity

of both xerostomia and dysphagia have been associated with increasing dose to parotid
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glands.”® 172174 The level 2 region lies lateral to the base of tongue for its entire cranio-
caudal length.'®® The tongue base has been described as a crucial organ in swallowing and

an increasing risk of dysphagia has been documented with increasing dose to this organ.%®

Level 2 node involvement is associated with more advanced disease and thus more
aggressive therapy, such as altered fractionation or use of concurrent systemic therapy.
However, this is only by virtue of node positivity and a similar relationship was not seen in

this study with adenopathy at other stations.

Regarding our univariate analysis, the finding that patients with pharyngeal and oral cavity
carcinomas suffered more dysphagia than those with laryngeal primaries has been
previously well documented.® Our finding that older patients were less likely to use FT is
consistent with that of Wopken et al but is inconsistent with other published studies.8 167: 168

We did not observe any effect of alcohol abuse on FT use, as seen by Frowen et al.6¢

The results of this study differ from several others in the duration of FT use for at least 25%
of dietary needs. The median duration was over two months and at six months, 17% percent
of patients were still using their FT. While earlier series have reported significantly higher
rates of prolonged FT use, many modern studies, that have included patients treated with

IMRT, have cited lower rates of long-term FT .63 66.67. 76,86, 153, 168

It is important to distinguish FT use from FT dependence. A proportion of patients in this
study who were using their FT at six months were also taking food and supplements orally.
Eighteen patients (13%) were using their FT for more than 75% of daily needs for more than
six months, which is consistent with recently published prophylactic cohorts, such as
Wopken et al (10.7%). Regardless of nutritional intervention, it is common for patients with
head and neck cancer to lose more than 10% of their bodyweight during and immediately
following therapy.*® 147 In many cases, an in situ gastrostomy tube provides a convenient
way to optimize patient nutrition, even when they are eating. These patients have already

avoided or suffered the potential complications associated with gastrostomy insertion, so it is
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not surprising that dieticians and nutritional counsellors sometimes encourage ongoing

nutritional supplementation in patients still eating.

In the short term, gastrostomies are more comfortable and convenient than nasogastric
tubes and have less negative impact on body image and family life.” For this reason, it is
not surprising that the medical literature almost universally reflects longer duration of FT use
with gastrostomy as opposed to reactive nasogastric tubes.’® 74 75175 |n reports where FT
use at six months is less than 5%, a nasogastric tube was inserted as a reaction to failure of
oral nutrition. It is not surprising that nasogastric tubes were not kept in-situ or repeatedly re-
inserted for the purpose of nutritional optimisation, given the poor acceptability of this FT on

body image psychosocial function. 66 67. 75, 176

Undoubtedly, long term FT dependence has a striking negative impact on many domains of
quality of life.*36: 177180 A considerable amount of published data suggests that patients with
prophylactic FT’s are less likely to maintain an oral, or partial oral, diet during RT and that
this can negatively affect short and long-term diet outcomes, as well as duration of FT
dependence.®” 181 182 Degpite the majority of reported studies showing higher FT use at six
months with prophylactic FT, Salas et al found no difference and Silander et al reported
lower rates of grade 3 dysphagia in patients with a prophylactic gastrostomy tube (2% vs

9%).69, 70

The high risk and duration of FT use in this study can also be explained by the high-risk
patients enrolled. All patients had bilateral neck irradiation, and gross disease was treated to
an equivalent dose of 70Gy. Many series have included patients who were treated with
ipsilateral and postoperative RT, who are not expected to use FTs routinely. In this series,
84 patients were treated with concurrent systemic therapy. This is known to increase acute
toxicity, including severe dysphagia, although it did not affect FT use in our series.® Whilst
concurrent chemotherapy did not retain significance following multivariable analyses, there
may be some co-linearity with both T- and N-classification and the role it plays in more

advanced disease.
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Tumors of the glottic larynx had low risk of FT dependence and were excluded from the
multivariable regression analyses. While earlier studies by Eisbruch, Caudell and Caglar
have shown the larynx to be an important RT avoidance structure, a recent study by Wopken
shows that patients with laryngeal primaries are the least likely to suffer FT dependence at
six months (OR 1.00 vs. 13.82 for oropharynx and 16.19 for hypopharynx; p<0.001).52 84. 86.
168,184 Treatment of salivary gland tumors is very rarely associated with dysphagia and

therefore, this patient cohort was not included in this study.

In this study, no patient had access to swallowing rehabilitation. A randomized controlled
trial reported by Carnaby-Mann et al. showed that swallowing exercises led to less
deterioration of swallowing muscles and functional swallowing ability during
chemoradiotherapy for head and neck cancers.??® Patients randomised to swallowing
exercises were more likely to maintain an oral diet and were less likely to use a FT.12°
Hutcheson et al. reported that adherence to swallowing exercises was similarly effective to
maintenance of an oral, or partial oral, diet during chemoradiotherapy for better long term
diet and shorter FT use.’®? The lack of swallowing exercises in this study may limit the ability
the applicability of our data to patients who are exercising. However, the complete absence
of swallowing exercises in this cohort, contributes to the uniformity of our data and possibly
the internal validity of our findings. Swallowing exercises have definite patient benefits, but
not all patients are adherent to prescribed swallowing exercises and many patients are

partially adherent, making these benefits difficult to quantify.20- 182

Furthermore, every effort was made to minimize patient pain, as analgesia has been
associated with a shorter duration of FT use.*® All patients were reviewed at least weekly
by a medical doctor to prescribe analgesia in a stepwise fashion: mouthwashes and anti-
thrush measures, simple analgesia (e.g. soluble paracetamol), local anaesthetic
mouthwashes (e.g. xylocaine and cocaine), and ultimately titration of opioids. Prophylactic
gabapentin was not administered, as it is not registered for this use in Australia, though it

has been associated with reduced FT use in a previously published study.3®
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This study possesses all the limitations inherent to a single-institution, retrospective analysis.
We are unable to provide data on patients’ functional swallowing ability, however, we are
able to accurately report on patients having oral, or partial oral, diet at various time points
due to comprehensive, prospectively recorded nutritional data. All of the patients were
treated by a single radiation oncologist, however, it must be acknowledged that these
patients were treated over eight years, a sufficient time period for even individual practice to
vary. All patients were treated in the FDG PET and IMRT era, without swallowing exercises.
This lends to uniformity in staging, volume delineation, and treatment delivery across the
cohort. This study proposes a simple and novel clinical risk stratification tool that warrants

prospective validation.

4.7 Conclusion

In patients with pharynx or supraglottic larynx cancers treated with definitive, bilateral IMRT,
with or without concurrent systemic therapy, two clinical risk factors, namely T-classification
3—4 and level 2 lymphadenopathy, can potentially stratify patients into four distinct risk
groups for developing severe dysphagia requiring FT use for at least 25% of their dietary
requirements. This stratification may be useful in the clinic prior to radiotherapy planning and
treatment so that patients at risk may have a FT inserted early prior to further nutritional

status deterioration.
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Table 5. Univariate analyses of prognostic factors for feeding tube use (Yes/No) and duration in 139
patients.

Prognostic factor Subgroup Feeding tube used* Days of feeding tube use*

Yes/Total % Pvaluet Median (95% CI) P valuet

Cancer site Pharynx or oral cavity 86/101 85% < 0.0001 89 (70 -120) <0.0001
Larynx, supraglottis 10/15 67% 16 (0-79)
Larynx, glottis 1/14 7% 0 (0-0)
Unknown primary 4/9 44% 0 (0-66)
Human papilloma virus (HPV) Negative 22/23 96% 0.13 163 (81-233) 0.004
(for 87 oropharynx/unknown 1°) Positive 35/46 76% 61 (31-90)
Unknown 13/18 72% 59 (0-77)
T stage X, 0 4/10 40%  0.0007 0 (0-66) <0.001
1 15/23 65% 50 (0-77)
2 31/47 66% 44 (7 -75)
3 34/40 85% 119 (79-173)
4 17/19 89% 150 (57 -262)
N stage 0 22/44 50%  0.0004 7 (0-59) 0.006
1 16/20 80% 75 (44 -120)
2 60/70 86% 86 (70-122)
3 3/5 60% 45 (0 —>295)
Bilateral neck node disease No 70/104 67%  0.016 59 (28 -75) 0.025
Yes 31/35 89% 118 (57 -170)
Retropharyngeal node disease No 93/131 71% 0.11 66 (50-79) 0.025
Yes 8/8 100% 153 (14 — >834)
Level 1 node disease No 85/120 71% 0.28 70 (57 -83) 0.58
Yes 16/19 84% 55 (18 —113)
Level 2 node disease No 36/62 58%  0.0010 37 (0-68) 0.0054
Yes 65/77 84% 83 (65-120)
Level 3 node disease No 72/107 67%  0.012 65 (31-79) 0.53

Yes 29/32 91% 86 (57 —136)



Level 4 node disease No
Yes

Level 5 node disease No
Yes

Concurrent chemotherapy No
Yes

Dysphagia or odynophagia No
Yes

Nutrition (PG-SGA) Well-nourished
(1 missing) Malnourished
Body Mass Index Underweight (<18.5)
(15 missing) Not underweight (=18.5)
Age on commencing RT < 65 years
> 65 years

ECOG Performance Status 0
1

2

Charlson Comorbidity Index 0
1

2

3,4,5

Tobacco smoking Never or minimal

(4 missing) Past
Current
Alcohol drinker Never or social
(5 missing) Past
Current

90/127

11/12

92/128

9/11

30/55

71/84

75/110

26/29

72/106

29/32

10/12

80/112

70/88

31/51

43/58

53/74

5/7

55/72

16/22

19/27

11/18

39/46

27/42

33/47

69/94

8/11

20/29

71%

92%

72%

82%

55%

85%

68%

90%

68%

91%

83%

71%

80%

61%

74%

2%

71%

76%

73%

70%

61%

85%

64%

70%

73%

73%

69%

0.18 68

124

0.73 70

58

0.0002 16

86

0.020 59

133

0.012 58

147

0.51 208

65

0.019 75

31

0.87 58

70

128

0.23 70

59

77

17

0.13 70

55

70

0.73 66

120

57

(49 - 79)
(45 — 393)
(49 - 81)
(0 - 393)
(0 - 59)
(75— 118)
(42 -77)
(70 — 200)
(42 - 75)
(77 - 211)
(81 — 479)
(45 - 77)
(58 — 90)
(0 - 106)
(35 - 79)
(50 — 116)
(0 — >303)
(45 — 101)
(10 - 108)
(16 — 170)
(0 - 136)
(50 — 101)
(0 - 90)
(42 — 128)
(44 - 90)
(0 - 200)

(14 - 77)

89

0.14

0.55

0.0048

0.009

0.001

0.002

0.74

0.17

0.85

0.53

0.46
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“Feeding tube use” means feeding tube was used for at least 25% of nutritional requirements.

Two-sided P value from Fisher exact test for difference between 2 subgroups, Pearson chi square test for
difference between 3 or more unordered subgroups, or Cochran-Armitage test for trend across 3 or more
ordered subgroups.

Two-sided P value from Mantel-Cox log rank test for differences between subgroups or Tarone-Ware test for

trend across 3 or more ordered subgroups.



Table 6. Final multivariable models for feeding tube use (Yes/No) and duration (n = 116)*

Feeding tube use (exact logistic regression with conditional maximum likelihood inference) t

Factor Reference Level B s.ep
T stage TO-T2 T3-T4 1.867 0-633
Level 2 nodes No Yes 1.640  0-559

Duration of feeding tube use (Cox proportional hazards regression)

Factor Reference Level B s.e.p
T stage TO-T2 T3-T4 -1.388 0-230
Level 2 nodes No Yes -0.795  0-205

Odds ratio Exact
OR 95% Cl P value
6.47 1.73-31.4 0-0018
5.15 1-56-19.0 0-0030
Recovery ratio Exact
RR 95% Cl P value
0.25 0.16-0.39 <0-0001
0.45 0.30-0.67 0-0001

*  “Feeding tube use” means feeding tube was used for at least 25% of nutritional requirements.

T B = coefficient for each Level relative to the Reference category, based on 116 patients with cancers of

pharynx, oral cavity or supraglottis. s.e.s = estimated standard error of . OR or RR = ef. 95% Cl = 95%

confidence interval for the OR or RR = eB + 196 (s.e.),

¥ Other factors which were not significant when added individually to the models were: body mass index

(<18.5 vs 218.5), nutrition (PG-SGA mal-nourished vs well nourished), dysphagia (Yes vs No), cancer

(pharynx/oral cavity vs supraglottic larynx), human papilloma virus status (positive/unknown vs negative), N

stage (N1-3 vs NO), bilateral neck nodes (Yes vs No), and planned concurrent chemotherapy. When added

individually to the above models, the P values for these factors were all >0.3 for incidence and >0.1 for

duration of feeding tube use.



Table 7. Prognostic groups based on T stage and Level 2 lymphadenopathy: data from 116
patients with cancers of pharynx, oral cavity or supraglottis.

Feeding tube used* Days of feeding tube use*

Group T stage Level 2 nodal disease Yes/Total % (95% CI) Median (95% ClI)

1 T0-2 No 10/20 50% (27 -73) 7 (0-59)

2 Yes 36/42 86% (70— 95) 75 (56 —90)

3 T34 No 24/27 89% (71-98) 108 (68 —173)
4 Yes 26/27 96% (81 - 100) 170 (113 - 295)
All pharynx, oral cavity, supraglottis patients 96/116 83% (75-389) 79 (68 —106)

* “Feeding tube use” means feeding tube was used for at least 25% of nutritional requirements.

92
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Figure 1. Duration of feeding tube use for at least 25% of nutritional requirements for all
139 patients.  Kaplan-Meier analysis.
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Figure 2. Duration of feeding tube use for at least 25% of nutritional requirements by
primary cancer site. Kaplan-Meier analysis, 139 patients.

100

801

Estimated % still using feeding tube

Pharynx/Oral cavity
Supraglottis
Unknown primary
Larynx (NOS)

P < 0.0001

0 : i
0 3
Number at risk
Pharyn¥OC 101 48
Supraglotis 15 3

Unknown 9
Larynx (NOS) 14

9

12

15

18 21 24

6
Months of feeding tube use for at least 25% of diet

.
1

22

.1
0
1

"
1

1

oo AW

OO A~

oo o
o o o N
oo o N

94



Figure 3 . Duration of feeding tube use for at least 25% of nutritional requirements by
prognostic group according to T-stage and level 2 lymphadenopathy. Kaplan-
Meier analysis, 116 patients with pharynx, oral cavity or supraglottis cancers.
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5.1 Preface

This chapter represents the manuscript that has been submitted for peer review at Oral

Oncology in June 2019 (currently under review).

The study presented in Chapter 4 discovered two critical clinical variables- T-classification
and level 2 lymphadenopathy- to enable risk stratification of feeding tube use in radically
treated HNC patients. Level 2, in particular, was a novel finding, that had not previously been
reported. The theme of this Chapter 5 was to investigate dosimetric predictors, in addition to
the previously investigated clinical predictors of feeding tube, to ascertain whether additional
dosimetric data could be used to further risk stratify feeding tube use. Although this detalil
was not known at the multidisciplinary tumour board, as it was derived after radiotherapy
planning, there remained am opportunity to better understand the needs of this patient

cohort with respect to feeding tube use.

As detailed prior to Chapter 4, being able to predict for likelihood and duration of feeding

tube use has multiple benefits for both the patient and heath service provider.
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5.2 Abstract

Background: To identify organs to which dose limitation using IMRT can potentially modify
the incidence and duration of feeding tube use, during and immediately following therapy for

HNC.

Methods: One hundred and fourteen patients treated with definitive IMRT (+/- concurrent
chemotherapy) for head and neck mucosal cancers were included. Patients were
recommended a prophylactic FT and followed up by a dietician for at least eight weeks post-
radiotherapy. Salivary and swallowing organs were delineated for each patient. Tumor and
dosimetric variables were recorded for all patients and analysed for incidence and duration

of FT use for at least 25% of dietary requirements.

Results: Multivariate analysis showed T-classification = 3 and level Il lymphadenopathy as
independent significant predictors of incidence and duration of feeding tube use in oral
cavity, pharyngeal and supraglottic primaries. Mean dose deposited in the cervical
esophagus over 36Gy further increased the incidence and duration of feeding tube use.
Mean dose deposited in the base of tongue and superior pharyngeal constrictor muscles

affected incidence and duration of feeding tube use, respectively.

Conclusions: In patients treated with definitive IMRT, T-classification and Level Il
lymphadenopathy, combined with a mean cervical esophagus dose over 36Gy can stratify
patients into eight distinct risk groups for using feeding tubes for at least 25% of their dietary

requirements.
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5.3 Introduction

Intensity modulated radiotherapy (IMRT) is a radiotherapy (RT) technique that can be used
to intentionally spare normal structures essential to alimentation.3% 43 52 84,168, 177, 185-187
Reducing dose deposition in these organs may lessen RT-induced swallowing difficulties
during head and neck RT. Enteral feeding via a feeding tube (FT) is a method of providing
patient nutrition during and immediately following RT in as many as 80% of patients who are
unable to maintain a sufficient oral diet.1>>%” While FT’s are a convenient way to optimize
patient nutrition and impact positively on patients’ short-term quality of lifg8® 70 75. 188
gastrostomy tubes can be associated with severe short and long-term complications.®” 75 159
182 Hence, patient selection is crucial to insert gastrostomy tubes in only patients whom are

likely to benefit, while sparing a larger population the risk of harm.

We have previously described a risk assessment tool for identifying patients needing FT'’s for
more than 25% of their nutritional requirements. This tool stratifies patients into four risk
groups based on two clinical variables: T-classification®® (TC) and presence of cervical level
Il adenopathy (LTA).1®® While these disease-related variables are not modifiable, the risk of
FT-use may be modifiable by constraining dose deposited in nominated aerodigestive and
salivary structures. The purpose of this study was to identify organs to which dose limitation
using IMRT can potentially modify the incidence and duration of FT-use, during and

immediately following therapy for HNC.

5.4 Methods and Materials

5.4.1 Patients

Following Institutional Ethics Committee approval, the patient population was retrospectively
accrued from the institution’s radiation oncology database. To be eligible, patients were
required to receive primary, definitive IMRT (with or without concurrent systemic treatment)
for mucosal cancers of the head and neck. Patients with stage 11-1VB disease were included.

Patients were excluded if they underwent therapeutic surgery to the primary site or neck
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dissection prior to commencing RT. Patients were required to have been offered a
prophylactic FT prior to treatment, as per departmental policy, which consist of laryngeal and
pharyngeal tumors planned to receive 264Gy with bilateral nodal irradiation or having a pre-

existing nutritional deficiency. All patients had nutritional assessment and follow-up.

5.4.2 RT planning and treatment

Target volumes were delineated by one radiation oncologist. Pre-treatment evaluation,
planning, and delivery have been described previously. The elective (prophylactic) nodes
were defined according to consensus guidelines.®° All patients received bilateral, elective
irradiation of levels Il to IV nodes. Patients with oropharynx or nasopharynx cancers had
bilateral, elective irradiation of level IB nodes. In patients with oropharynx or hypopharynx
cancers, elective irradiation of ipsilateral level V nodes and the retrostyloid space was
delivered to clinically node positive hemi-necks. In patients with cancer of the nasopharynx,
bilateral retrostyloid space lymph nodes were treated to an elective dose. All TO patients in
this cohort were treated electively to bilateral nodal basins, including level IB, while bilateral

tonsils and base of tongue (BOT) were treated as high-risk clinical target volume (CTV).

Clinically and radiologically involved nodes were contoured individually. The prescribed
doses were planned with a simultaneous integrated boost to a gross tumor volume (GTV),
high-risk CTV and low-risk CTV. Dose to GTV (66—70Gy), high-risk CTV (63Gy) and elective
CTV (56Gy) was planned at five fractions per week over six to seven weeks. Medically fit
patients were considered for concurrent systemic therapy based on disease stage and

comorbidities.

Swallowing organs at risk (SWOARSs) were delineated on each of the included patients by
four investigators, as per the University of Groningen, CT-based delineation guidelines for
radiation induced swallowing dysfunction.®® Contoured SWOARs were the superior (SPCM),
middle (MPCM) and inferior (IPCM) pharyngeal constrictor muscles, cricopharyngeal muscle

(CP), esophagus inlet muscles (El), cervical esophagus (CE), BOT, supraglottic larynx
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(SGL) and glottic larynx (GL). Additionally, bilateral parotid glands and bilateral
submandibular glands (SMGs) were delineated as recognition of their pertinent role in
salivary production. An extended oral cavity (OC) was delineated as per Eisbruch et al***

and the BOT was excluded from this structure for analysis.

5.4.3 Nutritional Assessment and Follow-Up

All patients had a complete pre-therapy consultation with a dietician followed by weekly
nutritional reviews while on therapy. Following therapy, dietetic review, whether by phone or
in person, was conducted at least every two weeks following therapy until cessation of

enteral feeding.

Adequacy of Enteral Intake (AEI) was recorded at each review using the scale: AEI 0 = 0—
24%, AEl 1 = 25-49%, AEI 2 = 50-74% and AEI 3 = 75-100% of daily nutritional needs. All

patients were followed until their AEI was less than 1.

Speech pathology services were offered to all patients with oropharyngeal dysphagia to
minimize aspiration and malnutrition risk. Videofluoroscopy and Fibreoptic Endoscopic
Evaluation of swallowing were available for at-risk patients. Swallowing rehabilitation was not

available to this patient cohort.

5.4.4 Statistical Analyses

Dosimetric parameters underwent univariate analysis, where values were subdivided into
approximate quartiles to the nearest Gy. Potential patient and tumor related prognostic
variables were subdivided according to previously reported cut-off points.'®® To explore the
risk of FT-use (Yes or No) we used the Fisher exact test if there were only two subgroups
(e.g. combined parotid gland mean dose < or > 25 Gy). For analysis of duration of FT-use,
Kaplan-Meier analysis was carried out and subgroups were compared using the Mantel-Cox

log rank test for differences or the Tarone-Ware test for trend.

Outcomes measured were 1) the risk of FT-use for at least 25% of nutritional requirements
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(AEl = 1) and 2) the duration of such use measured in days from the first date the AEI was

recorded at 1 or higher to the date when it dropped to AEI O or the tube was removed.

As all patients were followed up to cessation of AEI = 1 tube-feeding, no durations were
censored. All P values reported were two-sided and 95% confidence intervals (CI) were
calculated. The significance criterion was P < 0.05 for previously reported prognostic factors

or P < 0.005 for new prognostic factors (to adjust for multiple hypotheses).

Prognostic factors which were found to have a significant effect on the use of FT (Yes or No)
and duration of FT-use for 225% of diet in the univariate analyses were tested in
multivariable models to find the smallest number of independent prognostic factors.
Swallowing structures that were included in the multivariate model were dose dichotomized
at the approximate median values for these patients, except for the combined parotid glands,
where the QUANTEC dose constraints (dose mean of combined bilateral parotid glands)
were used as the point of dichotomization instead (refer to Table 9 for values). For risk of
FT-use, exact logistic regression with conditional maximum likelihood inference was used for
the multivariable analyses with P values obtained from the exact conditional scores test. For
duration of FT-use, Cox proportional hazards regression was used and the exponentials of

the coefficients (ef) from the final model were interpreted as “Recovery rate ratios”.

Both backwards and forwards stepwise regression was performed, and variables were

retained in the model if the P value was < 0.05.

5.5 Results

Between January 2007 and December 2013, 114 eligible, consecutive patients were treated
with radical intent IMRT. Their median age at commencement of RT was 61 years (Range:
20 - 91) and 78% were male. The most common cancer site was oropharynx (60 patients,
53%). The other primary sites were nasopharynx (15, 13%), supraglottis (13, 11.5%), glottic

larynx (14, 12.5%), hypopharynx (4, 3.5%), oral cavity, (2, 1.5%) and unknown primary (6,
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5%). Twenty-nine of the 60 oropharynx patients (48%) had known HPYV positive disease.
Sixty-eight patients received concurrent systemic therapy (59.6%): 65 patients (57%)
received cisplatin (100mg/m?three weekly), and three patients (2.6%) received weekly
cetuximab. The previously reported univariate analysis of patient demographic and tumor

characteristics can be found in Table 5 (in Chapter 4).

5.5.1 Univariate analyses

Results of the univariate analysis on all 114 patients are shown in Table 8. Increasing size
of tumor and target volumes were significantly associated for both incidence and duration of
feeding tube use. The incidence and duration of FT-use was associated with increasing dose
to the OC (D2% and D50%), SPCM (D2% and D50%), MPCM (D2% and D50%), combined
parotid glands (Dmean), and combined SMGs (Dmean). Increasing dose to the CP (D2%
and D50%) and GL (D2% and D50%) were significantly associated with an increased
incidence of FT-use. El (D50%), CE (D50%) and BOT (D50%) were significantly associated
with a longer duration of FT-use. There were no significant associations between the

incidence or duration of tube-feeding and dose to IPCM and SGL.

5.5.2 Multivariable analyses
Ninety-four patients with dosimetry/tumor volume data and cancers in the pharynx, oral
cavity or supraglottis were included for multivariable analyses for risk and duration of FT-use

for at least 25% of dietary needs.

As per our previous study, cancer site was a significant prognostic factor, therefore, six
patients with unknown primaries were excluded from the multivariable analyses.
Furthermore, only one of the fourteen patients with glottic larynx cancer needed to use a FT,
so these 14 patients were considered to be very low-risk and also excluded from the

multivariable analyses.

Our previous study found both TC (T3-4) and LTA to be strongly associated with risk and

duration of FT-use.'®® Additional tumor volume and dosimetric prognostic factors found to be
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significant for risk/and or duration of FT-use at univariate analysis were tested in this

multivariable analysis, alongside TC and LTA.

In the final models, TC (T3-4) (p= 0.0099), CE D50% (P=0.0002) and BOT D50% (p=0.022)
were significant predictors of risk of FT-use. LTA was of borderline significance (p= 0.051)
in the multivariable model once BOT D50% was included, although it was highly significant
(P=0.0032) without BOT D50% in the model. This indicates partial confounding between
LTA and median dose to the BOT. TC (T3-4) (P < 0.0001), LTA (P=0.0040), CE D50%
(P=0.0002) and SPCM (p=0.0089) were significant predictors of duration of FT-use (Table
9). Figure 4 displays the observed duration of FT-use when CE D50% is above or below the
median of 36Gy. A mean dose of at least 25Gy to the combined parotid glands was of
borderline significance when added to this model (P= 0.048) but it was partly confounded
with LTA and the median dose to the SPCM, increasing their P values to 0.026 and 0.018
respectively. It added to the complexity of the model while it increased the likelihood ratio by

only 1.7, which was insufficient to justify its inclusion.

Several of the raw dosimetry variables were moderately correlated with each other,
particularly SPCM D50% and OC D50% (r = 0.74), BOT D50% and OC D50% (r = 0.64), and
BOT D50% and SPCM D50% (r = 0.62), so the inclusion of one of a pair in the model made
the other factor non-significant. The CE was correlated with EI D50% (r = 0.67), but not with

SPCM D50 (r = -0.09), OC D50% (r = -0.10) or BOT D50% (r = -0.11).

The recovery rate of a patient with cancer of the supraglottis, pharynx or oral cavity with T3—
4 disease, LTA, CE D50 > 36Gy and SPCM D50 > 64Gy is estimated to be g1:248-0702-0.834-
0.600 = -3-384 = 0, 034 times the recovery rate of a patient with TC T1-2, no LTA and lower

median doses to the CE and SPCM (Table 9).

None of the other factors, which were significant in the univariate analyses were statistically
significant in the multivariable analyses, after taking into account advanced TC and presence

of LTA.
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The outcomes observed for patients in eight prognostic groups derived from the first three
prognostic factors (TC, LTA and CE D50%) are shown in Table 10 and were used to
generate FT prognostic groups like those generated from both TC and LTA in our previous
study. While SPCM was a significant prognostic factor for duration of feeding, incorporating
this as an additional factor would result in 16 prognostic groups with very small numbers of

patients, providing unreliable estimates.

5.6 Discussion

Our group has previously published a risk stratification model for FT-use, based on clinical
TC and presence of metastatic LTA.®® This model stratified patients into four distinct risk
groups. Through further analysis of RT dosimetry to SWOARS, the OC, and parotid and
submandibular salivary glands, we have developed three models to further stratify risk of FT-
use. The overarching model in this study produces eight main prognostic groups for both
the incidence, for more than 48 hours, and duration of FT-use. This model includes the two
above clinical values and the mean dose to the CE. Two more sophisticated models are
presented for both FT-use and duration. Both include TC, LTA, and mean dose to CE. The
additional variables of mean dose to BOT and SPCM are significant for FT-use and duration,

respectively. This is shown diagrammatically in Figure 5.

The CE, like other SWOARS, is intimately associated with the physical passage of food in
deglutition. An association with poorer swallowing outcomes with increasing dose to this
organ has been described previously.1®® This current study shows a significant impact of a
mean dose exceeding 36Gy on both incidence and duration of FT-use on patients already
stratified by TC and LTA. While this impact was most pronounced in the lower risk patients
for FT incidence, the median (range) FT duration for patients with advanced TC, LTA
present, and mean dose to CE over 36Gy was 170 (113 — 479) days compared to 101 (55 -
393) days in similar patients with CE mean doses of 36Gy or less. While this association,
obtained from retrospective data, does not prove causality, it represents a promising variable

for future, prospective studies. Limiting dose to the CE is particularly appealing, as the
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majority of patients in this study (53%), and in contemporary western cohorts%?, were
treated for oropharyngeal cancers. Modern helical IMRT techniques should easily be able to
achieve doses well under 36Gy, without compromising target coverage, in the majority of

these patients.

The BOT is a SWOAR that a considerable amount of HNC primaries arise from, or directly
invade.®® Increasing dose to this organ has been associated with poor swallowing
outcomes.!®® In this cohort, patients who received a mean dose of over 61Gy to their BOT
were more likely to use a FT than those who received lower doses, and this effect was
additive to the TC, LTA and CE mean dose. Not surprisingly, a partial confounding effect
was seen between BOT dose and LTA. The P-value for FT-use associated with LTA rose
from 0.0032 to 0.05 with the addition of BOT dose. As previously described, there are both

anatomical and disease-related reasons for this confounding effect.% 190. 193

Prospective evaluation of the impact of dose limitation to the BOT would not be as
straightforward as it would be for CE. Tumors arise in the BOT and invade into it from other
sites and the BOT possesses rich lymphatics. Despite ongoing advances, many radiation
oncologists doubt the sensitivity of three dimensional and molecular imaging for detecting
the full extent of disease spread in this region. Treatment failure in the BOT portends a poor
prognosis and surgical salvage has traditionally been difficult and debilitating'®*. For these
reasons, many clinicians would likely be reluctant to reduce margins around gross disease in

the BOT in pursuit of a swallowing outcome.

The model for FT duration in this manuscript incorporates TC, LTA, CE mean dose and
mean dose to the SPCM above 64Gy. Like BOT, SPCM dose is also partially confounded
by LTA, albeit to a lesser degree. Similar anatomical and disease related (tonsillar and BOT
primaries tend to metastasize to level 1) mechanisms for this interaction likely hold. In this
model, we also see partial confounding with mean parotid gland dose. This makes intuitive
sense based on the above reasoning, as parotid glands sit immediately lateral to level 11.15°

Prospective evaluation of dose limitation to the SPCM would be difficult in patients with
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tonsillar primaries, particularly with advancing TC. This may be more appropriate for
patients with BOT and other non-tonsillar primaries. Conversely, BOT is a more appealing

avoidance structure in patients with tonsillar primaries.

SMGs produce 65-90% of mucin rich saliva and 95% of salivary flow during a 24-hour
period.”* Studies have shown that a mean dose of less than 39Gy to SMGs results in both
patient and observer reported xerostomia.l’* Wopken et al have observed a significant
increase in 6-month FT dependence with every increasing Gy of mean dose to the ipsilateral
(OR 1.13; p<0.001) and contralateral SMG (OR 1.10; p<0.001).%8 Our univariate analysis
showed increasing incidence and duration of FT-use with increasing mean dose to SMGs
over 61Gy. In this patient cohort, bilateral level IB nodal regions were electively irradiated in
all patients with naso or oropharyngeal primaries, and SMGs are contained in this region.¢®
This has led to universally higher SMG doses in this study compared to other cohorts with
selective 1B omission. This higher overall dose likely contributes to the non-significance of
SMG dose in our multivariate models. There is ample retrospective data supporting the
safety of submandibular sparing techniques!’* 195197 and this should be pursued where

appropriate.

In our univariate analysis, limiting the mean dose to bilateral parotid glands to under 25Gy
was associated with reduced incidence and duration of FT-use. This is consistent with
previously published data.'®® Other studies have shown that mean dose to the contralateral
parotid gland alone is associated with xerostomia and use of FT, six months following RT.168
174 1t is well known that avoiding the irradiation of parotid glands can reduce the incidence
and severity of xerostomial®® 172174 and as such is already a priority in IMRT plans

worldwide.

This study reports on two dependent variables, the incidence and duration of FT-use.
Regarding incidence, 70% of patients with early TC, with no LTA and a low mean CE dose
were able to avoid any tube-feeding. This represents a truly low-risk population and this risk

is lower still in patients with low mean BOT dose. These findings may have implications for
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resource allocation, certainly with regards to avoiding gastrostomy tubes, and perhaps

regarding less intensive speech therapy and dietetic support.

The duration of FT-use is a particularly valuable endpoint with regards to selecting patients
who may benefit from a prophylactic gastrostomy. Substantial controversy exists as to
whether HNC patients are best managed via reactive or prophylactic FTs®, and a thorough
discussion of same is beyond the scope of this manuscript. However, even departments
that adhere to strict reactive FT protocols insert prophylactic tubes in a subset of high-risk
patients, and, conversely, departments with policies of liberal, prophylactic FT-use will
choose to spare a low-risk subset of patients from undergoing the insertion procedure. All
patients in this study were recommended a prophylactic FT and this potentially affected the
overall duration of FT-use seen. Many studies have previously shown higher FT-use at six
months with prophylactic use of a FT.” 76175 However, Salas et al found no difference
between reactive and prophylactic FT and Silander et al reported lower rates of grade 3

dysphagia in patients with a prophylactic gastrostomy tube (2% vs 9%).5% 7°

In this study, no patient had access to swallowing rehabilitation. A randomized controlled
trial has shown that swallowing exercises led to less deterioration of swallowing muscles and
functional swallowing ability during chemoradiotherapy for HNC.?2° Patients randomized to
swallowing exercises were more likely to maintain an oral diet and were less likely to use a
FT.12° Adherence to swallowing exercises can improve maintenance of an oral, or partial
oral, diet during chemoradiotherapy. This appears to be associated with better long-term diet
and shorter FT-use.'®? The lack of swallowing exercises in this study may limit the
applicability of our data to patients who are performing swallowing exercises. However, the
complete absence of these exercises in this cohort contributes to the uniformity of our data
and possibly adds to the internal validity of our findings. Swallowing exercises have definite
patient benefits, but not all patients are adherent to prescribed swallowing exercises and

many patients are partially adherent, making these benefits difficult to quantify.2% 182

This study possesses all the limitations inherent to a single-institution, retrospective analysis.
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We are unable to provide data on patients’ functional swallowing ability; however, we were
able to accurately report on patients having oral, or partial oral diet at various time points due
to comprehensive, prospectively recorded nutritional data. All patients were treated by a
single radiation oncologist; however, it must be acknowledged that these patients were
treated over seven years, a sufficient time period for individual practice to vary. All patients
were treated in the FDG-PET and IMRT era. This lends to uniformity in staging, volume
delineation and treatment delivery across the cohort. This study expands upon a simple and
novel clinical risk stratification tool and identifies the CE, BOT and SPCM as avoidance

structures for further prospective study.

5.7 Conclusion

In patients with pharynx or supraglottic larynx cancers treated with definitive, bilateral IMRT,
with or without concurrent systemic therapy, two clinical risk factors, namely T-classification
(T3-4) and level Il ymphadenopathy, combined with a mean cervical esophagus dose over
36Gy, can potentially stratify patients into eight distinct risk groups for using feeding tubes
for at least 25% of their dietary requirements. This stratification may be useful in the clinic
prior to commencing radiotherapy, so that patients at risk may have a FT inserted early prior
to further nutritional status deterioration. Prospective studies on dose limitation to the
cervical esophagus, base of tongue and superior pharyngeal constrictor muscles are

warranted.
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Table 8. Univariate analyses of additional prognostic factors for feeding tube use (Yes/No) and
duration, following radiotherapy planning.

Prognostic factor Subgroup Feeding tube used* Days of feeding tube use*

Yes/Total % Pvaluet Median (95% CI) P valuet

Cranio-caudal Length of PTV High <6.5cm 18/41 44% <0.0001 0 (0-28) <0.0001
>6-8cm 23/31 74% 79 (14-130)
>8-11cm 35/38 92% 112 (75-157)
>11lcm 25/29 86% 81 (55-149)
GTV Primary <10cc 15/40 38% <0.0001 0 (0-16) <0.0001
>10-20cc 26/34 76% 58 (35-79)
>20-40cc 28/32 88% 86 (70-120)
>40cc 32/33 97% 170 (118-233)
GTV Nodes Occ 24/46 52%  0.0019 15 (0-59) 0.017
>0—10cc 19/24 79% 113 (44 -161)
>10-30cc 33/37 89% 77 (64 —90)
>30cm 25/32 78% 78 (44 — 149)
GTV Total < 20cc 15/40 38% <0.0001 0 (0-16) <0.0001
>20-40cc 23/28 82% 69 (35-101)
>40-70cc 36/40 90% 90 (75-130)
>70cm 27/31 87% 149 (57 —204)
Oral Cavity (D2%) < 54Gy 10/26 38% <0.0001 0 (0-68) <0.0001
>54-70Gy 17/28 61% 51 (0-77)
>70-74Gy 30/34 88% 79 (50-120)
>74Gy 25/25 100% 136 (77-182)
Oral Cavity (D50%) < 27Gy 12/28 43% <0.0001 0 (0-42)  <0.0001
>27-37Gy 19/29 66% 58 (0-70)
>37-51Gy 24/28 86% 92 (57 —163)
>51Gy 27/28 96% 129 (90 - 204)
SPCM (D2%) < 65Gy 9/29 31% <0.0001 0 (0-0) <0.0001

>65-72Gy 20/25 80% 70 (57 -101)
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>72-75Gy 2224 92% 60 (35— 105)
>75Gy 32/35 91% 130 (90 —182)
SPCM (D50%) < 52Gy 10/26 38% <0.0001 0 (0-58)  <0.0001
>52-64Gy 24/34 71% 47 (11-70)
>64-69Gy 21/24 88% 90 (57 — 120)
>69Gy 28/29 97% 149 (101 — 200)
MPCM (D2%) < 67Gy 13/28 46% <0.0001 0 (0-70) 0.0001
>67-71Gy 17/25 68% 66 (0 — 106)
>71-74Gy 28/36 78% 64.5 (44-97)
>74Gy 25/25 100% 161 (90 — 204)
MPCM (D50%) < 56Gy 12/25 48% <0.0001 0 (0-105)  0.024
>56-62Gy 21/33 64% 70 (0-101)
>62-68Gy 26/31 84% 68 (35— 125)
>68Gy 24/25 96% 79 (59 — 233)
IPCM (D2%) < 58Gy 19/26 73%  0.55 89 (18-120) 0.15
>58-64Gy 25/31 81% 75 (55— 125)
>64-71Gy 17/26 65% 33 (0-65)
>71Gy 22/31 71% 77 (14 -170)
IPCM (D50%) < 44Gy 21/28 75% 0.11 70 (10-106) 0.86
>44-51Gy 26/29 90% 77 (58 —113)
>51-66Gy 20/32 63% 62 (0-118)
>66Gy 16/25 64% 42 (0 - 108)
CPM (D2%) < 52Gy 22/27 81%  0.012 77 (49-106) 0.56
>52-57Gy 25/31 81% 81 (45-122)
>57-66Gy 22/28 79% 725 (31— 149)
>66Gy 13/26 50% 8 (0-108)
CPM (D50%) < 38Gy 23/29 79%  0.009 66 (35-101) 0.065
>38-43Gy 20/24 83% 76 (45-113)
>43-57Gy 27/32 84% 92 (57 - 157)

>57Gy 12127 44% 0 (0-68)



EIM (D2%)

EIM (D50%)

CE (D2%)

CE (D50%)

BOT (D2%)

BOT (D50%)

SGL (D2%)

SGL (D50%)

< 45Gy
>45-51Gy
>51-57Gy
>57Gy
< 35Gy
>35-41Gy
>41-48Gy
>48Gy
< 43Gy
>43-49Gy
>49-55Gy
>55Gy
< 28Gy
>28-36Gy
>36-42Gy
>42Gy
< 64Gy
>64-71Gy
>71-74Gy
>74Gy
< 46Gy
>46-61Gy
>61-79Gy
>79Gy
< 66Gy
>66—71Gy
>71-73Gy
>73Gy
< 45Gy

>45-56Gy

21/28

22/26

25/31

15/29

18/28

24/31

23/26

18/29

17/28

23/30

25/29

18/27

17/30

20/28

26/29

20/27

9/28

22/29

21/24

31/33

11/28

17/27

30/33

25/26

20/27

19/29

19/23

25/34

18/27

27/30

75%

85%

81%

52%

64%

7%

88%

62%

61%

7%

86%

67%

57%

71%

90%

74%

32%

76%

88%

94%

39%

63%

91%

96%

74%

66%

83%

74%

67%

90%

0.060 68

81

77

16

>0.99 52

65

123

57

0.51 17

77

77

77

0.060 16

62

101

77

0.51 0

68

94.5

105

0.060 0

45

101

101

0.78 70

59

90

66

0.63 77

82

(10 - 101)
(58 — 161)
(44 — 157)
(0 -70)
(0-97)
(18 - 83)
(68 — 177)
(0-133)
(0 - 90)
(44 — 130)
(57 - 113)
(0-133)
(0 - 70)
(7-97)
(77 - 130)
(16 — 149)
0 - 42)
(16 — 81)
(50 — 125)
(59 — 182)
(0 - 58)
©0-77)
(70 — 136)
(55 — 200)
(35 -113)
(0-79)
(57 — 120)
(31 - 130)
(0 - 120)

(65 — 116)

0.10

0.042

0.18

0.039

0.18

0.039

0.43

0.77

112



GL (D2%)

GL (D50%)

Both Parotids (Dmean)

Both SMGs (Dmean)

>56-68Gy
>68Gy
< 48Gy
>48-54Gy
>54-71Gy
>71Gy
< 34Gy
>34-41Gy
>41-66Gy
>66Gy
< 25Gy
225Gy
<61Gy
>61-64Gy
>64-67Gy

>67Gy

19/28 68%

19/28 68%

24/30 80%

24/26 92%

19/30 63%

16/28 57%

27/132 84%

22/27 81%

21/27 78%

13/28 46%

22/33 67%

55/59 93%

11/19 58%

16/21 76%

18/18 100%

15/16 94%

0.011

0.0016

0.0021

0.0013

53.5

45.5

77

94

63.5

16

80

75

77

35

113

16

70

89

202

113

(0-122)

(0 -108)
(44-101) 0.37
(58 — 150)
(0-113)

(0 - 108)
(35-106) 0.42
(57 — 118)
(59 — 128)
(0 - 106)
(0-70)  <0.0001
(79 — 150)
(0-106)  0.0003
(11-79)
(57 — 149)

(77 - 451)

Abbreviations: SPCM, superior pharyngeal constrictor muscle; MPCM, middle pharyngeal constrictor muscle; IPCM,

inferior pharyngeal constrictor muscle; CPM. crycopharyngeal muscle; EIM, esophageal inlet muscle; CE, cervical

esophagus; BOT, base of tongue; SGL, supraglottic larynx; GL, glottic larynx; SMG, submandibular gland.

*  “Feeding tube use” means feeding tube was used for at least 25% of nutritional requirements.

T Two-sided P value from Fisher exact test for difference between 2 subgroups, Pearson chi square test for

difference between 3 or more unordered subgroups, or Cochran-Armitage test for trend across 3 or more ordered

subgroups.

+  Two-sided P value from Mantel-Cox log rank test for differences between subgroups or Tarone-Ware test for trend

across 3 or more ordered subgroups.
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Table 9. Final multivariable models for feeding tube use” (Yes/No) and duration (n = 94) after planning CT
(i.e. including GTV, PTV and dosimetric variables)

Feeding tube use (exact logistic regression with conditional maximum likelihood inference)

Odds ratio Exact
Factor Reference Level B s.ep OR 95% ClI P value
T stage T1-T2 T3-T4 2.314 0-925 10.1 1.4-124.4 0-0099
Level 2 nodes No Yes 1.707 0-866 55 0.8-51.4 0-051#
CE D50 < 36Gy > 36Gy 3.466 1.162 32.0 3.3-1811.0 0-0002
BOT D50 <61Gy > 61Gy 1.930 0-810 6.9 1.2-55.0 0-022#
Duration of feeding tube use (Cox proportional hazards regression) T
Recovery ratio Exact
Factor Reference Level B s.e.p RR 95% CI P value
T stage T1-T2 T3-T4 -1.248 0-258 0.287 0.17-0.48 <0-0001
Level 2 nodes No Yes -0.702  0-244 0.495 0.31-0.80 0-0040
CE D50 < 36Gy > 36Gy -0.834 0.222 0.434 0.28-0.67 0-0002
SPCM D50 <61Gy > 61Gy -0.600  0-229 0.549 0.35-0.86 0-0089

Abbreviations: CE, cervical esophagus; BOT, base of tongue; SPCM, superior pharyngeal constrictor muscle

*  “Feeding tube use” means feeding tube was used for at least 25% of nutritional requirements.

# Level 2 nodal involvement was of borderline significance (P = 0.051) once BOT D50 was included. However, it was
highly significant (P = 0.0032) without BOT D50 in the model. This indicates partial confounding between Level 2
nodes and median dose to the base of the tongue.

T B = coefficient for each Level relative to the Reference category, based on 116 patients with cancers of pharynx,
oral cavity or supraglottic larynx. s.e.g = estimated standard error of . OR or RR = ef. 95% CI = 95% confidence
interval for the OR or RR = gB 196 (se.p),

+ Other factors which were not significant when added individually to the models were: body mass index (<18.5 vs
=18.5), nutrition (PG-SGA mal-nourished vs well nourished), dysphagia (Yes vs No), cancer (pharynx/oral cavity vs
supraglottic larynx), human papilloma virus status (positive/unknown vs negative), N stage (N1-3 vs NO), bilateral

neck nodes (Yes vs No), planned concurrent chemotherapy, PTV length (<8cm vs >8cm), GTV primary size
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(£20cc vs >20cc), GTV nodal size (< 10cc vs > 10cc), GTV total size (<40cc vs >40cc), oral cavity D50 (£37Gy vs
>37Gy), superior PCM D50 (£64Gy vs >64Gy), middle PCM D50 (<62Gy vs >62Gy), esophageal inlet muscle D50
(=41Gy vs >41Gy), both parotids Dmean (<25Gy vs 220Gy) and both submandibular gland Dmean (<64Gy vs
>64Gy). When added individually to the above models, the P values for these factors were all >0.1 for incidence

and >0.1 for duration of feeding tube use.



Table 10.

feeding

T stage
T1-2

T3-4

All supraglottic/pharynx/OC patients with dosimetry

116

Prognostic groups based on T stage and Level 2 lymphadenopathy: data from
94 patients with cancers of pharynx, oral cavity or supraglottis.

Level 2 nodes CE D50

No < 36 Gy
> 36 Gy
Yes < 36 Gy
> 36 Gy
No < 36 Gy
> 36 Gy
Yes < 36 Gy
> 36 Gy

Abbreviations: CE, cervical esophagus

Yes/Total
3/10

6/7
12/16
15/15
10/13
11/11

9/9
13/13
79/94

%
30%
86%
75%

100%
7%
100%
100%
100%
84%

PEG feeding = 25% of diet Duration of PEG

Median days (95% CI)

0 (0-42)
70 (0-133)
65 (0—120)
83 (70-157)
90 (0 -150)

116 (57 —491)
101 (55— 393)
170 (113 — 479)

79 (68— 106)



Figure 4.

Estimated % still using PEG
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Duration of feeding tube use for at least 25% of
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nutritional requirements by

D50%of cervical oesophagus. Kaplan-Meier analysis, 94 patients.
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Figure 5. Proposed treatment approach for patients for patients receiving definitive, bilateral
(chemo) radiotherapy for cancers of the head and neck.
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6.1 Preface

This chapter replicates the manuscript that was peer reviewed and subsequently published
in Journal of Medical Radiation Sciences in 2019 (currently In Press, following acceptance

for publication in June 2019).

The theme of this manuscript was to further investigate the patient cohort that was analysed
for clinical predictors of prolonged feeding tube use in Chapter 4. Two significant clinical

predictors of prolonged feeding tube, namely T-classification and level 2 lymphadenopathy,
were derived in Chapter 4. This enabled four distinct groups to be categorized for the risk of

feeding tube use on the basis of a T-classification and level 2 lymphadenopathy.

Feeding tubes are a critical tool in the weight management of head and neck radiotherapy
patients, to mitigate the debilitating effects of toxic radiotherapy and its effect on delivering
precision treatment. This chapter, however, delved deeper, to ascertain whether a higher
risk of prolonged feeding tube use translated to greater weight loss over a course of
radiotherapy. Chapters 4 and 5 looked purely at feeding tube use as a surrogate for
dysphagia. In addition, this chapter investigated weight loss within each of the previously risk

stratified HNC patient cohorts.
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6.2 Abstract

Introduction: Precision radiotherapy relies heavily on optimal weight management. Our group
previously developed a risk stratification model for patients at risk of prolonged feeding tube
(FT) intervention. The study objective was to assess on-treatment weight loss according to

stratified risk of prolonged FT use.

Methods: One-hundred and one (n=101) definitive head and neck radiotherapy patients
were included in this study. Patients were stratified into High-Risk (HRi: T-classification=3
with Level 2 Nodal disease), High-Intermediate-Risk (HIRi: T-classification=3 without Level 2
Nodes), and Low-Intermediate-Risk (LIRi: T-classification<3 with Level 2 Nodes) of
prolonged FT use. Demographic variables and on-treatment weight loss were evaluated

according to risk status.

Results: Oropharyngeal carcinoma (OPC) was present in a larger proportion in the LIRI
cohort (HRi: 71%, HIRi: 52%, LIRi: 81%, p=0.008). LIRi patients were more likely to have
human papilloma virus (HPV) associated disease (88%, p=0.001). Never/minimal smoking
(p=0.003), good performance status (p<0.001), healthy BMI (p=0.050) and no pre-existing

dysphagia (p<0.001) were predominant within the LIRi prognostic group.

LIRi patients lost significantly more weight in total (HRi=4.8% v LIRi=8.2%, p=0.002;
HIRi=5.2% v LIRi=8.2%, p=0.006) and when using a FT (HRi=4.6% v LIRi=8.8%, p<0.001,;

HIRi=5.3% v LIRi=8.8%, p=0.002).

Conclusions: Patients identified as low-intermediate-risk of prolonged, 225% FT use report
significantly increased weight loss compared to patients at higher risk of FT use. This cohort
is typical of the increasing number of patients presenting with HPV-associated OPC. Results
of this study suggest we should closely observe such patients throughout treatment, to

ensure optimal weight maintenance, facilitating precision radiotherapy.

Keywords: Feeding Tube, Head & Neck Cancer, IMRT, Toxicity, Weight Loss.
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6.3 Introduction

Radiotherapy (RT) for head and neck cancer is associated with the debilitating toxicities of
malnutrition and weight loss.4% 151152 |t has been long established that dysphagia and
subsequent weight loss during treatment can have a detrimental effect on survival
outcomes.®® Weight maintenance is critical to optimal treatment tolerance and paramount to
the delivery of precision radiotherapy, as changes in patient contour will impact on the
design and delivery of radiotherapy. Enteral feeding via a feeding tube (FT) is a common
method of minimising weight loss by providing patient nutrition during and immediately
following RT in as many as 80% of head and neck cancer patients.?>>157 Despite the
demonstrated benefits of FT for nutritional support, conflicting evidence remains as to the
most effective strategy for optimal weight management.*®® Previous work from our group
proposed a risk stratification model for patients at risk of requiring prolonged FT use for
225% of nutritional requirement, to ensure insertion of prophylactic FT is reserved for those
patients likely to derive the most benefit.1*3 Multivariate regression was undertaken on
clinical variables previously recognised in the literature. Additional variables that were
deemed to be of potential importance (i.e. specific levels of macroscopic nodal involvement)
or where little to no published data was available as to their role in feeding tube risk
stratification, warranting further investigation (i.e. Human Papilloma Virus or HPV-status)
were also included for analysis.*” 61 9. 91. 161T_c|assification and level 2 lymphadenopathy
were found to be highly predictive of feeding tube use. Four levels of prolonged feeding tube

use risk were derived from these two prognostic variables:

i) High Risk (HRi)- T-classification 23 and Level 2 Lymphadenopathy
i) High-Intermediate Risk (HIRi)- T-classification 23 and No Level 2 Lymphadenopathy
i) Low-Intermediate Risk (LIRi)- T-classification <3 and Level 2 Lymphadenopathy
iv) Low Risk (LRi)- T-classification <3 and No Level 2 Lymphadenopathy
The main objective of this study was to assess acute weight loss (i.e. weight lost during the

radiotherapy treatment course) among the high, high-intermediate and low-intermediate risk
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cohorts, to better understand if the known risk of prolonged FT use for 225% of nutritional
requirement is indicative of on-treatment weight loss outcomes, and consequently, optimal
FT utilisation is occurring to ensure weight maintenance during radiotherapy. Subsequently,
identification of high frequency clinical variables (beyond T-classification and level 2
lymphadenopathy) in the increased weight loss cohort will enable a greater understanding of
the feeding tube use/weight loss relationship, and its impact on the management of the head

and neck radiotherapy patient population.

6.4 Methods and Materials

6.4.1 Patients

Following Institutional Ethics Committee approval, one-hundred and one patients, treated
between January 2007 and December 2013 who were previously incorporated into the
already-published FT risk stratification model, were included for further analysis in this
retrospective study. As this study was a retrospective review of data captured as part of
routine patient care, which is de-identified, a waiver of consent was approved by the
institutional ethics committee. LIRi, HIRi and HRi patients are defined as patients who have
a median FT use of greater than or equal to 25% of their nutritional requirement for 75, 108
and 170 days, respectively.'® Patients at Low Risk (LRi) of FT use (i.e. median feeding tube
use of 225% of nutritional requirement of 7 days) were excluded from the analysis due to
negligible likelihood of FT insertion as derived from our previous work. Patients were
included in the weight loss analysis based on their risk-stratified status alone, regardless of
FT insertion or not (eg. a HRi patient may have declined a FT insertion, yet still be included
in the analysis as a ‘high risk’ patient due to having a T-classification 23 and level 2

lymphadenopathy).

As per our previous study, to be eligible for inclusion in the database, patients were required
to receive primary and definitive intensity-modulated radiotherapy (IMRT) (with or without

concurrent systemic treatment) for mucosal cancers of the head and neck.'® Patients with
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stage II-IVB disease were included. Patients were excluded if they underwent therapeutic
surgery to the primary site or neck dissection prior to commencing RT. Patients were
required to have been offered a prophylactic FT prior to treatment (as per departmental
policy), have a tumour of supraglottic, oral cavity or pharyngeal origin, planned to receive
264Gy with bilateral nodal irradiation, with or without current chemotherapy. ‘FT Only’
patients are defined as those who had a FT inserted and utilised it for greater than 25% of
nutritional needs (for at least 48 hours), as opposed to those who didn’t have a FT inserted
(declined) and/or patients who had a FT inserted and didn’t use it (i.e. failed to utilise their
FT for more than 25% of their nutritional needs for at least 48 hours). Patients with unknown
primary and glottic laryngeal cancers were excluded from the risk stratification model. All
included patients had to be followed up by a dietician for a minimum of 8 weeks post

radiotherapy completion.

6.4.2 RT planning and treatment

Uniform delineation of all radiotherapy target volumes was performed by a (one) radiation
oncologist on a radiotherapy planning contrast enhanced computed tomography (CECT)
scan. The PET/CT and MRI (if available) were co-registered with the planning CECT on the
treatment planning system. A comprehensive narrative detailing target delineation, radiation
dose, radiotherapy planning and treatment methodology is described in Anderson et al

(2018).133

6.4.3 Nutritional Assessment and Follow-Up

All patients had a complete pre-therapy consultation with a dietician followed by weekly
nutritional reviews while on therapy. Following therapy, dietetic review, by phone or in
person, was conducted at least every two weeks following therapy until cessation of enteral

feeding.

Adequacy of Enteral Intake (AEI) was recorded at each review using the scale: AEI 0 = 0—

24%, AEI 1 = 25-49%, AEI 2 = 50-74% and AEI 3 = 75-100% of daily nutritional needs i.e.
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the contribution of enteral feeding to daily nutritional requirement. All patients were followed

until their AEI was less than 1.

Speech pathology services were offered to all patients with oropharyngeal dysphagia to
minimize aspiration and malnutrition risk. Video fluoroscopy and Fibreoptic Endoscopic
Evaluation of Swallowing were available for at-risk patients. Swallowing rehabilitation was

not available to this patient cohort.

6.4.4 Outcome Measures

1) Weight loss during RT* between:
i) HRi and HIRi patients (All patients and FT only patients)
i) HRi and LIRi patients (All patients and FT only patients)

iii) HIRi and LIRi patients (All patients and FT only patients),

*Weight Loss during RT = % weight change between RT commencement and recorded

weight in final week of RT

2) Number of days from the commencement of radiation therapy until the
commencement of Adequacy of Enteral Nutrition (AEI1) (i.e. enteral feeding reliance
for 25-49% of nutritional needs) and AEI3 (i.e. enteral feeding reliance for 75-100%
of nutritional needs) FT use between:

i) HRi and HIRi patients

i) HRi and LIRi patients

iii) HIRi and LIRi patients

6.4.5 Statistical Analyses

Statistical analysis was carried out using GraphPad Prism v7.02 (GraphPad Software Inc,
California). Descriptive statistics were calculated for baseline demographic characteristics,
disease stage, treatment characteristics and potential prognostic factors that were analysed

in the generation of the risk stratification model (Table 11). Each of these variables was
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available at the time of multidisciplinary tumour board meeting prior to radiotherapy to allow

timely risk stratification.

For categorical variables, the frequency distribution between patients with HRi, HIRi and LIRi
of prolonged feeding tube use was evaluated using Fisher’s Exact test, the Cochran-
Armitage test for trend if there were three or more ordered subgroups (eg. ECOG
performance status) or the Pearson chi square test for three or more unordered subgroups
(eg. cancer site). All p-values were 2-sided with a 0.05 a level of significance. Patients with

unknown values for a particular factor were omitted from any models containing that factor.

6.5 Results

One hundred and one patients- treated with radical intent IMRT were eligible for inclusion in
this study. They were categorised into HRi (n=28), HIRi (n=31) and LIRi (n=42) of prolonged
FT use prognostic groups. One (3.6%), seven (22.6%) and six (14.3%) patients didn’t have a
FT inserted/adequately utilise their FT in the HRI, HIRi and LIRi risk groups, respectively.
The majority of patients across each prognostic group were <65 years of age, with
significantly more under 65-years old in the LIRi cohort (HRi: 64%; HIRi: 52%; LIRi: 88%,
p=0.014). Males were represented at a ratio of approximately 3:1 in each group. The most
common cancer site was oropharynx, with a significantly larger proportion in the LIRi cohort
(HRi: 71%, HIRi: 52%, LIRi: 81%, p=0.008). 84% (59/70) of OPC patients had a known
human papilloma virus (HPV) status, with those in the LIRi cohort more likely to have HPV
associated disease (88%, p=0.001). Patients with never/minimal smoking history (p=0.003),
good performance status (p<0.001), healthy body mass index (BMI) (p=0.050) and no pre-
existing dysphagia (p<0.001) were significantly more frequent within the LIRi prognostic
group when compared to the HRi and HIRi cohorts. All patient demographic and tumour

characteristics are shown in their entirety in the “Total’ column in Table 11.

There was no significant difference in weight loss between HRi or HIRI patients in total
(HRi=4.8% v HIRi=5.2%, p=0.813) or when using a FT (HRi=4.6% v HIRi=5.3%, p=0.641).

However, when compared with both the HRi and HIRi prognostic groups, LIRI patients lost
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significantly more weight in total (HRi=4.8% v LIRi=8.2%, p=0.002; HIRi=5.2% v LIRi=8.2%,
p=0.006) and when using a FT (HRi=4.6% v LIRi=8.8%, p<0.001; HIRi=5.3% v LIRi=8.8%,
p=0.002) (table 12). No significant differences in days to commencement of AEI Levels 1

and 3 FT use were observed between each of the prognostic groups (Table 13).

6.6 Discussion

Our previous body of work introduced a clinically useful risk stratification tool for both the
requirement for and duration of significant FT use. The tool stratifies pharynx, oral cavity and
supraglottic patients by two easily-attainable clinical variables — T-classification (<3 v =23)
and presence/absence of involved level 2 lymph nodes —into four distinct risk classifications
for the likelihood/intensity of FT use.'® This information is readily available when a patient is
first presented at a Multidisciplinary Tumour Board, with the model described capable of
guiding decisions regarding prophylactic insertion of FTs. It does not take radiation dose

factors into consideration.

Apart from cancer site, Anderson et al (2018) found advanced T-classification to be the most
significant prognostic factor for duration of FT use. This is not a new finding and is consistent
with the observations of numerous published studies.3 161 165-168 However, the contribution
of level 2 lymphadenopathy to prolonged feeding tube use is a novel finding. The possible

causality of level 2 nodal lymphadenopathy is detailed at length in this manuscript.t33

Treatment induced weight loss and dehydration can lead to episodes of hospitalisation and
treatment breaks, which adversely affect disease outcomes.%® 198 199 Weight loss and
deviations from planned body habitus have the potential to cause deviations in planned
radiotherapy i.e. less dose to the tumour and increased dose to healthy tissue. Greater
sophistication in radiotherapy planning and delivery means less room for error, such as
patient contour change as a result of weight loss. With the increasing conformality and
subsequent precision of modern treatment techniques, such deviations from planned
treatment geometry have potential for greater consequence to planned doses of radiation.?®

Current practice dictates that such scenarios are often dealt with via adaptive radiotherapy
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protocols (i.e. radiotherapy planning is repeated to account for patient anatomical change),
yet this is often not clinically feasible in busy, clinical departments where resources are
stretched and modern technologies not always readily available.?°! 22 Prevention of weight
loss not only assists in patient well-being, but also as reduces the potential need for
resource intensive adaptive radiation therapy. Optimal identification of at-risk patients via a
simple to use prognostic tool provides an opportunity to minimise the need for weight loss

driven adaptation via instigation of timely, robust nutritional interventions.

The LIRi group were identified as patients with small primary tumours with level 2 nodal
disease, so intuitively, presented with more OPC cases. Furthermore, an overwhelming
majority presented with HPV-associated disease (88%). Despite having a FT inserted, this
patient cohort lost significantly more weight than those at higher risk of FT dependence.
These findings are consistent with recent published data, who describe increased weight
loss in HPV-associated OPC patients at a similar magnitude to our work.?%® Patients were
also significantly younger, of good performance status, with a healthy BMI and no history of
pre-existing co-morbidities such as underlying dysphagia. These patients reported to have
never had or had a limited history of tobacco use. Of the 85% of patients with a known HPV
status across the entire cohort, the presence of HPV-associated disease was significantly

higher in the LIRi group (LIRi: 88%; HRi: 37%; HIR: 57%).

Therefore, despite being a valuable resource in stratifying FT use, the findings of this weight
loss analysis may necessitate the need for additional consideration (beyond the FT risk
stratification tool) when a LIRi patient is identified. The risk stratification tool, alone, may be
insufficient to fully characterise the FT requirements of this select patient cohort. This group
loses more weight across their course of radiotherapy than those with a far more extensive
disease burden. Sub-optimal patient compliance to recommended FT use could provide an

explanation for such weight-loss.

More often than not, LIRi patients have a prophylactic FT inserted. Despite this, there

remains some obvious, unmet needs with respect, but not limited to, dietetic counselling,
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optimal FT utilisation and psychological factors in the HPV-associated head and neck cancer
population, hindering FT utilisation and compromising optimal weight management. Similar
studies suggest unmet needs, indicating the need for further investigation of underlying
contributing factors.?%4 2% This is further supported by the insignificant finding of days from
the start of radiotherapy to the commencement of both AEI1 and AEI3 FT use- suggesting
that LIRi patients are either using their FT, albeit inadequately, or providing an inaccurate
account of their use upon weekly dietetic review. Additionally, a possible underlying clinician
and allied health assumption of a well-educated patient group capable of appropriate self-
management may further exacerbate the consequence of this non-compliance. Conversely,
despite the perception of increased self-management capabilities, HPV-associated cancer
patients have higher levels of psychosocial and informational needs. If such needs become
unmet, there is the potential to further complicate treatment and recovery.2%: 207 Al of these
possible contributing factors must be the subject of further research, so that we, as the
multidisciplinary team members responsible for the care of HPV-associated OPC patients,
can better understand their needs and attitudes towards their treatment and subsequent
compliance to recommended nutritional advice. A push for future prospective studies is also
supported by Vangelov et al.?®® Further investigations may, perhaps, recommend nutritional
support and guidance to the same level we apply to those patients we deem at highest risk

of radiation induced dysphagia.

OPC has had a major demaographic shift over the past two decades. The evolution of HPV-
associated OPC has introduced a paradigm shift in the traditionally atypical head and neck
cancer patient (i.e. a patient that presents with a history of heavy alcohol and/or tobacco
abuse).2%: 209 Many western countries have witnessed a rise in the number of HPV-
associated cancers, compared to a previous population that included patients with
predominantly carcinogen (tobacco and alcohol) associated disease.?'° The United States
reported a population-level incidence increase of 225% in HPV-positive OPC from 0.8 per

100,000 in 1988 to 2.6 per 100,000 in 2004. Alternatively, the incidence of HPV-negative
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OPC decreased by 50% over the same period, from 2.0 per 100,000 to 1.0 per 100,000.
This was further supported with a shift towards younger, white individuals.?°® 21t HPV-
associated OPC has played a critical role in this demographic shift in disease incidence.?!2
The LIRi cohort identified in this study is representative of this growing number of OPC
patients presenting to radiotherapy departments. This particular cohort will continue to grow

as HPV-associated OPC numbers peak in the coming years.

A striking clinical feature of the HPV-associated OPC patient is their excellent prognosis,
with their risk of death halved in comparison to HPV-negative patients.1% 213214 The concept
of treatment de-escalation is currently being reviewed at length, in order to minimise the risk
of chronic treatment related toxicities in a patient cohort that, in general, has a favourable
prognosis.?'? Multiple treatment de-intensification strategies are being investigated in each of
the surgical, chemotherapy and radiotherapy (and combinations, thereof) disciplines.
Reduced doses of radiation (to as low as 54Gy) are being investigated, minimising the risk of
FT dependence that is often seen in patients receiving high doses of radiation to critical
swallowing structures (i.e. pharyngeal constrictor muscles) that are in close proximity to
macroscopic disease.?'® Often, such regimens are coupled with less toxic cetuximab

chemotherapy, compared to traditional cisplatin-based regimes.%?

The concept of radiation dose de-escalation is relatively well established and accepted
globally in low-risk HPV-associated OPC. Recent studies have reported equivalent
outcomes to standard dose regimes.?'¢ High tech, radiotherapy has the capability for
phenomenal dose sculpting, creating rapid dose fall off between target/tumour volumes and
critical normal structures. Cautiously, we must therefore recognise that error apportioned to
small uncertainties in radiotherapy treatment planning and delivery is higher than ever
before. On-treatment weight loss is one of these uncertainties that has the potential to alter
the planned dose of radiotherapy via a change in patient geometry.?® In an era of radiation
dose de-escalation, it is incredibly important that the reduced dose being delivered is being

delivered with precision. We are at a very real risk of further ‘de-escalating’ dose that has
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already been ‘de-escalated’ through variations apportioned to weight loss. Our study
demonstrates that with weight loss at a heightened risk in the patient cohort most likely to be
afforded such dose de-escalation (i.e. HPV-associated OPC or LIRi patients), we must
recognise the extra supportive care measures required to ensure optimal weight

maintenance is afforded this unique patient group.

In this cohort, no patient had access to swallowing rehabilitation. Furthermore, every effort
was made to minimize patient pain. All patients were reviewed at least weekly by a medical
doctor to prescribe analgesia in a stepwise fashion: mouthwashes and anti-thrush measures,
simple analgesia (e.g. soluble paracetamol), local anaesthetic mouthwashes (e.g. xylocaine

and cocaine), and ultimately titration of opioids®3,

This study has limitations inherent to a single-institution, retrospective analysis. The authors
recognise that the cohort of HPV associated patients is relatively small (38/70 OPC
patients), due to the availability of emerging technology enabling HPV diagnosis at the time
this cohort received radiotherapy. Therefore, despite the identification of key clinical
variables of HPV-associated disease within the LIRi cohort, any conclusions must be
interpreted with caution. We are unable to provide data on patients’ functional swallowing
ability, however, we are able to accurately report on patients having oral, or partial oral, diet
at various time points due to comprehensive, prospectively recorded nutritional data. All
patients were treated by a single radiation oncologist; however, it must be acknowledged
that these patients were treated over eight years, a sufficient time period for even individual
practice to vary. All patients were treated in an era with equitable access to FDG-PET and
IMRT, without swallowing exercises. This lends to uniformity in staging, volume delineation

and treatment delivery across the cohort.

6.7 Conclusion

Patients typically identified as low-intermediate risk (LIRi) of prolonged FT use for 225% of
nutritional requirement (T-classification <3, Level 2 node lymphadenopathy) report

significantly increased weight loss compared to patients at higher risk of prolonged FT use
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undergoing definitive head and neck radiotherapy. This patient cohort demonstrates the
demographic and diagnostic parameters of a stereotypical HPV-associated OPC patient-
characteristic of the changing landscape of the modern-day head and neck radiotherapy
patient. Results of this study suggest we should closely observe such patients throughout
treatment, ensuring optimal weight maintenance, and in turn, facilitating precision
radiotherapy. Larger, prospective studies are warranted to validate this finding, and to
examine any additional contributing factors- either physical or psychosocial- that may be

contributing to the sub-optimal weight management outcomes reported in this study.
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Table 11. Description of prognostic factors in patients with high, high-intermediate and low-intermediate risk for prolonged feeding tube use
(n=101)

Prognostic factor Subgroup High Risk (HRi) FT Use* High-Intermediate Risk (HIRi) FT Use* Low-Intermediate Risk (LIRi) FT
Use®
Yes/Total % Yes/Total % Yes/Total % P valuet
Cancer site Oropharynx 20/28 71% 16/31 52% 34/42 81% 0.008
Pharynx (other) or oral cavity 6/28 22% 6/31 19% 7142 17%
Larynx, supraglottis 2128 7% 9/31 29% 1/42 2%
Human papilloma virus (HPV)* Negative 12/19 63% 6/14 43% 326  12% 0.001
(1 missing HR, 2 HIR, 8 LIR) Positive 7119 37% 8/14 57% 23/26 88%
T stage X, 0 0/28 0% 0/31 0% 1/42 2% <0.001"
1 0/28 0% 0/31 0% 17/42 41%
2 0/28 0% 0/31 0% 24/42 57%
3 19/28 68% 21/31 68% 0/42 0%
4 9/28 32% 10/31 32% 0/42 0%
N stage 0 0/28 0% 18/31 58% 0/42 0% <0.001
1 3/28 11% 4/31 13% 12/42 28%
2 23/28 82% 9/31 29% 28/42 67%

3 2/28 1% 0/31 0% 2142 5%



Bilateral neck node disease No
Yes
Retropharyngeal node disease No
Yes
Level 1 node disease No
Yes
Level 2 node disease No
Yes
Level 3 node disease No
Yes
Level 4 node disease No
Yes
Level 5 node disease No
Yes
Concurrent chemotherapy No
Yes

Dysphagia or odynophagia (pre-existing) No
Yes
Nutrition (PG-SGA) Well-nourished

Malnourished

13/28

15/28

22/28

6/28

21/28

7/28

0/28

46%

54%

79%

21%

75%

25%

0%

28/28 100%

15/28

13/28

19/28

9/28

24/28

4/28

4/28

24/28

17/28

11/28

23/28

5/28

54%

46%

68%

32%

86%

14%

14%

86%

61%

39%

82%

18%

24/31

7/31

31/31

0/31

25/31

6/31

31/31

0/31

25/31

6/31

30/31

1/31

31/31

0/31

14/31

17/31

19/31

12/31

22/31

9/31

7%

23%

100%

0%

81%

19%

100%

0%

81%

19%

97%

3%

100%

0%

45%

55%

61%

39%

71%

29%

32/42

10/42

40/42

2/42

38/42

4/42

0/42

42/42

32/42

10/42

41/42

1/42

36/42

6/42

8/42

34/42

41/42

1/42

35/42

7142

76%

24%

95%

5%

90%

10%

0%

100%

76%

24%

98%

2%

86%

14%

19%

81%

98%

2%

83%

17%
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0.014

0.008

0.215

<0.001"

0.047

<0.001

0.086

0.011

<0.001

0.395
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Body Mass Index Underweight (<18.5) 5/22 23% 5/31 16% 1/38 3% 0.049
(6 missing HR, 4 LIR)Not underweight (=18.5) 17122 77% 26/31 84% 37/38 97%
Age on commencing RT < 65 years 18/28 64% 16/31 52% 35/42 83% 0.014
> 65 years 10/28 36% 15/31 48% 7142 17%
Sex Male 21/28 75% 24/31 77% 33/42  79% 0.941
Female 7128 25% 7131 23% 9/42  21%
ECOG Performance Status 0 9/28 32% 7131 23% 26/42  62% <0.001
1 18/28 64% 18/31 58% 16/42 38%
2 1/28 4% 6/31 19% 0/42 0%
Charlson Comorbidity Index 0 12/28 43% 14/31 46% 30/42 71% 0.151
1 4/28 14% 6/31 19% 4/42 10%
2 7/28 25% 5/31 16% 6/42  14%
3,4,5 5/28 18% 6/31 19% 2/42 5%
Tobacco smoking Never or minimal 9/28 32% 7130 23% 24/40 60% 0.003
(1 missing HIR, 2 LIR) Past 6/28 21% 13/30 44% 11/40 28%
Current 13/28 47% 10/30 33% 5/40 12%
Alcohol drinker Never or social 19/28 68% 20/29 69% 32/39 82% 0.683
(2 missing HIR, 3 LIR) Past 3/28 11% 3/29 10% 2/139 5%

Current 6/28 21% 6/29 21% 5/39 13%
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“High Risk (HRi) Feeding Tube use” are patients with both T-Stage=3 and Level 2 node disease, with risk of feeding tube use for at least 25% of nutritional

requirements.

“High-Intermediate Risk (HIRi) Feeding Tube use” are patients with T-Stage=3 without Level 2 node disease, with risk of feeding tube use for at least 25%

of nutritional requirements.

“Low-Intermediate Risk (HIRi) Feeding Tube use” are patients without T-Stage=3 with Level 2 node disease, with risk of feeding tube use for at least 25%

of nutritional requirements.
HPYV status is restricted to patients with a diagnosis of cancer of the oropharynx only

Statistical significant difference due to variable dichotomisation contributing to generation of prognostic group i.e. T-stage and level 2 node disease

Two-sided P value from Fisher exact test for difference between 2 subgroups, Pearson chi square test for difference between 3 or more unordered

subgroups, or Cochran-Armitage test for trend across 3 or more ordered subgroups.
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Table 12. Comparison of weight loss across High Risk (HR), High-Intermediate Risk (HIR) and Low-Intermediate Risk (LIR) patients

*High Risk (HRi) of FT Use v High-
Intermediate Risk (HIRi) of FT Use

HRi (n=28) HIRi (n=31) p-value
% Weight Loss (All) 4.8 +/-4.8 52 +/-5.4 0.813
HRi (n=27) HIRi (n=24)
% Weight Loss (with FT) 4.6 +/- 4.8 5.3+/-5.0 0.641

*

#High Risk (HRi) of FT Use v Low-
Intermediate Risk (LIRi) of FT Use

HRi (n=28) LIRi (n=42) p-value
4.8 +/-4.8 8.2 +/- 3.8 0.002
HRi (n=27) LIRi (n=36)
4.6 +/-4.8 8.8 +/-3.6 <0.001

High Risk (HR) and High-Intermediate Risk (HIR) of feeding tube (FT) use (all patients and FT inserted only patients)

#

patients)

&

inserted only patients)

&High-Intermediate Risk (HIRi) of FT Use
v Low-Intermediate Risk (LIRi) of FT Use

HIRi (n=31) LIRi (n=42) p-value
52+/-5.4 8.2 +/- 3.8 0.006
HIRi (n=24 LIRi (n=36)
5.3+/-5.0 8.8 +/- 3.6 0.002

% Weight loss (i.e. % weight change between commencing radiotherapy and recorded weight in final week of radiotherapy) comparing patients at

% Weight loss comparing patients at High Risk (HR) and Low-Intermediate Risk (LIR) of feeding tube (FT) use (all patients and FT inserted only

% Weight loss comparing patients at High-Intermediate Risk (HIR) and Low-Intermediate Risk (LIR) of feeding tube (FT) use (all patients and FT
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Table 13. Days (mean) from the commencement of radiation therapy until the commencement of feeding tube (FT) use®

*High Risk (HRi) of FT Use v High- #High Risk (HRi) of FT Use v Low- &High-Intermediate Risk (HIRi) of FT Use v
Intermediate Risk (HIRi) of FT Use Intermediate Risk (LIRi) of FT Use Low-Intermediate Risk (LIRi) of FT Use
HRi (n=27) HIRi (n=24) p-value HRi (n=27) LIRi (n=36) p-value HIRi (n=24 LIRi (n=36) p-value
Days to AEI1 (+/- SD) 23.4 +/-10.9 21.3 +/-15.2 0.568 23.4 +/-10.9 26 +/-11.8 0.378 21.3 +/-15.2 26 +/- 11.8 0.183
Days to AEI3 (+/- SD) 30 +/- 14.6 31.5+/-33.9 0.840 30 +/-14.6 36.6 +/- 13.3 0.075 31.5+/-33.9 36.6 +/- 13.3 0.441
* Days from commencement of radiation therapy until the commencement of feeding tube (FT) use (AEI1 and AEI3)- High Risk (HR) vs High-

Intermediate Risk (HIR) of feeding tube (FT) use

# Days from commencement of radiation therapy until the commencement of feeding tube (FT) use (AEI1 and AEI3)-High Risk (HR) vs High-
Intermediate Risk (HIR) of feeding tube (FT) use

& Days from commencement of radiation therapy until the commencement of feeding tube (FT) use (AEI1 and AEI3)- High Risk (HR) vs High-
Intermediate Risk (HIR) of feeding tube (FT) use

$ “Feeding tube (FT) use” means feeding tube was used for at least 25% of nutritional requirements (AEI1) and 75% of nutritional requirements (AEI3).
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Chapter 7: Discussion

7.1 Introduction

Radiation therapy plays an integral role in the palliative, definitive and post-operative
management of head and neck cancer. Approximately 890,000 new cases of head and neck
cancer (HNC) were estimated to have been diagnosed globally in 2018, a near 30%
increase from similar figures captured in 2015.217-218 Of these patients, 93,000 (10.4%)
present with a primary diagnosis of oropharyngeal carcinoma (OPC). Over the equivalent
period of time, HNC-specific mortality decreased by 5%.2!” Proportionately to new cancer
diagnoses, HNC patients are living beyond their diagnosis and treatment in greater numbers

than ever before.2”

A 2017 review of management of radiation induced toxicities in HNC details the importance
of new technologies and novel therapeutic approaches in minimising the effect of radiation-
induced toxicities, in particular the role of intensity modulated radiotherapy techniques in
reducing dose to pertinent swallowing structures.?®* The management of HNC has
undergone a rapid transformation, with a demographic shift in recent years in patients
presenting to oncology departments globally. This is of increasing importance when we
consider the improved survival of these patients.?%® Traditional contributory variables, such
as a long history of tobacco and alcohol abuse and pre-existing co-morbidities, are being
replaced in an otherwise healthy, younger cohort, who present with an increased BMI, little
to no comorbidities, smaller primary tumours and larger nodal disease.” 2% This more
contemporary presentation of disease is indicative of HPV-associated OPC. Presentation of
this subtype of HNC has grown by 225% in the United States alone since the 1980s.

Conversely, we have seen a halving of HPV-negative associated HNC.2%°

With this onset of HPV-associated disease, combined with the rapid developments in
radiotherapeutic, chemotherapeutic and surgical treatment options, there is a renewed

confidence in the prognosis of HNC patients. Therefore, while an extreme focus has rightly
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remained on optimal disease management strategies, there has been a significant
accompanying paradigm shift towards toxicity-related risk mitigation, induced by these highly
effective- yet toxic- treatment regimes. HNC patients are living beyond their initial cancer
diagnosis, yet are at significant risk of life long complications of their treatment which can

have significant implications on their quality of life.

Dysphagia or compromised swallowing leading to difficulties in oral nutrition is one of the
most, if not the most, life altering treatment-induced complication associated with a course of
radiotherapy (with or without concurrent chemotherapy). Intensive, coordinated
multidisciplinary management is necessary to optimise treatment and quality of life
outcomes. Despite these complexities, there lies an exciting opportunity to individualise
patient management strategies to ensure patient outcomes are optimised and side effects

minimised as much as possible.

The research outlined in this thesis takes a systematic approach to improving the available
evidence, aiming to further individualise and optimise the standard of care that can be
delivered to HNC radiotherapy patients. Chapter 1 provides an overview of head and neck
cancer, including its incidence and mortality, aetiology, presentation, staging and treatment
options. Chapter 2 delivers a comprehensive literature review of the management of
radiation induced dysphagia, inclusive of how it is measured and managed, combined with
recent literature detailing clinical and dosimetric variables used to predict the likelihood and
severity of prolonged dysphagia. Late dysphagia, a consequence of curative radiotherapy,
has been the subject of multiple publications over many decades. Dose/Volume/Outcome
(DVO) data has been published at length, providing a critical resource to drive clinical
practice and moderate the risk of late dysphagia.*3 4" %2 220 However, until the last decade,
the DVO resources utilised were somewhat outdated, derived from clinical outcomes and not
reflective of modern precision radiotherapy. The American Society of Radiation Oncology
(ASTRO) responded accordingly, updating the recommendations based on a compilation of

DVO resources indicative of not only all modern radiotherapy practice, but all treatment
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sites.'’? The Quantitative Analyses of Normal Tissue Effects in the Clinic (QUANTEC) report,
however, recognised the limitations in providing meaningful data beyond late radiation
induced toxicities. With the rapid onset of precision radiotherapy and the need for acute
toxicity management to enable optimal treatment tolerance, the QUANTEC reports called for

DVO outcome data to guide acute toxicity management.!’?

Chapter 3 of this thesis (Dose Volume Response in Acute Dysphagia Toxicity: Validating
QUANTEC Recommendations into Clinical Practice for Head and Neck Radiotherapy)
addresses this gap in the literature as described by ASTRO in the QUANTEC Report.172 22
In this study of 76 patients with locally advanced squamous cell carcinoma of the head and
neck (+/- systemic therapy), we reported that multiple QUANTEC larynx dose parameters
(Dmean<44Gy, Dmean<40Gy, V50Gy<27% and Dmax<66Gy) predictive of late dysphagia,
were also suggestive of dysphagia in the acute setting (treatment weeks 5 and 6). This novel
finding, in an area of recognised need by ASTRO, is critical in the current radiotherapy
landscape, where acute toxicity prophylaxis and subsequent management is imperative to
precision radiotherapy. Acute toxicity management is paramount to optimal weight
management, ensuring not only the delivery of precision radiotherapy, but adherence and
completion of prescribed, predetermined treatment regimens demonstrating best patient
outcomes. The significance of these findings was recognised by ASTRO and selected for an
oral presentation at the 2011 ASTRO Annual Meeting in Miami. The findings were

subsequently published in Acta Oncologica.??!

The findings published in Chapter 3 offer a complementary set of acute dysphagia
dosimetric findings to the late DVO data of the QUANTEC Reports.'> 221 Yet, while DVO
outcome data is imperative to a comprehensive risk stratification strategy for each HNC
radiotherapy patient, understanding clinical risk factors is equally important. Perhaps of
greatest importance is the identification of appropriate clinical risk factors which can enable
the introduction of early prophylactic measures to best manage the anticipated onset of

acute dysphagia symptoms, prior to radiotherapy treatment planning. Appropriate nutritional
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management strategies are a critical component of optimal weight management throughout
a course of HNC radiotherapy. Multidisciplinary integration and different nutritional
interventions, namely NGT and pPEG, have been described at length throughout this thesis.
Marrying of both clinical and dosimetric dysphagia endpoints forms a critical component of
Chapters 4 and 5 of this thesis, aiming to better understand the role of treatment variables
contributing to prolonged feeding tube use. While Chapter 3 looks to validate existing late
dysphagia dosimetric endpoints in an acute setting, it fails to address the value of critical
clinical endpoints such as, but not limited to, tumour staging, systemic therapies and patient
demographic variables. Chapter 4 addresses this need, investigating the value of these
clinical variables in feeding tube use identification and stratification. Chapter 5 looks to
further extrapolate these findings, to better appreciate the value of dosimetric end points in

the complex anatomy of the swallowing axis.

Chapter 4 describes a comprehensive review of pPEG feeding outcomes in a cohort of 139
patients. Multiple other studies have also been undertaken in this domain, reporting on a
series of variables predictive of prolonged feeding tube reliance. All tumour staging was
performed using the American Joint Committee on Cancer (AJCC) staging system.° While
our study detailed T-classification as a significant predictor of prolonged feeding tube use (T-
classification 23), consistent with previous findings, our results highlighting the role of level 2
nodal lymphadenopathy as predictive of prolonged feeding tube reliance is a novel
finding.133 161, 165168, 222 The presence of malignancy in the level 2 lymph nodes increases the
likelihood of contralateral disease, in particular, in cancers of the oropharynx.?2® As far as the
authors are aware, no other studies have reported on the predictive significance of individual
neck nodal levels in feeding tube risk stratification. In a period of time where radiotherapy
treatment planning, treatment delivery and image guidance facilitates highly conformal
radiotherapy, such detail in the identification of feeding tube risk factors is incredibly
important. Perhaps, of greater importance, however, is the relative ease in which this level 2

lymphadenopathy (and T-classification) can be diagnosed via preliminary patient diagnostic
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workup (i.e. CT, PET and MRI imaging modalities), allowing early identification of these key
predictive variables and timely risk stratification of anticipated feeding tube reliance.
Prophylactic insertion of a pPEG tube can take place prior to radiotherapy, ensuring a
seamless transition to utilisation at the onset of acute dysphagia requiring nutritional
intervention. Additionally, this knowledge can assist in the appropriate prioritisation of
multidisciplinary support (namely, dietetics and speech pathology) in clinical scenarios where
demand for such intervention is high and workload distribution must be prioritised. As
described throughout this thesis, dietetic/nutritional and speech therapy interventions
demonstrate a significant benefit when adherence is sustained. Identification of patients at
highest risk of prolonged dysphagia, requiring feeding tube intervention, can ensure a
greater evidence-based, data-driven distribution of multidisciplinary resources to ensure
appropriate adherence to nutritional and swallowing exercise advice in such patients. The
potential impact to associated departmental costs is profound, enabling optimal care

pathways for those at highest need, without the need to draw on additional, costly resources.

The ability to stratify the risk of feeding tube use on the basis of clinical factors alone
provides an obvious clinical benefit for the timely, prophylactic intervention in HNC patients,
prior to the commencement of their radiotherapy. Despite this demonstrated benefit in the

Chapter 3 cohort, further analysis of radiotherapy treatment planning variables was required.

The swallowing mechanism is particularly complex and requires multiple interactions
between many structures. Dose to pertinent swallowing anatomy has the potential to
complement the clinical predictors (T-classification and level 2 lymphadenopathy)
demonstrated in Chapter 3. Chapter 5 presents such an analysis, introducing dosimetric
variables for ten pertinent swallowing structures in addition to the clinical variables. The
swallowing structures are described comprehensively in published guidelines.®® This
analysis was undertaken to ascertain if any additional dosimetric variables could be

attributed to an increased risk of prolonged feeding tube use. The findings of Chapter 4 were
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exclusive to dosimetry and variables pertinent with the radiotherapy treatment planning

pathway.

Chapter 5 built on the novel findings of Chapter 4. A base of tongue D50>61Gy and a
superior PCM D50>61Gy was found to be predictive of the need for prolonged feeding tube
use. Cervical oesophagus D50>36Gy was a significant predictor of both the need for and
prolonged duration of feeding tube use. These dosimetric endpoints facilitated the addition of
a dosimetric arm to the feeding tube risk stratification model. While these dosimetric findings
provide another layer of clarity to the risk stratification model, perhaps the most important
conclusion from this study was that, despite the addition of a dosimetric analysis, both T-
classification and level 2 lymphadenopathy remained significant predictors of prolonged
feeding tube use. While dosimetry provides additional justification, it is not mandatory to
initiate supportive care strategies in high-risk patients. The HNC radiotherapy pathway relies
heavily on uninterrupted delivery to facilitate optimal therapeutic outcomes.% 1% However,
this pathway risks being interrupted by an unscheduled, invasive surgical pPEG insertion
during radiotherapy. If we are to put this finding into a clinical context, the dosimetric
predictors may act as a complimentary addition to the risk stratification model described in
Chapter 4, due to the highly predictive significance of the two clinical variables in both
versions of the feeding tube risk stratification model. Yet, if the cervical oesophagus can be
avoided in treatment planning due to favourable tumour geography and geometry, this has
the potential to lead to more favourable feeding tube outcomes. What remains to be
undertaken is the validation of each of these significant findings in an independent, larger
cohort of HNC patients, via a prospective, longitudinal study, further consolidating this body

of evidence, and its applicability to the wider HNC population.

The findings derived in Chapter 6 build upon the novel clinical parameters unearthed in the
risk stratification model of Chapter 4. The risk stratification model demonstrates a simple tool

to identify patients at high risk of prolonged feeding tube use, based purely on duration of
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use. Chapter 6, however, presents an additional set of circumstances that must be
considered when forecasting the shifting demographic characteristics of current and future
HNC patients. With the significant paradigm shift towards HPV-associated cancers of the
oropharynx, in particular in the western world, the results of Chapter 6 must be used to
complement clinical decisions apportioned to the risk stratification model. The findings
present a clear divide between predicted feeding tube use and demonstrated weight loss,

suggestive of underlying contributing factors to poor adherence to nutritional advice.

While the differing physical attributes of an HPV-associated HNC patient are well known
(when compared to those of the traditional HPV-negative patient), there is still little published
data on HPV-associated patient reported barriers to nutritional recommendations. Despite a
decreased disease burden and a lower stratified risk of prolonged feeding tube use, a
significant increase in weight loss is witnessed in this cohort. When observing physical
(clinical and dosimetric) factors alone, this finding is contradictory to what would routinely be

expected when apportioning responsibility to prolonged feeding tube use.

While not definitive and requiring further investigation, these findings are suggestive of an
underlying patient consideration that has to date been otherwise under-appreciated, posing
a number of questions that demand further investigations. Why are these patients losing
more weight? Are they underreporting feeding tube use/compliance? Previous work has
demonstrated a greater psychosocial and informational need in HPV-associated HNC
patients, that has potential to complicate treatment and recovery if not met.2% 207 These are
guestions that all remain unanswered in this particular cohort of HNC patients. Future
prospective studies validating the findings of Chapters 4 and 5 would benefit from patient
reported endpoints being embedded in the methodology. The mechanisms behind patient
non-compliance must be better understood so that we can continue to evolve to the
individualised needs of HPV-associated HNC patients. Patient reported barriers and
subsequent strategies to enable optimal nutritional compliance are critical to further

complement the clinical value of tools such as the pPEG risk stratification model.
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The body of work detailed in this thesis has further added to the growing evidence base in
the management of radiation-induced dysphagia. However, like any body of work detailing a
DVO and/or clinical variable predictive relationship, we must recognise the inherent
limitations of the era in which the data was acquired, to ensure results are interpreted in the
appropriate relevant clinical context. Ongoing recommendations must endeavour to align
themselves with best practice, such that DVO data is representative of current, precision
radiotherapy. As previously detailed, an opportunity to validate these findings prospectively,
in a current clinical setting among a large cohort of patients, would further add value to the
recommendations derived from this body of work and presented in this thesis. Knowledge
based planning and proton therapy are just two examples of improved dose sculpting

capability that could further build on this body of work.

Additionally, it should be recognised that all of the data utilised in this thesis was collected at
a single institution. We recognise the significant benefits of utilising a single institution
cohort, which are uniform in target and OAR delineation and provide consistency in
treatment plan interpretation. Furthermore, this patient cohort was afforded equitable access
to multidisciplinary care (e.g. dietetics and speech pathology) and uniform, consistent patient
follow-up. However, there remains an exciting opportunity to validate these findings in an
external cohort. With the uniform methodology that was adhered to in each of these studies,
extrapolation to an equivalent external patient cohort in a single or multi-centre study should

be achievable with relative ease, regardless of the technology available.

7.2 Multidisciplinary Management of the Head and Neck Cancer Patient

In contrast to other cancer patients, the HNC patient demands a truly multidisciplinary
approach to their care pathway. Beyond the radiation oncologist, radiation therapist and
specialised radiation oncology nursing, HNC patients engage the services of an extensive

team of allied health professionals. Dietitians and speech pathologists are critically important
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to the management of treatment-induced dysphagia and subsequent return to a good quality
of life beyond their cancer treatment and cure. In Australia, we are extremely fortunate to
have access to such skilled, multidisciplinary professionals providing world-leading care for
HNC patients. However, this is not necessarily the case globally. The findings presented in
this thesis emphasise the importance of the multidisciplinary team in the optimal
management of HNC patients. We must continue to investigate strategies to provide

equitable care to this patient cohort.

Despite the rapid advances in radiotherapy treatment planning, our ability to sculpt dose
around critical, healthy structures is limited by complex tumour/OAR geographic
relationships in the head and neck. Subsequently, radiation induced dysphagia will continue
to demand significant allied health intervention to improve outcomes and optimise care.

Therefore, identification of patients at highest need of support remains a critical factor.

Treatment-induced dysphagia is chronic in nature for patients undergoing chemoradiation for
HNC. In a prospective cohort of 96 patients, a number of persistent, dysphagia- related
toxicities were identified as being present for up to three years post treatment and were
considered a barrier to oral food intake.??* Odynophagia and dysgeusia demonstrated
significant improvements in the six months following radiotherapy. However, xerostomia was
still reported in over 80% of cases at three years post treatment and seen as a barrier to oral
intake in more than 20% of the cohort.??* These findings highlight the importance of ongoing
speech therapy and dietetics counselling beyond radiotherapy, to ensure appropriate

management of these chronic toxicities.

The multidisciplinary relationship of HNC clinicians are fast becoming better understood.

Multiple review papers have demonstrated a dose/volume/outcome relationship between
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pertinent swallowing structures and key swallowing/nutritional outcome measures.??% 226
Pertinent swallowing anatomy, including but not limited to base of tongue, pharyngeal
constrictor muscles and oesophageal inlet, were associated with a number of key swallowing
endpoints six months post radiotherapy.??® End points (described in full by Cartmill et al,
2012) included Common Toxicity Criteria for Adverse Events (CTCAE) relating to dysphagia
and xerostomia; full diet versus modified diet following clinical swallow evaluation (CSE);
functional status using the Royal Brisbane Hospital Outcome Measure for Swallowing
(RBHOMS) following CSE; and patient-rated swallowing function using the MD Anderson
Dysphagia Inventory (MDADI) global score.??® A more recent review also demonstrated a
relationship between both objective and subjective swallowing endpoints and dose to
swallowing anatomy.??® Findings reported by both of these reviews demonstrate the critical
relationship that exists between the radiation oncology and speech/nutritional clinical teams.
Our novel clinical finding of level 2 lymphadenopathy and dosimetric relationships of cervical
oesophagus, base of tongue and superior PCM to feeding tube use, add further, valuable
contributions to the field. Further prospective studies investigating their relationship with a
greater myriad of swallowing/nutritional outcomes will further embed their value into the HNC

multidisciplinary decision-making pathways.

Despite comprehensive data highlighting the critical role of speech pathologists in the
optimal care of HNC radiotherapy patients, many clinics offering HNC radiotherapy are
unable to access adequate speech pathology services.'4117.227 Conversely, many services
are unable to offer complex HNC radiotherapy due to the unavailability of these critical allied
health services. This can lead to an increased strain on the service due to a saturation of
HNC patients in appropriately resourced clinics.??® As a consequence, available resources
are stretched. Risk stratification models that can better identify patients at high-risk of
prolonged feeding tube risk are crucial for enabling timely, personalised intervention. The

ability to appropriately distribute allied health resources to those at highest-need is pivotal to
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ensuring optimal toxicity outcomes are afforded all HNC patients. Additionally, evidence-
based risk stratification may actually enable low-risk patients to have their care closer to
home. If the appropriate, modified allied health support could be incorporated in their local
setting, the potential benefits to the patient and health care system are significant. A patient
may have the opportunity to remain at home throughout their treatment without their care

being compromised. The potential health and financial benefits are far reaching.

Another critical factor compromising optimal swallowing outcomes is patient adherence to
prescribed swallowing exercise programs. Two publications have highlighted poor
adherence across varying HNC populations (27% and 58% adherence).'82 22° A reliance on
patients to engage in self-directed swallowing rehabilitation regimens is a recognised barrier
to adherence.?® In a randomised study (n=79) of clinician-directed, patient-directed and tele-
practice-directed swallowing programs, overall adherence was poor (27%) over the six-
weeks of chemo-radiation therapy. Adherence was particularly poor in the latter half of
treatment (weeks 4-6), compared to the first three weeks (p=0.036). However, of particular
value in this study was the finding that adherence to swallowing exercises was significantly
worse in the patient-directed cohort in weeks 1-3 of treatment, when compared to the
clinician-directed cohort (26% v 43%, p=0.014) cohort. A trend towards significance was also
witnessed when comparing the patient directed cohort and the tele-practice directed cohorts
(26% v 36%, p=0.064). These results present an interesting conundrum, whereby data
clearly demonstrates improved adherence when clinicians are engaged with the patient,
whether by direct or ‘tele’ interactions. However, with speech pathology resources stretched,
this doesn’t appear feasible for all patients. While the economic value of a tele-practice
swallowing program has been shown to demonstrate a significant cost saving, additional
data to optimise HNC patient triage would only further minimise the economic footprint of
such a program.2? Further qualitative work, exploring patients’ perception of tele-practice,
enhances understanding of the value of the service. This has the potential to build further

evidence of value on top of the demonstrated clinical benefit. The findings presented in this
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thesis can provide immediate impact to enable optimal resource distribution in both

conventional practice and across innovative platforms such as tele-practice.

Finally, when detailing the many members of the multidisciplinary team responsible for
shaping the treatment journey for a HNC patient, perhaps one of the most important
elements is often overlooked. Carers play a critical role in dysphagia management. They are
present more than any member of the multidisciplinary team and are paramount in ensuring
that patients adhere to nutritional advice and interventions. However, carers often feel ill-
prepared for their role as a key member of the ‘multidisciplinary’ dysphagia management
team.?3° The findings of this study successfully describe the impact of dysphagia on the
everyday lives of carers, not only with respect to meal preparation and nutritional
maintenance of the HNC patient, but the implications for social engagement and maintaining
normality in family life.?%° In the study of twelve carers, four key themes were derived- the
role of dysphagia in disrupting daily life, the need for carers to make adjustments, the
disconnect that lies between carers’ expectations and the reality of dysphagia, and carers’
experiences of available supports and services.??® Each of these themes describe the ill-
preparedness carers felt with regard to their dysphagia management responsibilities. We, as
a treating team, must undertake further work to better understand the role of the carer in the
patient journey. They are the ‘unsung hero’ in the multidisciplinary care of the patient to
ensure complex management strategies are adhered to and acute toxicities managed. Their
‘worth’ is perhaps best understood in their absence, where a dearth of identifiable support
networks demonstrates inferior treatment related outcomes. In a study of race-based HNC
outcomes in the United States, African-American patients who were unmarried, unemployed
and had inferior access to healthcare, demonstrated poorer local regional control (p=0.033)
and overall survival (p=0.004) compared to equivalent Anglo-Saxon Americans.?! The
findings of this thesis, and in particular Chapter 6, demonstrate a disconnect between
feeding tube utilisation and optimal weight management. We have hypothesised an

underlying patient consideration to dysphagia management beyond physical, clinical patient
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attributes. The role of the carer was not investigated in any of our studies. Existing evidence
suggests that their experiences and preparedness are vitally important to optimal patient
care during a course of radiation therapy. In addition to risk stratification models and a better
patient education, identification and integration of the carer into optimal care pathways
appears vitally important to complement the key findings from our work. More work needs to

be done to further our understanding in this area.

7.3 Dosimetric/Clinical Considerations in Head and Neck Radiotherapy: Where to from

here?

The underlying theme throughout the large majority of the studies performed in this thesis
has been the development of clinically useful risk stratification models to better predict the
need for feeding tube intervention in head and neck cancer patients. Not only does timely
risk stratification enable a proactive approach to toxicity management, but it also allows

resource distribution to enable appropriate care for those patients with the highest needs.

The rapidly-evolving field of radiation oncology will ensure that predictive/risk-stratification
models such as those developed and described in this thesis, will need to constantly evolve
with changing practice. Evolution is imperative to ensure we remain at the cutting edge of

care we can afford our patients.

Feeding tube risk stratification models currently exist that drive informed decision making
with respect to the need for feeding tube insertion. Guidelines developed at the Royal
Brisbane and Women’s Hospital were derived via a combination of available clinical
evidence and expert consensus.?* Type of cancer, treatment approach and the presence of
pre-existing dysphagia and/or malnutrition are all utilised to help appropriately identify a
patient’s likelihood of feeding tube dependence. Subsequent validation of this model in a
prospective model has demonstrated good swallowing outcomes in the majority of patients,

depicting the value of their proactive treatment strategy.?® The findings described in this
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thesis further add to and complement this earlier body of work. There should not be a need
to use one model in favour of another, but an opportunity to derive the prominent features of
each to enable a better-informed decision. The addition of pertinent clinical and dosimetric
variables provides greater clarity to decision making, and in particular for those patients

undergoing a course of definitive radiotherapy (+/- chemotherapy).

Multiple groups continue to add to the literature in the realm of radiation-induced dysphagia
management, describing what clinical and dosimetric factors continue to be of particular
relevance in predicting and minimising the impact of this debilitating toxicity. A 2017 study
demonstrated a significantly longer duration of feeding tube placement (1.18 times longer,
p=0.03) when three-dimensional conformal radiotherapy (3DCRT) was used instead of
intensity modulated radiotherapy (IMRT).23* Malnutrition risk and a HPV-associated disease
were significant predictors of a need for proactive feeding tube placement, demonstrating a
4.5 and 4.4 times greater risk for feeding tube placement, respectively.*® Furthermore, more
recent work has reported on a number of critical factors linked to persistent feeding tube use
at six-month follow-up.??> 235 In a systematic review of prognostic factors for feeding tube
dependence post curative chemoradiation, advanced tumour and nodal stage, pre-treatment
weight loss, bilateral neck irradiation, (concomitant) chemotherapy and a prophylactic
gastrostomy policy were prognostic for tube feeding dependence for patients up to six
months post-radiotherapy, as well as beyond six months. Interestingly, additional variables
such as narcotics abuse and living alone at time of treatment were predictors of increased
feeding tube requirement for the 6-month period post-treatment.??2 A number of key
dosimetric findings indicative of both acute and late feeding dependence were also reported
in the literature.??> Dose to the larynx, the pharyngeal constrictor muscle inferior and superior
and the contralateral parotid gland were all significant predictors of acute and late feeding
tube dependence as detailed in the systematic review. Additionally, dose and volume of
irradiated oral mucosa was critical in the development of acute complications such as

mucositis, especially when combined with the toxic effects of chemotherapy. Radiation
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induced mucositis may in fact lead to periods of feeding tube use due to the pain it
generates when eating. Mucositis may not directly affect the swallowing structures.
However, it can play a secondary role in the deconditioning of swallowing muscles when it

affords feeding tube use.

Finally, as investigated in Chapter 6 of this thesis, a reduction in salivary gland dose, in
particular the submandibular glands (SMG), can have a positive impact on patient reported
outcomes.?*% 27 While the results of our study did not demonstrate a definitive benefit for
SMG dose reduction with respect to tube dependence, the impact on patient reported QoL
was not measured, and therefore, not evaluated in our patient cohort. Most recently, a mean
dose of less than 39Gy to the SMG was demonstrated to improve patient reported outcomes
with regard to patient reported xerostomia.?*¢ An additional study reported similar findings,
suggesting that a mean dose of less than 39Gy to SMG could be attained with a slight
compromise of target coverage in low risk, neck nodal target volumes.?*” In doing so, the

authors recommended further validation of SMG sparing in a randomised clinical trial.

As witnessed throughout this chapter (7) and Chapter 2 of this thesis, there is a wealth of
data depicting a wide array of clinical and dosimetric variables predictive of objective (i.e.
feeding tube dependence, weight loss) and subjective clinician (i.e. CTCAE scoring)
outcome measures. This evidence base will continue to evolve, considering the multitude of
tools we currently have available clinically to precisely sculpt dose to complex radiotherapy
target volumes. However, there remains a paucity of good, robust clinical data correlating
patient reported outcomes with these heavily reported objective and clinician subjective
measures. This view is supported in a recent review, which recognises the lack of current,

readily available evidence inclusive of patient reported outcome measures.?*®

To ensure high quality outcome data, extensive follow-up for up to two years post
radiotherapy, must be included in all longitudinal studies. While feeding tube use is likely to
have ceased within this two-year period, it is important to understand persistent patient

barriers to optimal QoL, regardless of severity. All prospective HNC clinical trials must, at the
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very least, incorporate patient reported outcomes and QoL measures as part of the
methodology during and beyond treatment/follow up. This thesis has demonstrated the
potentially valuable role of such data in complementing clinically useful predictive tools like

those generated in our studies.

7.4 The head and neck cancer patient: Now and the future

The body of work and patient population comprising the analysis in this thesis has taken
place over a number of years. As previously described, throughout this time, there has been
a gquantum shift in the stereotypical head and neck patient who presents for radiotherapy.
Furthermore, and perhaps the best recognition of the growing burden of HPV-associated
disease in HNC (and all HPV-associated malignancies), is the inclusion of HPV-related
cancers in the most recently published global cancer registry- figures that were not captured

in previous iterations.?'’

Recognition of HPV-associated cancers as a significant development in the immediate future
of cancer diagnoses was the consequence of a deeper analysis of cancers attributable to
infections.?° Nearly two million cancers were attributed to infection in 2012, of which 30% (or
640,000) were attributed to HPV, second only to helicobacter pylori (35.4%), an infection
commonly associated with high frequency gastrointestinal malignancies of the liver and
stomach. Of the 96,000 cases of reported oropharyngeal cancer, 30.8% were attributed to
HPV-associated disease.?® It should be noted that these figures are inclusive of
geographical regions with typically low incidence of HPV-associated oropharyngeal
carcinoma (e.g. India and China), resulting in a markedly higher incidence in western
countries, including Australia (refer to Table 14 for the frequencies of HPV attributable
oropharyngeal carcinoma, by country/region). With HPV-associated cancer incidence yet to
peak, the prevalence of HPV-associated oropharyngeal cancer will continue to grow in the

immediate and short term placing increased burden on cancer services.
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Table 14. Frequency of HPV attributable oropharyngeal carcinoma, by country/region®°

HPV (high-risk type) Region HPV-attributable fraction (95% CI)

Carcinoma of the oropharynx, North America 51% (47-55)

including tonsils and base of tongue
North-West Europe | 42% (34-47)
East Europe 50% (39-57)
South Europe 24% (17-30)
China 23% (17-27)
Japan 46% (39-59)
India 22% (5-44)
South Korea 60% (46-70)
Australia 41% (32-47)
Elsewhere 13% (5-23)
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Apart from this demographic shift, HPV-associated HNC patients are also presenting with
different symptoms of their disease compared to their HPV-negative HNC counterparts. As
described in chapter 1, preliminary data to support the increased prevalence of neck mass
and sore throat as early symptoms of patients with squamous cell carcinoma (SCC) of the
oropharynx has been reported.” However, it is patients with HPV-associated oropharyngeal
carcinoma who more commonly report with neck lymphadenopathy as a presenting
symptom, compared to the primary disease related symptoms of HPV-negative patients,

including sore throat, dysphagia, and/or odynophagia.’

Incidence and severity of acute, radiation induced toxicities of the HPV-associated HNC
population are only beginning to be better understood. An increase in incidence of treatment-
related early toxicities has been reported, with HPV-positive and non-smoking status
correlating with increased risk of high-grade mucositis and associated outcomes. Such
outcomes often contribute to the need for nutritional intervention.?*® Furthermore, and similar
to the findings of Chapter 6, others have reported a correlation between acute weight loss
and HPV-associated oropharyngeal disease.?’® The reasons for a spike in acute toxicities in
the HPV-associated HNC population is not fully understood, considering the relative
equipoise in radiation therapy (and concurrent chemotherapy) regimens with HPV-unrelated
disease. Better appreciating this link is critical to the optimal application of lessons learnt

from this thesis, so that they can be modified to meet the individual patient needs.

Notwithstanding the marked physical discrepancies between these two distinct, HPV-
distinguished patient cohorts, we are also only beginning to better appreciate the
psychological hurdles of a HNC patient, regardless of HPV status. In 2018, it was reported
that HNC patients (in their entirety) present with a three-fold increase in depressive disorders
when compared to a comparative healthy patient cohort.?** These findings were further
supported by another study, suggestive of an association between patient eating and pain

reported outcomes and depression.?*? This study reported that changes in depressive
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symptoms over time were associated with same-months changes in weight loss (p=0.041),
and further, changes in weight loss were associated with same-month changes in
depressive symptoms (p=0.15).24?> Both studies suggest that a link between depressive
symptoms, poor patient reported outcomes and associated weight loss exists, regardless of
HPV-status, albeit, more commonly seen as a late sequalae.?*? While there is no available
data that we are aware of describing an equivalent association in HPV-associated HNC
alone, our findings demonstrate a significant discrepancy in weight loss between HPV-
associated cancers and those without. Is depression playing a pronounced role in this
patient cohort, in the acute setting, contributing to increased on-treatment weight loss? This
guestion remains unanswered and would benefit from further investigation in a prospective
study. A greater understanding of the link between HPV-associated HNC and depression (if
any) would certainly assist in formulating more personalised strategies to weight
management to complement predictive models established in this thesis.

There is limited data to support a contributory role of HPV-status to patient wellbeing. Recent
findings have reported HPV status as an important marker of appropriate symptom
management strategies.?*®* HNC patients with HPV-unrelated disease reported significantly
higher levels of fatigue at baseline (p=0.001) and three months post radiotherapy (p=0.002),
suggestive of persistent fatigue, unrelated to their diagnosis. On the other hand, fatigue from
baseline to one-month post radiotherapy demonstrated was significantly elevated among
HPV-associated HNC patients (p=0.001). A correlation between treatment and increased
levels of fatigue was subsequently reported in the HPV-associated cohort. As a
consequence, acute fatigue symptom management strategies were recommended for HPV-
associated oropharyngeal cancer patients undergoing chemoradiotherapy. The Radiation
Therapy Oncology Group (RTOG) 0129 also reported similar findings for patient reported
QoL and performance status.?** HPV-associated HNC patients reported a significant
decrease in patient reported QoL/performance status (p<0.0001) from baseline to the final
two weeks of radiotherapy, despite having a higher relative reported QoL at baseline.?**

While an association between fatigue and psychological conditions such as depression in
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HPV-associated HNC has not been reported to date, the findings in each of these studies,
combined with those of this thesis, warrant further investigation. Is fatigue a symptom of
depression, which has a previously demonstrated relationship with weight loss in HNC
patients? It is reasonable to hypothesise that there may be an underlying alliance, which
may help us better understand the findings of Chapter 6 of this thesis. Were our HPV-
associated HNC patients losing more weight because they have increased levels of fatigue,
leading to depressive symptoms? Without patient reported outcomes in this study, we are
unable to validate such relationships. Alternatively, are we placing too great an emphasis on
the relationship between HPV-related disease, depression and weight loss? Recent findings
have reported that radiation induced toxicities have a significant impact on oral intake.??*
Considering HPV-associated malignancies are primarily in the oropharynx, in close proximity
to dysphagia-associated structures, is it this relationship that is the main contributor to
increased weight loss in this cohort? Both theories described in the literature would suggest
that it may be a complex mix of both. We must therefore delve further into the patient
experience to better understand patient barriers inhibiting effective nutritional management
throughout the course of radiotherapy, while also considering the toxicity inducing location of
these tumours. Subsequently, the independent findings of this thesis and each of these
studies demand further investigation in a combined prospective study to ascertain definitively

whether an association exists.

The value of QoL in HNC patients is well recognised, due to the debilitating side effects of
treatment.?*> However, despite the availability of multiple disease specific validated QoL
tools, until recently, there remains a paucity of evidence in the QoL literature for HNC.?%
The RTOG 0129 trial comparing standard radiation versus accelerated radiation plus
cetuximab, introduced a study design that was appropriately powered to elucidate any
differences between the cancer specific measures of Performance Status Scale for the Head
and Neck (PSS-HN), Head and Neck Radiotherapy Questionnaire (HNRQ), and the Spitzer

Quiality of Life Index (SQLI). These measures were captured at eight time points from pre-
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treatment to five years post radiotherapy, providing extensive 5-year QoL follow-up.?** While
this study demonstrated no difference in QoL between the two cohorts, it set a framework for
future HNC QoL studies, demonstrating a valuable and feasible platform to collect high
guality QoL data. Consequently, multiple publications purport that patient reported outcomes
(PRO) should be used to complement QoL in the setting of future randomised clinical

trials.245 246

Further studies which built upon the framework established back in 2002 at the
commencement of RTOG 0129, have subsequently demonstrated the value of good quality
QoL studies in HNC. Each reported that a good QoL prior to the commencement of
treatment was an independent prognostic variable for improved survival post treatment.247-24°
Furthermore, HPV-associated HNC was correlated with a better QoL life before and after
treatment, but with a significant reduction in QoL during treatment itself. The Trans-Tasman
Radiation Oncology Group (TROG) further supported these results, demonstrating
equivalent findings linking a positive HPV status with a good QoL pre and post treatment,
and a reduction in QoL during radiotherapy, in a cohort of 200 patients during and after
chemoradiation.?*® Such compelling evidence propagates a strong case for deescalating
treatment strategies in the favourable prognosis of HPV-associated oropharyngeal cancer
cohort, while also facilitating an improved QoL during the widely reported decline in quality of
life experienced while undergoing treatment.?*> Subsequent recommendations for treatment
de-escalation, whist providing a platform for improved QolL, place greater significance on the
findings presented in Chapter 6, with a risk of increased weight loss demonstrated in this

patient cohort.

7.5 Treatment de-intensification and radiation dose de-escalation

The concept of radiotherapy dose de-escalation was first introduced in Chapter 6. Dose de-

escalation aims to minimise radiation induced toxicities such as dysphagia, at the same time
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as maintaining equivalent disease control. As discussed, this places an even greater
importance on optimal on-treatment weight maintenance, as the opportunity for ‘double’
dose de-escalation is increased with a lower delivered dose, coupled with a patient at higher
risk of geometric uncertainty due to their increased risk of on-treatment weight loss. Although
this approach is very much in its infancy, the preliminary clinical data is promising. In a study
of dose de-escalation to the elective neck, the reported actuarial rate of lymph node
recurrence (3.9% at 2 years, N=233) in a cohort receiving a lower prescribed dose (40Gy) to
the elective neck was comparable to equivalent cohorts receiving a standard 50Gy, albeit, in
different cohorts.?1253 Despite these promising findings, this study only presented a single,
dose de-escalated arm. A prospective, randomisation of both of these dose cohorts (40Gy v
50Gy) would further validate the purported benefit of this dose de-escalation. These findings
suggest that a lower dose to elective nodal stations does not necessarily lead to a higher
rate of regional recurrence. This was supported in a cohort receiving elective nodal dose
prescriptions at 15-20% lower than standard of care.?* Lower doses were associated with a
comparable incidence of progression-free survival to a cohort receiving historical regimens,
while demonstrating an improved toxicity profile as a consequence of the lower therapeutic
dose. Only one of 44 patients (2%) undertaking this modified regimen was feeding tube
reliant at three months post-radiotherapy. None were dependent at six months. These early
findings suggest that this regimen is extremely tolerable with respect to radiation induced
dysphagia. Furthermore, disease control is not compromised as a result of this toxicity
reduction. Another group also demonstrated favourable QoL outcomes in patient delivered
de-escalated radiotherapy compared to historical controls, further adding to the evidence
base supporting wider application of de-intensification treatment strategies.?®> A compelling
counter argument to the double de-escalation risk which was earlier hypothesised, may well
be based on the assumption that by reducing dose, you are in fact reducing treatment
related toxicities, and in turn, minimising the risk of acute toxicity leading to weight loss. Do

they effectively cancel each other out? We are yet to uncover the answer to this question.
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Both sides of the argument, however, require further, prospective investigation to provide

definitive data before even approaching an answer to this theory.

Despite the early clinical evidence supporting treatment de-intensification in favour of a
reduced toxicity profile, patients with HNC still overwhelmingly prioritise cure over survival
and swallowing outcomes.?*® Regardless of HPV status, there is a demonstrated preference
for the prioritisation of oncologic outcomes (i.e. disease related) over non-oncologic
outcomes (i.e. treatment-induced toxicities). Patients included in the above study prioritised
cure over survival and toxicity. Seventy-five percent of the one-hundred and fifty survey
respondents ranked cure as their highest priority.?*® However, as age was incrementally
increased per decade, survival was deemed less important (odds ratio, 0.72; 95% ClI, 0.52-
1.00). Patients over the age of 75 frequently reported survival and/or cure as a lower priority
over toxicity (median rank, 6; interquartile range, 2-11). Considering that HPV-associated

HNC is predominantly seen in younger patients, this finding is of limited value.

We must therefore, in the knowledge that the large majority of the available clinical data is
not subject to long-term follow-up, proceed with treatment de-intensification with cautious
optimism and engage the patient in a comprehensive model of shared decision making. This
view is shared by many. The American Society of Clinical Oncology (ASCO), has very
recently provided a commentary on de-escalation strategies across the three main
modalities for OPC- surgery, chemotherapy and radiation therapy. They stipulate that,
although preliminary data is encouraging, de-escalation must only occur under the strict
governance of a well-designed clinical trial.?*” Another study concluded that de-
intensification of treatment from chemoradiotherapy to radiotherapy or surgery alone, in
cases of HPV1 AJCC eighth edition stage | or stage Il disease, may in fact compromise
patient safety.?*® Furthermore, a third study concluded that “until mature results from
prospective phase 3 clinical trials are available, we recommend caution in the de-

intensification of therapy particularly as current therapy achieves high rates of long-term
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disease control”.?%® All of these studies don’t dismiss the demonstrated early gains of dose
de-escalation to patient disease and toxicity outcomes. However, they provide a voice of
reason that must be considered in the absence of demonstrated, repeatable, highest quality
clinical data that can only mature with time. To ensure robust clinical trial outcome data,
optimal nutritional management must be integrated into such well-designed clinical trials, to
mitigate the contribution of confounding variables (such as weight loss) when analysing the
effectiveness of treatment deintensification. Risk stratifying HNC patients for feeding tube

use can play a key role in ensuring this.

7.6  HPV vaccination and screening programs

Despite the rapid onset of HPV-associated oropharyngeal cancers in the western world
(including Australia), HNC still remains rare when compared to other tumour sites.
Subsequently, national screening initiatives like we see in breast, bowel and prostate cancer,
are difficult to institute. The demographic shift towards HPV-associated disease also
minimises openings for conventional screening opportunities such as pre-cancerous plaques

in the oral mucosa.?®°

Yet, the biggest opportunity for management of not only HPV-associated HNC, but other
sites of HPV-associated disease including the cervix, is via globally supported HPV
vaccination programs. In the previous 10-15 years, most countries across Europe, North
America and Australia have adopted local HPV vaccination programs, with a primary target
population of adolescent girls, the most susceptible to HPV-associated cervical cancer,
where 100% of cases are associated with HPV infection.?*® Despite vaccination uptake
ranging from 30 to 80% across these countries, there remains a substantial opportunity for
HPV vaccination programs to play a critical role in the field of HNC cancers.?! If HPV

vaccination via a standardised and well organised program is a continued priority amongst
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adolescents, both female and male, there lies an opportunity to make a dent into the

incidence of HPV-associated HNC.

A recent commentary takes a well measured view with respect to the efficacy of HPV
vaccination for HNC.2%° The authors suggest that it is still a little premature to consider a
HPV vaccination program as the definitive solution to reduce the global burden of HNC.
However, there are grounds for optimism if we are to extrapolate the significant gains of the
cervical cancer vaccination experience.?®® With time, and the anticipated benefits of
coverage or ‘herd’ immunity, we can be quietly confident of making an impact into the global
HPV-associated cancer footprint for all affected tumour sites. An excellent safety profile
accompanies HPV and many other vaccinations, allowing for extensive roll out and
thorough, longitudinal follow up.?%? This, however, may take many years to come to fruition.
Recent projections from the US cancer registry paint a comprehensive forecast for the
incidence of HPV-associated cancers in the US over the next decade. Based on forecasts
from birth cohorts ranging from 1939 to 1969, a rapid increase in HPV-associated cancers is
predicted in older white men (65 to 74 years- 40.7 to 71.2 per 100,000; 75 to 84 years- 25.7
to 50.1 per 100,000).25% With a predicted 50% increase in US citizens aged 65 years or older
leading into the year 2029, a significant shift in disease burden is anticipated.?®® This shift is
thought to be primarily apportioned to the change in sexual behaviours in cohorts born
between the 1930s and 1950s.2%* While the cohorts that have been the subject of early
investigations have been primarily younger, this demographic is shifting. These affected birth
cohorts are getting older, and consequently, are presenting with HPV-associated HNC later
in life. Subsequently, although modest forecasts for HPV-associated HNC are predicted for
birth cohorts post the 1960s, this is not fully understood.?®® The introduction of vaccination
programs, together with time, limit the quality of this data at this point in time. The true
benefits of a quality vaccination program won'’t be realised until those vaccinated are at

highest risk of disease expression. Although younger, this cohort is still generally older than
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50 years of age. In the interim, we must continue to develop strategies to counter the

growing- and yet to peak- HPV-associated HNC population.

One of the aims of this thesis was to develop a tool to assist risk stratify feeding tube use in
HNC patients. The value of such a tool is in its complementary use with good
multidisciplinary, clinical judgement, reflective of the individual patient. The contents of this
thesis not only provide a series of clinical findings to better stratify feeding tube risk, but aim
to give them clinical currency. Understanding both the current and projected patterns of HNC
incidence is imperative to extracting maximum value from the risk stratification tool. This is
very much inclusive of the patterns of HPV-associated disease. The intricacies of the HPV-
associated cohort, in particular, the predicted shift towards an older population, will need to
be considered in an evolving risk stratification tool. The framework established in the
development of the risk stratification tool provides an ongoing, valuable contribution to the
field. It is not only valid in the present, but is able to be modified with due consideration for

future HNC populations.
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Chapter 8: Conclusion and future directions

Radiation induced dysphagia is arguably the most debilitating of toxicities associated with a
course of head and neck radiotherapy. It has been the subject of extensive investigation,
with respect to contributary clinical and dosimetric variables, acute and late management
strategies, and more recently, its impact on the quality of life of patients throughout and

beyond their cancer diagnosis.

The title of this thesis, “Improving Dysphagia Quality of Life Outcomes in Patients Receiving
Head and Neck Radiotherapy”, formed the foundation for each of the chapters that
encapsulate this body of work, with each chapter aiming to build on the established evidence
base by providing a valuable contribution to a group of patients who , endure toxicities
which affect their quality of life - both in the short and the long term. Chapter 3 adds
immediate value to a set of DVO recommendations that are only validated for late
dysphagia, by giving them applicability in the understanding of acute radiation-induced
dysphagia. This understanding is critical in modern, precision radiotherapy, where acute
toxicity management, treatment tolerance and subsequent weight management are pertinent
to optimal treatment delivery and patient outcomes. Furthermore, it answered a recognised
gap in the literature as detailed in the QUANTEC reports.1’? Chapters 4 and 5 performed a
comprehensive analysis of clinical and dosimetric variables to better appreciate the key
prognostic variables that predict prolonged feeding tube use, both in the acute (on-
treatment) phase and extending beyond into post-radiotherapy side effect management. The
risk stratification tool, propagated from the key findings of T-classification and level 2
lymphadenopathy, makes a significant contribution to the literature, and more importantly,
provides a tool for immediate clinical value. Not only does it support evidence based
nutritional intervention decision making and appropriate allied health resource prioritisation, it
also facilitates an improved patient/clinician informed consent process, where patients are
better equipped and educated to rightfully contribute to complex, medical decisions. Finally,

Chapter 6 provides a valuable insight into the modern-day HNC radiotherapy patient,
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whereby HPV-associated disease has transformed the patient demographic that presents for
treatment. This chapter reported some significant outcomes with respect to weight loss in
this HPV-assaociated patient cohort. However, it perhaps raised even more questions that
must be at the forefront of future prospective trials as we look to better understand both the
physical and mental attributes of our patients that help or hinder our ability to provide optimal

patient care.

The yet-to-peak HPV epidemic within our society provides many exciting opportunities for
ongoing research in the space of HNC dysphagia management. Like the majority of tumour
sites, there are rapid developments in all facets of HNC radiotherapy- complementary
diagnostic imaging, treatment planning and delivery and image guidance. However, it is the
unique opportunity to combine this development with a changing HNC patient demographic,
that provides a challenging, yet exciting, platform for clinical research. Will DVO data further
evolve with the recent adoption of dose de-escalation strategies? Will we be capable of
avoiding exposing critical swallowing anatomy that were otherwise unavoidable with
previous dose regimes and technologies? One of the single biggest questions that requires
immediate attention, as recognised in these thesis findings, is how can we better manage
radiation-induced dysphagia (and other toxicities) in a cohort of patients that presents as a
polar opposite to the traditional HNC patient, on which the large majority of our clinical

evidence base is derived from.

We are at the forefront of many new technologies that could change the way we deliver HNC
radiotherapy. Proton therapy has the potential to be a real ‘game changer’ with respect to
toxicity reduction, especially in Australia where proton therapy clinical operations will
commence in the very near future. The evolution of the magnetic resonance imaging (MRI)
linear accelerator, while very much in its clinical infancy, provides a dynamic platform for
improved radiotherapy practice. Image guidance, with potential for margin reduction and
radiotherapy plan adaptation, leading to possible gains in toxicity profiles, is one such

possibility. Will soon-to-accrue local clinical trials investigating the role of immunotherapy in
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HPV-associated head and neck cancers revolutionise the role of radiotherapy like it has in
other malignancies? Furthermore, will the somewhat forgotten art of brachytherapy make a

renaissance in the treatment of HNC?

With each of these variations in practice, the role of the multidisciplinary team must evolve. It
must be driven by clinical, patient reported and QoL outcome data, so that radiation-induced
dysphagia management strategies can be continually adapted to meet the individual needs
of each and every patient. Available DVO data on radiation dose de-escalation is also in its
infancy and will no doubt continue to shape future research methodologies, and

subsequently, clinical practice.

Finally, what we don’t currently fully appreciate is what we don’t know. Over the course of
this thesis, eight years, the field of HNC radiotherapy has significantly evolved. This has
impacted the rapidly evolving profession of radiation oncology. However, unlike many other
cancer profiles, the way in which we understand HNC, and most importantly, its patient
population, has changed significantly. This understanding, constantly improving as new data
is published, poses many challenges. These are exciting challenges and opportunities to
further improve optimised quality of life outcomes for HNC radiotherapy patients for many

years to come.
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Chapter 10: Appendices

10.1 Appendix A: Dissemination of Findings
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ORIGINAL ARTICLE

Dose-volume response in acute dysphagia toxicity: Validating QUANTEC
recommendations into clinical practice for head and neck radiotherapy

NIGEL J. ANDERSON !, MORIKATSU WADA !, MICHAL SCHNEIDER-KOLSKY? ,
MAUREEN ROLFO! , DARYL LIMJOON! & VINCENT KHOO 124

! Department of Radiation Oncology, Austin Health, Heidelberg Heights, Victoria, Australia, > Department
of Clinical Oncology, Royal Marsden Hospital and Institute of Cancer Research, London, UK, 3 Department
of Medical Imaging and Radiation Sciences, Monash University, Victoria, Australia and * Department of
Medicine, University of Melbourne, Victoria, Australia

Purpose. To determine the validity of QUANTEC recommendations in predicting acute dysphagia using

ABSTRACT -

intensitymodulated head and neck radiotherapy.

Material and methods. Seventy-six consecutive patients with locally advanced squamous cell carcinoma
(SCC) of the head and neck / systemic therapy were analyzed. Multiple dose parameters for the larynx
(V50Gy, Dmean and Dmax) were recorded. Acute dysphagia toxicity was prospectively scored in all
treatment weeks (week 1- 6 or 1-7) using CTCAEvV3 by three blinded investigators. QUANTEC larynx
recommendations (V50Gy 27%, Dmean 44 Gy, Dmean 40 Gy, Dmax 66 Gy) were used to group the
cohort (i.e. V50Gy 27% vs. V50Gy 27%). The proportion of patients with Grade 3 dysphagia was
compared within each group.

Results. There was a signifi cant reduction in the incidence of grade 3 toxicity in the V50Gy or 27%
group at week 5 (14.3% vs. 45.2%, p  0.01) and 6 (25.9% vs. 65.9%, p  0.01). A signifi cant reduction at
week 5 (14.7% vs. 50.0, p 0.02) and 6 (32.4% vs. 67.6%, p  0.01) was seen in Dmean 4 4 Gy when
compared to Dmean 44 Gy. Dmean 40 Gy also delivered a signifi cant reduction at week 5 (5.6% vs.
42.3%, p 0.01) and week 6 (23.5% vs. 59.3%, p  0.01). A signifi cant toxicity reduction at treatment week
6 (28.0% vs. 63.0%, p 0 01) was seen from Dmax 66 Gy to Dmax 66 Gy. V50Gy 27% (p 0.01),
Dmean 40Gy (p 0.01)and Dmax 66 Gy (p 0.01) were also predictors of Grade 3 dysphagia when
analyzed with multiple clinical risk factors.

Conclusions. QUANTEC late toxicity recommendations for dose to larynx during IMRT are a useful
predictor for acute dysphagia toxicity in this patient cohort. Furthermore, this included chemoradiotherapy
regimes and post-operative radiotherapy patients, allowing for prophylactic implementation of supportive
care measures.

The Quantitative Analysis of Normal Tissue Effects with improved data to facilitate effective

in the Clinic (QUANTEC) series of articles provides utilization of more sophisticated planning, delivery
a summary of updated dose/volume/outcome and imaging systems in steering precision dose
data to refi ne current dose-volume deposition [2].

recommendations, previously defi ned via the
recommendations of Emami et al. [1]. The
QUANTEC dose/volume/outcome data was
generated to provide the radiotherapy planner



Validating QUANTEC recommendations for acute dysphagia 1306

Radiation-induced dysphagia is strongly
correlated to laryngeal dose in patients receiving
defi nitive head and neck chemo-radiation. This
was addressed by the QUANTEC report [3— 5].
Inadvertent dose deposition to adjacent high dose
target volumes often hastens the onset of
radiotherapy (RT)-induced acute mucositis and
laryngeal edema, resulting in a disruption to the
swallowing mechanism and its associated
structures. However, swallowing is a complex,

from this review. The study was approved by our
institutional ethics committee.

Treatment planning

The prescribed doses were planned via a
simultaneous integrated boost (SIB), to a gross
tumor volume (GTV), high risk clinical target
volume (CTV) and low risk CTV. Dose to GTV (60 —
70 Gy), high risk CTV (60 — 63 Gy) and low risk CTV
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multifaceted mechanism. The functional role of
each anatomical structure is inter-related.
Therefore, isolating the role of each anatomical
structure in RT-induced dysphagia can be
somewhat challenging. The QUANTEC report
suggests that late dysphagia is often a
consequence of acute oral mucositis, and that
acute dysphagia may be a predictor of late
swallowing complication [6]. Our study aimed to
address these questions, by validating the
recommendations of the QUANTEC report to
determine their usefulness in predicting acute
dysphagia, through an analysis of
dose/volume/outcome in glottic/supraglottic
larynx in defi nitive head and neck patients treated
at our center. Furthermore, this study aimed to
establish if systemic therapy and RT delivered
post-operatively (PORT) affects this
dose/volume/outcome relationship, and whether
late QUANTEC recommendations are still relevant
in predicting acute dysphagia within chemo-
radiotherapy and PORT regimes.

Material and methods

Seventy-six consecutive patients with locally
advanced squamous cell carcinoma (SCC) of the
head and neck, treated with intensity modulated
radiotherapy (IMRT 60— 70 Gy) defi nitively or
PORT / systemic therapy between 2008 and
2011 were analyzed. Patients with primary
laryngeal disease and reirradiation were excluded

(54— 56 Gy) was planned at fi ve fractions per
week over 6— 7 weeks. Treatment regime (i.e.
pre/post-operative RT, / systemic therapy)
contributed to the RT treatment length. Each
target was expanded with a departmental
protocol margin (1 cm GTV to CTV, 0.5 cm CTV to
PTV) to form PTV 1, PTV ; and PTV 3, respectively.

Optimized IMRT plans, deliverable via 7— 9
equally spaced step-and-shoot segmented beams
on a 6 MV linear accelerator (Elekta Synergy,
Elekta Oncology, Crawley, UK), were generated
using both the Elekta CMS XiO and Monaco
treatment planning systems (TPS) (Elekta CMS
Software, St Louis, MO, USA) on 0.25cm computed
tomography (CT) slices.

Dose mean (Dmean), dose maximum (Dmax)
and V50Gy of glottic and supraglottic larynx
(referred to as “ larynx’ for the remainder of
article) were recorded for each patient dataset. A
dose-volume constraint of V50Gy 30% was used
for all patients (if clinically achievable). The larynx
was delineated by a single radiation oncologist
(MW) for all patients. Larynx was defi ned by
epiglottic tip superiorly, lower border of cricoid
cartilage inferiorly, and laterally via the pharyngeal
lumen/thyroid cartilage. Anterioposterior
boundaries were the posterior aspect of hyoid or
laryngeal cartilage anteriorly, and encompassed
pharyngeal constrictors bounded by prevertebral
fascia posteriorly. All QUANTEC recommendations
for the larynx (V50Gy 27%, Dmean 40 Gy,
Dmean 44 Gy, Dmax 66 Gy) were utilized to
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categorize the patient cohort, i.e. V50Gy 27% vs.
V50Gy 27%; Dmean 40 Gyvs. Dmean 40 Gy,
Dmean 44 Gyvs.Dmean 44 Gy; Dmax 66 Gy
Vs.

Dmax 66 Gy. Biological equivalent larynx V50Gy,
Dmean and Dmax was additionally calculated and
applied to patients where dose per fraction was in
excess of 2 Gy per fraction (alpha/beta value of 4

was utilized for conversion). Equivalent biological

doses have been analyzed in this paper.

Acute toxicity assessment

Patients were prospectively scored on a weekly
basis (weeks 1 — 6 or 7) by three radiation
oncologists (blinded to previous scores or other
adverse effects) for acute dysphagia toxicity using
the common toxicity criteria for adverse events
version three (CTCAEv3) assessment tool. Grade 3
toxicity was deemed clinically signifi cant, and its
incidence recorded. Symptomatic and severely
altered eating/swallowing — with an indication for
percutaneous endogastric (PEG) tube intervention
and intravenous fl uids — was suggestive of Grade
3 dysphagia. QUANTEC defi ned dosevolume
categories were subsequently analyzed for grade 3
toxicity incidence within the cohort.

Several possible clinical risk factors were also
recorded for analysis. These included:

1. Age;

2. Sex;

3. Chemo-radiotherapy (CRT);

4. Surgery [post-operative radiotherapy (PORT)
vs. defi nitive];

5. Pre-existing dysphagia (CTCAEv3);

6. Pre-existing nutritional status
[PatientGenerated Subjective Global
Assessment
(PG-SGA) Tool];

7. Pre-existing comorbidity (Charlson

Comorbidity Measuring Tool) [7].

Statistical methods

The proportion of patients with grade 3 toxicity
according to either V50Gy ( or 27%), Dmean ( or
40 Gy), Dmean ( or 44 Gy) or Dmax ( or 66 Gy)

were compared across the entire treatment using
the Friedman test (overall change in proportion
across entire treatment) and ¥ 2 -test (change in
the proportion of patients incidence between two
groups at individual weeks of treatment, i.e. Dmax
6 6% vs. 6 6%/week). These statistical methods
were subsequently applied to the stratifi ed data
of the CRT, RT only, PORT and defi nitive cohorts.
A X 2 -test was used to perform a univariate
analysis of dosimetric and clinical risk factors
associated with grade 3 acute dysphagia. All
analyses were carried out using SPSS (version
18.0, Chicago, IL, USA). A p-level of 0.05 was
afforded signifi cance.

Results

Patient demographics, tumor and treatment
characteristics are shown in the Supplementary
Appendix (available online at
http://informahealthcare.com/
doi/abs/10.3109/0284186X.2014.933874).
Statistically signifi cant toxicity reduction was
observed on the basis of multiple larynx QUANTEC
dose-v olume recommendations (refer to Tables |
and Il for all acute grade 3 dysphagia incidences)
in the combined cohort.

V50Gy 27% resulted in a 68.4% reduction in
grade 3 toxicity at treatment week 5 (p 0.01) and
a 60.7% reduction at treatment week 6 (p  0.01)
compared to V50 27%. The reduction in toxicity
from week 6 — 7 was not signifi cant. Not all
patients were prescribed a seven-week treatment
course. This dose parameter was not signifi cant at
week 7 due to the reduced patient numbers at this
time point.

Dmean 44 Gy resulted in a 69.8% reduction
of grade 3 toxicity at treatment week 5 (p  0.01)
and 51.4% reduction at treatment week 6 (p
0.01) compared to Dmean 44 Gy. Dmean 40 Gy
further supported Dmean as a key predictor of
acute dysphagia, with signifi cant reduction at
week 5 (5.6% vs. 42.3%, p 0.01) and week 6
(23.5% vs. 59.3%, p  0.01). Treatment with a
Dmax 66 Gy demonstrated a 55.6% reduction of
toxicity at treatment week 6 (p  0.01) compared
to Dmax 66 Gy.
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Furthermore, analysis of larynx Dmean for Subsequent stratifi cation of the total cohort
patients with CTCAEv3 grading above and below 3 into PORT (n  29) and Defi nitive (n  47) (Table 1)
was undertaken. Patients who peaked at grade 3 reports comparable trends to that of the entire
toxicity (n  47) reported an average larynx Dmean cohort. Statistical signifi cant toxicity disparity,
of 46.3 Gy 9.7 Gy compared to those below however, is less frequent. A comparable trend is
grade 3 (n  29) who reported a Dmean of 42.5 also reported in the CRT (n 40) and RT Only (n
6.8 Gy 36) cohorts (Table Il). In the CRT cohort, all dose

constraints are signifi cant predictors at varying
time points. The RT Only group (signifi cant only at
V50Gy 27%, week 6) reports comparable trends
in toxicity incidence

(p 0.07).

Table I. Incidence of CTCAEv3 grade 3 acute dysphagia (treatment weeks 1- 6 /7 * ) in ALL patients compared to Defi nitive and PORT.

V50Gy 27%V50Gy 27% Dmean 44GyDmean 4 4GyDmean 4 0GyDmean 4 0GyDmax 6 6Gy Dmax 6 6Gy n/N (%) n/N (%) n/N (%)
n/N (%) n/N (%) n/N (%) n/N (%) n/N (%)

All Patients (n 76)

Week 1 1/33(3.0) 1/42 (2.4) 1/36 (2.8) 1/39(2.6) 0/19 (0.0) 2/56 (3.6) 1/27 (3.7) 1/48 (2.1)
Week 2 3/34(8.8) 2/41(4.9) 3/36(8.3) 2/39 (5.1) 1/19 (5.3) 4/56 (7.1) 3/28(10.7) 2/47 (4.3)
Week 3 4/32 (12.5) 5/41(12.2) 4/34 (11.8) 5/39(12.8) 1/18 (5.6) 8/55 (14.6) 4/26 (15.4) 5/47
(10.6)
Week 4 4/30(13.3) 5/41(12.2) 3/33(9.1) 6/38 (15.8) 0/17 (0.0) 9/54 (16.7) 3/24 (12.5) 6/47
(12.8)
Week 5 4/28 (14.3) 19/42 (45.2) " 5/34(14.7) 18/36 (50.0) " 1/18 (5.6) 22/52 (42.3) # 6/26 (23.1) 17/44
(38.6)
Week 6 7/27 (25.9) 29/44 (65.9) # 11/34(32.4) 25/37(67.6) " 4/17 (23.5) 32/54(59.3) " 7/25 (28.0) 29/46
(63.0) #
Week 7 9/14 (64.3) 21/26 (80.8) 13/19 (68.4) 17/21(81.0) 3/7(42.9) 27/33(81.8) 3/6 (50.0) 27/34
(79.4)
PORT Only (n 29)
Week 1 1/14(7.1) 1/14 (7.1) 1/14(7.1) 1/14(7.1) 0/9 (0.0) 2/19 (10.5) 1/19 (5.3) 1/9 (11.1)
Week 2 3/15 (20.0) 2/14 (14.3) 3/15 (20.0) 2/14 (14.3) 1/9 (11.1) 4/20 (20.0) 3/20(15.0) 2/9(22.2)
Week 3 3/14 (21.4) 3/14 (21.4) 3/14 (21.4) 3/14 (21.4) 1/8 (12.5) 5/20 (25.0) 4/19 (21.1) 2/9(22.2)
Week 4 3/12 (25.0) 2/14 (14.3) 3/13(23.1) 2/13 (15.4) 0/7 (0.0) 5/19 (26.3) 3/17(17.7) 2/9(22.2)
Week 5 2/13 (15.4) 6/13 (46.2) 2/14 (14.3) 6/12 (50.0) 0/9 (0.0) 8/17 (47.1) 4/18 (22.2) 4/8 (50.0)
Week 6 4/12 (33.3) 9/13 (69.2) 5/13 (38.5) 8/12 (66.7) 2/8(25.0) 11/17 (64.7) 6/17 (35.3) 7/8 (87.5)
Week 7 N/A 3/3(100.0) 1/1(100.0) 2/2(100.0) N/A 3/3(100.0) N/A 3/3(100.0)
Defi nitive Only (n  47)
Week 1 0/19 (0.0) 0/28 (0.0) 0/23 (0.0) 0/24(0.0) 0/10 (0.0) 0/37(0.0) 0/9 (0.0) 0/38 (0.0)
Week 2 0/19 (0.0) 0/27 (0.0) 0/22 (0.0) 0/24 (0.0) 0/10 (0.0) 0/36 (0.0) 0/9 (0.0) 0/37 (0.0)
Week 3 1/18 (5.6) 2/27 (7.4) 1/21(4.8) 2/24(8.3) 0/10 (0.0) 3/35(8.6) 0/8 (0.0) 3/37(8.1)
Week 4 1/18 (5.6) 3/27(1.1) 1/21(4.5) 3/24(12.5) 0/10 (0.0) 4/35 (11.4) 0/8 (0.0) 4/37
(10.8)
Week 5 3/18 (16.7) 12/26 (46.2) 4/21(19.1) 11/23 (47.8) 1/9(11.1) 14/35 (40.0) " 2/9(22.2) 13/35
(37.1)
Week 6 4/18 (22.2) 19/28 (67.9) # 7/22 (31.8) 16/24 (66.7) " 2/9(22.2) 21/37 (56.8) 1/9 (11.1) 22/37
(59.5) "
Week 7 9/14 (64.3) 18/23 (78.3) 12/18 (66.7) 15/19 (79.0) 3/7(42.9) 24/30 (80.0) 3/6 (50.0) 24/31
(77.4)

CTCAEv3, Common toxicity criteria for adverse events version three; n, no. of grade 3 recordings; N, no. of patients with recordings at treatment
week; %, grade 3 dysphagia incidence; PORT, post-operative radiotherapy. * Treatment length dependent on treatment intent/ concurrent
treatments/pre or post-operative; * p  0.05 following x? -test; #p 0.01 following X ?-test.

Table Il. Incidence of CTCAEv3 grade 3 acute dysphagia (treatment weeks 1- 6 /7 * ) in ALL patients compared to CRT and RT Only.

V50Gy 27%V50Gy 27% Dmean 44Gy Dmean 44GyDmean 40GyDmean 40GyDmax 66Gy Dmax 66Gy n/N (%) n/N (%) n/N (%) n/N
(%) n/N (%) n/N (%) n/N (%) n/N (%)

All Patients (n  76)
Week1 1/33(3.0) 1/42 (2.4) 1/36 (2.8) 1/39 (2.6) 0/19 (0.0) 2/56 (3.6) 1/27 (3.7) 1/48 (2.1)
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Week 2 3/34(8.8) 2/41 (4.9) 3/36 (8.3) 2/39 (5.1) 1/19 (5.3) 4/56 (7.1) 3/28(10.7) 2/47 (4.3)
Week 3 4/32 (12.5) 5/41 (12.2) 4/34(11.8) 5/39 (12.8) 1/18 (5.6) 8/55 (14.6) 4/26 (15.4) s5/47
(10.6)
Week 4 4/30(13.3) 5/41 (12.2) 3/33(9.1) 6/38 (15.8) 0/17 (0.0) 9/54 (16.7) 3/24 (12.5) 6/47
(12.8)
Week 5 4/28 (14.3) 19/42 (45.2)"  5/34(14.7) 18/36 (50.0) * 1/18 (5.6) 22/52(42.3) * 6/26 (23.1) 17/44
(38.6)
Week 6 7/27 (25.9) 29/44 (65.9) # 11/34 (32.4) 25/37 (67.6) " 4/17 (23.5) 32/54(59.3) * 7/25 (28.0) 29/46
(63.0) *
Week 7 9/14 (64.3) 21/26(80.8)  13/19 (68.4) 17/21 (81.0) 3/7 (42.9) 27/33 (81.8) 3/6 (50.0) 27/34
(79.4)
CRT(n 40)
Week 1 0/15 (0.0) 0/25 (0.0) 0/20 (0.0) 0/20 (0.0) 0/8 (0.0) 0/32(0.0) 0/10 (0.0) 0/30 (0.0)
Week 2 0/15 (0.0) 1/24 (4.2) 0/19 (0.0) 1/20 (5.0) 0/8(0.0) 1/31(3.2) 0/10 (0.0) 1/29 (3.5)
Week 3 1/15 (6.7) 3/24 (12.5) 1/19 (5.3) 3/20 (15.0) 0/8(0.0) 4/31(12.9) 1/10 (10.0) 3/29
(10.3)
Week 4 1/15 (6.7) 2/24(8.3) 1/19(5.3) 2/20 (10.0) 0/8(0.0) 3/31(9.7) 0/10 (0.0) 3/29
(10.3)
Week 5 2/14 (14.3) 10/23 (43.5) 2/18 (11.1) 11/19 (57.9) # 0/7 (0.0) 13/30 (43.3) " 2/10 (20.0) 11/27
(40.7)
Week 6 4/13 (30.8) 18/25 (72.0) 6/18 (33.3) 16/20 (80.0) # 1/6 (16.7) 21/32 (65.6) 2/9 (22.2) 20/29
. (69.0)"
Week 7 8/10 (80.0) 15/18(79.0)  10/13(76.9) 12/14 (85.7) 3/5 (60.0) 19/2 (86.4) 2/3(66.7) 21/25
(84.0)
RTOnly (n 36)
Week 1 1/18 (5.6) 1/17 (5.9) 1/17 (5.9) 1/18(5.6) 0/11 (0.0) 2/24(8.3) 1/18 (5.6) 1/17 (5.9)
Week 2 3/19(15.8) 1/17 (5.9) 3/18(16.7) 1/18 (5.6) 1/11 (9.1) 3/25 (12.0) 3/19 (15.8) 1/17 (5.9)
Week 3 3/17 (17.7) 2/17 (11.8) 3/16 (18.8) 2/18 (11.1) 1/10 (10.0) 4/24 (16.7) 3/17 (17.7) 2/17
(11.8)
Week 4 3/15 (20.0) 3/17 (17.7) 3/15 (20.0) 3/17 (17.7) 0/9 (0.0) 6/23 (26.1) 3/15 (20.0) 3/17
(17.7)
Week 5 3/17 (17.7) 8/16 (50.0) 4/17 (23.5) 6/16 (37.5) 1/11(9.1) 9/22 (40.9) 4/17 (23.5) 6/16
(37.5)
Week 6 4/17 (23.5) 10/16 (62.5) 6/17 (35.3) 8/16 (50.0) 3/11(27.3) 11/22 (50.0) 5/17 (29.4) 9/16
. (56.3)
Week 7 1/4 (25.0) 6/8 (75.0) 3/6 (50.0) 5/7 (71.4) 0/2 (0.0) 8/11(72.7) 1/3 (33.3) 6/9 (66.7)

CRT, Concurrent Cisplatin Chemotherapy Radiotherapy; CTCAEv3, Common toxicity criteria for adverse events version three; n, no. of grade 3
recordings; N, no. of patients with recordings at treatment week; %, grade 3 dysphagia incidence. * Treatment length dependent on treatment
intent/concurrent treatments/pre or post-operative; “p 0.05 following x %-test; #p 0.01 following X 2 -test.
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with the combined cohort. In the absence of more defi nitive dose/volume/outcome data, the
QUANTEC recommendations appear a useful predictor of acute dysphagia in this RT Only cohort.

A univariate analysis of dosimetric and clinical risk factors supports the use of QUANTEC
recommendations across the majority of head and neck RT patients. OnlyV 50 27% (p 0.01),
Dmean 40Gy(p 0.01)and Dmax 66 Gy (p 0.01) predicted for grade 3 dysphagia. No clinical
risk factors — including PORT or CRT — signifi cantly predicted grade 3 dysphagia (Table ).

The peak toxicity of any patient throughout treatment was grade 3 (60.5% of all patients). In
total 25.0% of patients reported a peak grade 2 toxicity and 13.2% a peak grade 1 toxicity.

Discussion

Our results have shown that the QUANTEC report dose recommendations for late dysphagia are a
useful tool for predicting acute dysphagia in a typical group of head and neck cancers usually
treated radically with RT. Reduction in the inadvertent dose delivery to laryngo-pharyngeal
structures has been extensively investigated and reported [8,9]. Our fi ndings support the
recommendations of the QUANTEC report [6]. These recommendations are based on the dose/
volume/outcome data from multiple studies, which have been derived from late toxicity endpoints
including edema and aspiration.

Other publications have attempted to validate the QUANTEC recommendations in various
critical organs [10— 12]. Liu et al. reported consistent rectal bleeding complications to those of the
NTCP QUANTEC model in prostate RT. However, due to

Table Ill. Dosimetric and clinical risk factors affecting incidence of CTCAEv3 Grade 3 acute dysphagia (Total Grade 3 patients,

N 47).
CTCAEvV3 G3 n/N Univariate
(%) (p-value)
V50Gy 27% 34/47 (72.3) 0.004*
Dmean 44Gy 27/47 (57.4) 0.156
Dmean 40Gy 40/47 (85.1) 0.014*
Dmax 66Gy 36/47 (76.6) 0.001*
Sex (Female) 16/47 (34.0) 0.445
Age ( 65) 27/47 (57.4) 0.156
CRT 30/47 (63.8) 0.063
Dysphagia 11/47 (23.4) 0.383
Pre-Tx NS 13/47 (27.7) 0.610
Morb. Score 12/47 (25.5) 0.261
PORT 14/47 (29.8) 0.088

CTCAEv3 G3, Common toxicity criteria for adverse events version three grade 3 acute dysphagia toxicity; Dysphagia, Pre-existing
dysphagia; Morb. Score, pre-treatment morbidity score 2; PORT, post-operative radiation therapy; Pre-Tx NS, pre-treatment nutritional
status identifying malnourishment (PG SGA Score  B). p-value determined via x ?-test. * Statistically signifi cant risk factors (p  0.05).

relative homogeneity of rectal dose distributions, this study warned of a low predictive power in
their cohort [10]. Appelt et al. combined the dose response function of radiation pneumonitis
(based on QUANTEC recommendations) with known

clinical risk factors, to increase confi dence in predicting radiation pneumonitis and to individualize
toxicity risk estimates [11]. Most recently, parotid dose recommendations were validated by Beetz
et al. Their work reported signifi cantly lower rates of patient-rated xerostomia based on QUANTEC
recommendations. However, this group warned of decreased reliability in the model in the elderly
and patients with minor pre-existing xerostomia [12].
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Dose parameters signifi cantly associated with late laryngeal edema were previously reported
by Sanguineti et al. [4]. Their fi ndings recommended a V50Gy of less than 27% and a dose mean of
less than 43.5 Gy to the larynx to minimize edema incidence. However, it should be recognized that
only a small percentage of this cohort (n 12, 18.2%) underwent concurrent chemotherapy, with
subsequent stratifi cation eliminating chemotherapy as an edema predictor. Dose-volume
relationships generated from this work may well be affected by this discrepancy. This should be
considered when applying these constraints in the presence of systemic therapy.

Furthermore, Feng et al. generated dose variables for minimizing late aspiration, reporting that
a dose mean to glottic/ supraglottic larynx should not exceed 50 Gy [9,13]. The role of the laryngeal
dose in late vocal dysfunction has also been reported. Dornfeld et al. reported a steep decrease in
vocal toxicity when the maximal laryngeal dose was kept below 66 Gy [3]. A limitation of this
particular study, however, was the absence of full three-dimensional dose metrics. Specifi ed points
within swallowing anatomy were identifi ed for dose analysis. Limitations in their planning software
did not enable retrospective analysis of newly delineated structures.

While tumor control and late toxicity should and will always remain the primary outcome
measure, treatment tolerance in the acute setting is becoming increasingly important [14]. The
primary focus of this study was to address the current lack of acute dysphagia
dose/volume/outcome data in the literature. The QUANTEC recommendations for reduction in late
edema, aspiration and vocal dysfunction were shown to be clinically signifi cant predictors of acute
dysphagia in our study. The incidence of acute dysphagia toxicity was signifi cantly higher in patient
cohorts exceeding the specifi ed dose goals.

There is an increasing awareness of the importance of minimizing the consequences of acute
toxicities. Multiple publications emphasize the importance of maintaining planned patient
geometry, to ensure optimal delivery of planned dosimetry and to prevent the decrement in the
quality of the IMRT plan, in particular, in predicting parotid gland dose [15,16]. The ability to
predict, prevent and manage severe dysphagia may reduce the incidence and the magnitude of
signifi cant weight loss thus in our cohort. Better understanding the acute dose/response/outcome
correlation in head and neck RT could play a role in the development of safer treatment intensifi
cation protocols, with ultimately, the potential for improved tumor control loco-regionally. This has
been investigated via various RT dose escalation strategies [17,18]. Increasing dose to sites of
putative radiation resistance, as suggested by various PET substrates has been explored previously
[19]. Predictive dosimetric measures for expected treatment tolerance may provide a basis for
inclusion/exclusion of treatment intensifi cation protocols, or enable the implementation of suitable
prophylactic measures to increase the likelihood of treatment tolerance. Further to RT dose intensifi
cation, the ability to deliver less toxic loco regional treatment may allow intensifi cation of systemic
treatments. The benefi ts of concurrent platinum based systemic therapy and biologic agents are
well established [20]. A greater understanding of the acute response to RT, and the knowledge to
implement individualized prophylactic measures, can optimize delivery of such potentially toxic
programs and reduce associated toxicities. Various allied health professionals, including dietetics
and speech pathology, provide opportunity for on-treatment assistance to enable improved
treatment tolerance.

On-treatment interventions and their early implementation have proven benefi cial in
enhancing treatment tolerance. Studies have proven the benefi t of enteral feeding (via PEG) in
reducing weight loss and interrupted treatment, amongst many other acute toxicity incidents [21].
Yet, there is also data suggesting that a long-term dependence on PEG feeding is detrimental to
latter swallowing function, with increased risk of atrophy to masticatory and swallowing muscles
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[22]. The work of Sanguinetti et al. addressed this concern through the development of predictive
dosimetric parameters (to oral mucosa) for PEG insertion throughout IMRT for oropharyngeal
cancer [23]. Planned patient geometry and treatment tolerance is dependent on multiple
contributing factors. A more comprehensive understanding of the role of dosimetric measures and
their correlation to incidence of acute toxicity will allow for a greater focus on treatment planning
dose steering. Yet, perhaps of greater importance, is the early instigation of supportive care
intervention (i.e. dietetics, speech pathology) where dose avoidance is not possible. Such measures
may be able to better maintain or achieve optimal treatment tolerance, weight management and
treatment delivery.

A limitation of this study is that the study population does encompass multiple tumor types and
demographic characteristics, but this group is typically representative of the cases treated radically
with RT. Despite this heterogeneity of disease sub-type entities, the outcome data were relatively
consistent as reported. The role of systemic therapy or RT given defi nitively or post-operatively in
infl uencing acute dysphagia incidence was addressed. Our results showed that systemic therapy or
surgical intervention did not signifi cantly affect the incidence of grade 3 dysphagia. This was
performed to ascertain concurrent systemic therapy or surgery given in conjunction with RT in some
patients was not a confounding factor in the outcome of our analysis (in conjunction with multiple
other clinical risk factors). Quality of life accompanying scoring was not used in this study.
Equivalent toxicity incidence was reported regardless of biological or physical laryngeal dose.

Conclusion

This study demonstrated the usefulness of the QUANTEC late toxicity recommendations in
predicting acute dysphagia toxicity. Precision RT demands optimal maintenance of planned
geometry through optimizing the opportunity for improved treatment tolerance. A more
comprehensive understanding of acute dose/volume/outcome correlation enables individualized
treatment programs to be developed, to facilitate improved treatment tolerance via measured
prophylactic interventions.
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were recommended a prophylactic feeding tube and followed
up by a dietician for at least 8 weeks postradiotherapy (post-
RT). Potential prognostic factors were analyzed for risk and
duration of feeding tube use for at least 25% of dietary
requirements.

Results: Many variables had significant effects on risk and/or
duration of feeding tube use in univariate analyses. Subsequent
multivariable analysis showed that T

wileyonlinelibrary.com/journal/hed Vc2018 Wiley Periodicals, Inc.
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classification 3 and level 2 lymphadenopathy were the best independent
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toxicity

1 | INTRODUCTION

Head and neck cancer and its treatment with
radiotherapy (RT), with or without concurrent
chemotherapy, are associated with dysphagia and
associated malnutrition and weight loss.*™Enteral
feeding via a feeding tube is a common method of
providing patient nutrition during and immediately
after RT in as many as 80% of patients.>™ Patients at
high risk of prolonged, severe dysphagia may benefit
from a prophylactic gastrostomy tube to minimize
hospitalizations, while maximizing convenience and
short-term quality of life.10-12

However, the insertion of a gastrostomy tube is an
invasive procedure that can be associated with major
complications and occasionally death.* Prolonged use
of gastrostomy tubes has been associated with long-
term swallow dysfunction and a potential risk of late
mortality.!14 Considering these risks, the insertion of
prophylactic gastrostomy tubes should be reserved
for those patients likely to derive the most benefit,
namely patients at highest risk of prolonged, severe
dysphagia. Furthermore, identification of high-risk
patients is critical in developing patient pathways and
appropriate allocation of allied health resources. The
main purpose of this study was to develop a risk
stratification model for anticipated duration of
feeding tube use, using the clinical and radiological
information available at a patient’s initial discussion at
a multidisciplinary tumor board.

MATERIALSAND METHODS

2.1 | Patients

significant predictors of higher risk and duration of feeding tube use,
respectively, in oral cavity, pharyngeal, and supraglottic primaries.
Conclusion: In patients treated with definitive IMRT, T classification 3 and
level 2 lymphadenopathy can potentially stratify patients into 4 risk groups

for developing severe dysphagia requiring feeding tube use.

enteral nutrition, feeding tube, head and neck cancer, intensity-modulated radiotherapy (IMRT),

After institutional ethics committee approval, the
patient population was retrospectively accrued from
the institution’s radiation oncology database. To be
eligible for inclusion, patients were required to
receive primary and definitive intensity-modulated
radiotherapy (IMRT; with or without concurrent
systemic treatment) for mucosal cancers of the head
and neck. Patients with stages Il to IVB disease were
included. Patients were excluded if they underwent
therapeutic surgery to the primary site or neck
dissection before commencing RT. Patients were
required to have been offered a prophylactic feeding
tube before treatment, as per departmental policy,
laryngeal and pharyngeal tumors planned to receive
64 Gy with bilateral nodal irradiation, or having a
preexisting nutritional deficiency. All included patients
had to be followed up by a dietician for a minimum of
8 weeks post-RT completion.

2.2 | Pretreatment evaluation

Before treatment, each patient underwent diagnostic
contrastenhanced CT of the face, neck, and chest, as
well as wholebody positron emission tomography
(PET) with low dose CT for coregistration (PET/CT).
Selected patients underwent MRI through the face
and neck, when it was thought clinically beneficial to
assist in optimal target delineation (eg,
nasopharyngeal primary disease).

2.3 | Radiotherapy planning and treatment

Target volumes were outlined on the planning
contrastenhanced CT by one radiation oncologist. The
PET/CT and MRI (if available) were coregistered with
the planning contrast-enhanced CT on the treatment



ANDERSON ET AL.

planning system. The elective (prophylactic) nodes
were defined according to consensus guidelines.? All
patients received bilateral, elective irradiation of
levels 2 to 4 nodes. Patients with oropharyngeal or
nasopharyngeal cancers had bilateral, elective
irradiation of level 1B nodes. In patients with
oropharyngeal or hypopharyngeal cancers, elective
irradiation of ipsilateral level 5 nodes and the
retrostyloid space were delivered to clinically
nodepositive hemi-necks. In patients with cancer of
the nasopharynx, bilateral retrostyloid space lymph
nodes were treated to an elective dose. All patients
with TO classification disease in this cohort were
treated electively to bilateral nodal basins, including
level 1B, whereas bilateral tonsils and tongue base
were treated as high-risk clinical target volume (CTV).

Clinically and radiologically involved nodes were
contoured individually. The prescribed doses were
planned with a simultaneous integrated boost to a
gross tumor volume, high-risk CTV and low-risk CTV.
In 137 cases, the dose to gross tumor volume (66-70
Gy), high-risk CTV (63 Gy), and elective CTV (56 Gy)
was planned at 5 fractions per week over 6 to 7
weeks. The remaining 2 patients were prescribed 60
or 64 Gy in 30 fractions. Medically fit patients were
considered for concurrent systemic therapy based on
disease stage and comorbidities.

Optimized IMRT plans, deliverable via 7 to 9 equally
spaced step-and-shoot segmented beams on a 6 MV
linear accelerator (ElektaSynergy, Elekta, Crawley,
UK),weregenerated using either the Elekta CMS XiO or
Monaco treatment planning systems (Elekta, St Louis,
MO) on 0.25 cm CT slices.

24 | Nutritional assessment and follow-up

All patients had a complete pretherapy consultation
with a dietician followed by weekly nutritional reviews
while on therapy. After therapy, dietetic review,
whether by telephone or in person, was conducted at
least every 2 weeks after therapy until cessation of
the enteral feeding.

Adequacy of enteral intake was recorded at each
review using the scale: adequacy of enteral intake 0 5
0%-24%; adequacy of enteral intake 1 5 25%-49%;

WILEY-H

adequacy of enteral intake 2 5 50%-74%, and
adequacy of enteral intake 3 5 75%-100% of daily
nutritional needs. All patients were followed until
their adequacy of enteral intake was <1.

Speech pathology services were offered to all patients
with
oropharyngealdysphagiatominimizeaspirationandmal
nutrition risk. Video fluoroscopy and fiberoptic
endoscopic evaluation of swallowing were available
for at-risk patients. Swallowing rehabilitationwas not
available tothis patient cohort.

2.5 | Statistical analyses

Outcomes measured were: (1) the risk of feeding tube
use for at least 25% of nutritional requirements
(adequacy of enteral intake 1); and (2) the duration of
such use measured in days from the first date the
adequacy of enteral intake was recorded at 1 or
higher to the date when it dropped to adequacy of
enteral intake O or the tube was removed.

Potential patient and tumor-related prognostic
variables were subdivided according to previously
reported cutoff points.’*~° Only variables that would
be known at the pretherapy multidisciplinary tumor
board were considered. For analysis of the risk of
feeding tube use (yes or no) we used the Fisher exact
test if there were only 2 subgroups (eg, age or >65
years), the Cochran-Armitage test for trend if there
were 3 or more ordered subgroups (eg, Eastern
Cooperative Oncology Group [ECOG] performance
status) or the Pearson chi-square test for 3 or more
unordered subgroups (eg, cancer site).?’ For analysis
of duration of feeding tube use, Kaplan-Meier analysis
was carried out and subgroups were compared using
the Mantel-Cox log-rank test for differences or the
Tarone-Ware test for trend.?>?2 As all patients were
followed up to cessation of adequacy of enteral intake
1 tube feeding, no durations were censored. All P
values reported were 2-sided and 95% confidence
intervals (Cls) were calculated. The significance
criterion was P < .05 for previously reported
prognostic factors or P < .005 for new prognostic
factors (to adjust for multiple hypotheses).
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Prognostic factors that were significant in the
univariate analyses were tested in multivariable
models to find the smallest number of independent
prognostic factors, which had a significant effect on
the risk and duration of feeding tube use. For risk of
feeding tube use, exact logistic regression with
conditional maximum likelihood inference was used
for the multivariable analyses with P values obtained
from the exact conditional scores test.?° For duration
of feeding tube use, Cox proportional hazards
regression was used and the exponentials of the
coefficients (e°) from the final model were interpreted
as “recovery rate ratios.”

Both backward and forward stepwise regressions
were performed and variables were retained in the
model if the P value was < .05. Patients with unknown
values for a particular factor were omitted from any
models containing that factor, except for human
papillomavirus (HPV), in which “unknown” was
treated as a separate level of the factor.

3 | RESULTS

Between January 2007 and December 2013, 139
eligible patients were treated with radical intent
IMRT. Their median age at commencement of RT was
61 years (range 20-91 years) and 78% were men. The

most common cancer site was the oropharynx (78
TABLE 1

Feeding tube used?

WILEY-H

patients; 56%). The other primary sites were the
nasopharynx (16; 12%), supraglottis (15; 11%), glottic
larynx (14; 10%), hypopharynx (5; 4%), oral cavity, (2;
1%) and unknown primary (9; 7%). Forty-one of the 78
patients with oropharyngeal cancer (53%) and 5 of the
9 with unknown primaries (56%) had known HPV-
positive disease. Patient demographic and tumor
characteristics are shown in the “Total” column in
Table 1.

Altogether, 101 patients (73%) used a feeding tube for
at least 25% of their nutritional requirements, for at
least 48 hours. The Kaplan-Meier curve of duration of
feeding tube use at adequacy of enteral intake 1 is
shown in Figure 1. Patients who did not use the
feeding tube at this level are represented in Figure 1
with 0 days duration; hence, the curve starts at 73%
on the vertical axis. The median duration of feeding
tube use for all patients was 70 days (Cl 55-81 days).
Twenty-four patients (17%) used it for at least 6
months, 10 patients (7%) for at least 12 months, and 2
patients (1%) for >2 years but the curve was curtailed
at 24 months for the purpose of clarity.

Ninety patients (65%) used the feeding tube for at
least 75% of their requirements (adequacy of enteral
intake 3) at some stage and 18 (13%) used it at this
level for >6 months.

Univariate analyses of prognostic factors for feeding tube use (yes/no) and duration in 139 patients

Days of feeding tube use?

Prognostic factor Yes/total
Cancer site
Pharynx or oral cavity 86/101
Larynx, supraglottis 10/15
Larynx, glottis 1/14
Unknown primary 4/9
HPV
Negative (for 87 oropharynx/unknown
1) 22/23

Positive 35/46

%

85

67

44

96
76

P Median, (95% P value®
value® % o))
<.0001 89 (70-120) <
.000
1
16 (0-79)
0 (0-0)
0 (0-66)
.13 163 (81-233) .004
61 (31-90)
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Unknown

T classification
X, 0

N classification
0
0

Bilateral neck node disease
No

Yes

Retropharyngeal node disease
No

Yes

Level 1 node disease

No

Yes

Level 2 node disease

No

Yes

Level 3 node disease
No

Yes

Level 4 node disease
No

Yes

Level 5 node disease
No 92/128 72 73 70

13/18

4/10

15/23

31/47

34/40

17/19

22/744
16/20

60/70

3/5

70-104
31/35

93/131
8/8

85/120
16/19

36/62
65/77

72/107
29/32

90/127
11/12

(49-81)

.55 Yes

72

40

65

66

85

89

50
80

86

60

67
89

71
100

71
84

58
84

67
91

71
92

9/11

59

.0007 0

50

44

119

150

.0004 7
75

86

45

.016 59
118

11 66
153

.28 70
55

.0010 37
83

.012 65
86

.18 68
124

82 58 (0-393)
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(0-77)

(0-66) <
.001

(0-77)

(7-75)

(79-173)

(57-262)

(0-59) .006
(44-120)

(70-122)

(0->295)

(28-75) 025
(57-170)

(50-79) .025

(14-
>834)

(57-83) 58
(18-113)

(0-68) .0054

(65-120)

(31-79) .53
(57-136)

(49-79) 14
(45-393)
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(Continues)

TABLE1 (Continued)

Feeding tube used" Days of feeding tube use’
Prognostic factor Yes/total % P value’ Median, % (95% CI) P value'
Concurrent chemotherapy
No 30/55 55 .0002 16 (0-59) .0048
Yes 71/84 85 86 (75-118)
Dysphagia or odynophagia
No 75/110 68 .020 59 (42-77) .009
Yes 26/29 90 133 (70-200)
Nutrition, PG-SGA
Well nourished, 1 missing 72/106 68 .012 58 (42-75) .001
Malnourished 29/32 91 147 (77-211)
BMI
Underweight, <18.5, 15 missing 10/12 83 .51 208 (81-479) .002
Not underweight, 18.5 80-112 71 65 (45-77)
Age on commencing RT
65y >65
v 70/88 80 019 75 (58-90) 74
31/51 61 31 (0-106)
ECOG Performance Status
0 43/58 74 .87 58 (35-79) .17
1 53/74 72 70 (50-116)
2 5/7 71 128 (0->303)
Charlson Comorbidity Index
0 55/72 76 .23 70 (45-101) .85
1 16/22 73 59 (10-108)
2 19/27 70 77 (16-170)
3,4,5 11/18 61 17 (0-136)
Tobacco smoking
Never or minimal, 4 missing 36/46 85 .13 70 (50-101) .53
Past 27/42 64 55 (0-90)
Current 33/47 70 70 (42-128)
Alcohol drinker
Never or social, 5 missing 69/94 73 .73 66 (44-90) .46

Past 8/11 73 120 (1-200)
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Current 20/29

WILEY-H

57 (14-77)

Abbreviations: BMI, body mass index; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; HPV, human papillomavirus; PG-SGA, Patient Generated

Subjective Global Assessment; RT, radiotherapy. “Feeding tube use” means that the feeding tube was used for at least 25% of nutritional requirements.

bTwo-sided P value from Fisher exact test for difference between 2 subgroups, Pearson chi-square test for difference between 3 or more unordered subgroups, or

Cochran-Armitage test for trend across 3 or more ordered subgroups.

cTwo-sided P value from Mantel-Cox log rank test for differences between subgroups or Tarone-Ware test for trend across 3 or more ordered subgroups.

3.1 | Univariate analyses

primary (see Figure 2). The other statistically significant

prognostic factors for risk and duration of feeding tube use
Results of the univariate analyses on all 139 patients are were T classification, N classification, level 2

lymphadenop-

shown in Table 1. Patients with cancer of the oral cavity or athy, bilateral neck lymphadenopathy, concurrent

chemother-

pharynx needed a feeding tube for longer than patients with apy, prior dysphagia, and prior malnutrition. The

cancers of the supraglottis, glottic larynx, or unknown

1007

401

Estimated % still using feeding tube

201 N

e

v

—

0 : : : - . r : \
0 3 6 9 12 15 18 21 24
Months of feeding tube use for at least 25% of diet

Number at risk
139 53 24 13 10 8 4 2 2

FIGURE 1 Duration of feeding tube use for at least 25% of
nutritional requirements for all 139 patients using the Kaplan-Meier
analysis

oropharyngeal cancer or unknown primary were
significantly associated only with longer duration of
feeding tube use. Retropharyngeal and level 3 nodal
disease were not considered to be statistically
significant factors, despite having P values < .05,
because they did not meet our criterion of P < .005 for

body mass

index <18.5 and negative HPV status in patients with
new hypotheses and either risk or duration of feeding
tube use was not significant. Patients older than 65
years

1007
—— Pharynx/Oral cavity
------ Supraglottis
8 80 - Unknown primary
2 ---- Larynx (NOS)
£
3 ! P <0.0001
_E' 60
S
Z
N 40
°
]
]
£
8§ 204
0 . - . r : .

o 3 6 9 12 15 18 21 24
Months of feeding tube use for at least 25% of diet

Number at risk
Pharynk’OC 101 48 22 1" 9 7 4 2 2
Supraglotis 15 3 1 1 1 1 0 0 0
Unknown 9 1 0 0 0 0 0 0 0
Larynx (NOS) 14 1 1 1 0 0 0 0 0

FIGURE 2 Duration of feeding tube use for at least 25% of
nutritional requirements by primary cancer site. Kaplan-Meier
analysis, 139 patients. NOS, not otherwise specified; OC, oral cavity

were less likely to use the feeding tube than younger
patients, yet there was no significant difference in

duration of feeding tube use. This was contrary to
most previous studies. There were no significant
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associations between the risk or duration of tube
feeding and tobacco or alcohol use, comorbidities
scaled using the Charlson comorbidity index, ECOG
performance status, or levels 1, 4, or 5
lymphadenopathy.

3.2 | Multivariable analyses

Cancer site was a significant prognostic factor;
therefore, 9 patients with unknown primaries were
excluded from the multivariable analyses. Only 1 of
the 14 patients with glottic laryngeal cancer needed
to use a feeding tube, so these patients were
considered to be very low risk and were also excluded
from the multivariable analyses.

The remaining 116 patients with cancers in the
pharynx, oral cavity, or supraglottis were included in
multivariable analyses for risk and duration of feeding
tube use for at least 25% of dietary needs. Factors
with >2 subgroups were collapsed into 2, specifically
cancer site (pharynx and oral cavity vs supraglottis), T
classification (T3-4 vs T <3) and N classification (N1-3
vs NO).

In the final models, T classifications 3 and 4 (P 5 .0018
and P <.0001, respectively) and level 2 nodal disease
(P 5.0030 and P 5.0001, respectively) were the only
independent significant predictors of risk and duration
of feeding tube use, respectively (Table 2). The
recovery rate (rate of ceasing feeding tube use at
adequacy of enteral intake 1) with T3 to T4 disease
was estimated to be 25% of the rate in patients with T
classification <3 disease (Cl 16%-39%) and with level 2
nodal disease was estimated to be 45% of the rate in
patients with no level 2 nodes involved (Cl 30%-67%).
Patients with both T classifications 3 and 4 and level 2
nodal disease were predicted to recover at
approximately 11% of the rate of patients with
neither factor (ie, T classification <3 and no level 2
nodal disease; Cl 5%-26%). Table 3 and Figure 3
display the observed duration of feeding tube use in
the presence of neither, 1, or both of these 2
significant factors.

None of the other factors, which were significant in
the univariate analyses, was statistically significant in

WILEY-H

the multivariable analyses after taking into account T
classifications 3 and 4 and level 2 lymphadenopathy.

4 | DISCUSSION

This analysis introduces a clinically useful and simple
screening tool for both risk and duration of significant
feeding tube use, which is relevant when IMRT is
used. Stratifying patients with pharyngeal, oral cavity,
and supraglottis cancers by 2 variables — T
classifications 3 and 4 and presence of involved level 2
lymph nodes — separates patients
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Final multivariable models for feeding tube use (yes/no) and duration (n 5 116)?

Feeding tube use (exact logistic regression with conditional maximum likelihood inference)®

OR
Exact
P
Factor Reference Level b SEb OR 95% ClI value
T classification TO-T2 T3-T4 1.867 0.633 6.47 1.73-31.4 .0018
Level 2 1.56-
nodes No Yes 1.640 0.559 5.15 19.0 .0030
Duration of feeding tube use (Cox proportional hazards regression)®
Recovery ratio
Exact
P
Factor Reference Level b SEb OR 95% Cl value
T classification TO-T2 T3-T4 -1.388 0.230 0.25 0.16-0.39 <.0001
Level 2 No Yes - 0.205 0.45 0.30- .0001
nodes 0.795 0.67

Abbreviations: 95% Cl, 95% confidence interval for the OR or RR 5 eb6 1.96 (s.e.b); OR, odds ratio; RR, relative risk; SEb, estimated standard error of b.

a“Feeding tube use” means feeding tube was used for at least 25% of nutritional requirements.
b b, coefficient for each level relative to the reference category, based on 116 patients with cancers of pharynx, oral cavity or supraglottis.
c

Other factors which were not significant when added individually to the models were: body mass index (<18.5 vs 18.5), nutrition (Patient Generated Subjective

Global Assessment malnourished vs well nourished), dysphagia (yes vs no), cancer (pharynx/oral cavity vs supraglottic larynx), human papillomavirus status

(positive/unknown vs negative), N classification (N1-3 vs NO), bilateral neck nodes (yes vs no), and planned concurrent chemotherapy. When added individually to

the above models, the P values for these factors were all > .3 for incidence and > .1 for duration of feeding tube use.

ORor RR 5 eb.
into 4 distinct groups. Low-risk patients have neither
risk factor, low-intermediate risk patients have T<3
tumors with level 2 lymph nodes involved, high-
intermediate-risk patients have T3 to T4 tumors
without level 2 nodes, and high-risk patients have T3
to T4 tumors and level 2 lymphadenopathy. This
information is readily available when a patient is first
presented at a multidisciplinary tumor board and the
model described could be used to guide decisions
regarding insertion of prophylactic tubes. However, it
does not take dosimetric factors into consideration.

In our experience, all but the lowest-risk group had at
least an 85% chance of requiring enteral feeding for at
least 25% of their diet, for at least 48 hours, at some
stage during therapy or convalescence. Patients with
glottic laryngeal cancer had a very low risk of needing
a feeding tube (approximately 7% in our limited data).
The risk for patients with unknown primaries in the
head and neck is likely to depend on the volume of
pharyngeal mucosa and constrictor muscles irradiated

and whether patients had level 2 nodal involvement.
These patients received elective mucosal irradiation,
predominantly to the base of the tongue and tonsillar
fossae, to 63 Gy and often concurrent chemotherapy
but did not incur physical obstruction from
macroscopic tumors.
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There still remains substantial controversy as to
whether patients are best managed via reactive or
prophylactic feeding tube for RT-related dysphagia.*
However, even departments that adhere to strict
reactive feeding tube protocols insert prophylactic
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and, conversely, departments with policies of liberal
prophylactic feeding tube use will choose to spare a
low- risk subset of patients from undergoing the
insertion procedure.

Apart from cancer site, we found advanced T

TABLE 3Prognostic groups based on T classification and level 2 lymphadenopathy: data from 116 patients with cancers of the pharynx, oral

cavity, or supraglottis

Level 2 nodal
Group T classification disease
1 TO-2 No
2 Yes
3 T3-4 No
4 Yes

All patients with pharyngeal, oral cavity, supraglottis cancers

Abbreviation: 95% Cl, 95% confidence interval.

Feeding tube used® Days of feeding tube use?

(95% (95%
Yes/total % Cl) Median Cl)
10/20 50 (27-73) 7 (0-59)
36/42 86 (70-95) 75 (56-90)
24/27 89 (71-98) 108 (68-173)
26/27 96 (81- 170 (113-

100) 295)
96/116 83 (75-89) 79 (68-106)

a“Feeding tube use” means feeding tube was used for at least 25% of nutritional requirements.

tubes in a subset of high-risk patients,
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Months of feeding tube use for at least 25% of diet
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T02, L2+ 42 14 3 0 0 0 0 0 0
T34, 12- 27 15 7 3 2 2 1 0 0
T34, 12+ 27 20 13 9 8 6 3 2 2

FIGURE 3 Duration of feeding tube use for at least 25% of
nutritional requirements by prognostic group accordingto T
classificationand level 2 lymphadenopathy. Kaplan-Meier analysis, 116

patients with pharyngeal, oral cavity, or supraglottis cancers

classification to be the most significant prognostic
factor for duration of feeding tube use. This is not a
new finding and is consistent with the observations of
numerous published

studies.’®?>-26 The most common dichotomy of T
classification in the published literature has been T1
to T2 versus T3 to T4 with the more advanced
classifications universally having higher rates of acute
and long-term feeding tube

use.1®2627 The findings of our study support this.

The impact of level 2 lymph nodes on patient
dysphagia is a novel finding. Lymph node positivity
has been associated with increased feeding tube
dependence at 6 months (odds ratio [OR] 7.08; P <
.001).26 We are able to report specifically on this
subset of patients with node-positive disease owing to
the careful and consistent target delineation under
the direction of a single radiation oncologist. The
causality of this finding remains unclear. Level 2
lymph nodes have a strong association with primary
cancers of the oropharynx and, in the current series,
69% of both oropharyngeal and nasopharyngeal
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cancers had level 2 adenopathy.?® Numerous studies
have shown that RT for oropharyngeal malignancy is
associated with high rates of symptomatic
dysphagia.l6262930|n this study, all patients with
oropharyngeal and nasopharyngeal cancers had
elective, bilateral irradiation of neck level 1B. This
would lead to high-dose deposition in the region of
the patient’s submandibular glands, which has been
documented to increase the risk of both xerostomia
and dysphagia.?®3! Anatomically, level 2 nodes are
close to the parotid glands. Like the submandibular
glands, the risk and severity of both xerostomia and
dysphagia have been associated with increasing doses
to the parotid glands.3*>°The level 2 region lies lateral
to the base of the tongue for its entire craniocaudal
length.’ The tongue base has been described as a
crucial organ in swallowing and an increasing risk of
dysphagia has been documented with increasing
doses to this organ.®

Level 2 node involvement is associated with more
advanced disease and, thus, more aggressive therapy,
such as altered fractionation or use of concurrent
systemic therapy. However, this is only by virtue of
node positivity and a similar relationship was not seen
in this study with adenopathy at other stations.

Regarding our univariate analysis, the finding that
patients with pharyngeal and oral cavity carcinomas
incurred more dysphagia than those with laryngeal
primaries has been previously well documented.?® Our
finding that older patients were less likely to use
feeding tubes is consistent with that of Wopken et a
but is inconsistent with other published studies.?*>3¢

|26

We did not observe any effect of alcohol abuse on
feeding tube use, as seen by Frowen et al.?*

The results of this study differ from several others in
the duration of feeding tube use for at least 25% of
dietary needs. The median duration was over at 2
months and at 6 months, with 17% of the patients still
using their feeding tubes. Although earlier series have
reported significantly higher rates of prolonged
feeding tube use, many modern studies, which have
included patients treated with IMRT, have cited lower
rates of long-term feeding tube use.>112635-38

It is important to distinguish feeding tube use from
feeding tube dependence. A proportion of patients in
this study who were using their feeding tubes at 6
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months were also taking food and supplements orally.
Eighteen patients (13%) were using their feeding tube
for >75% of daily needs for >6 months, which is
consistent with recently published prophylactic
cohorts, such as Wopken et al?®(10.7%). Regardless of
nutritional intervention, it is common for patients
with head and neck cancer to lose >10% of their
bodyweight during and immediately after therapy.?
In many cases, an in situ gastrostomy tube provides a
convenient way to optimize patient nutrition, even
when they are eating. These patients have already
avoided or incurred the potential complications
associated with gastrostomy insertion, so it is not
surprising that dieticians and nutritional counselors
sometimes encourage ongoing nutritional
supplementation in patients still eating food orally.

In the short term, gastrostomies are more
comfortable and convenient than nasogastric tubes
and have less negative impact on body image and
family life.*2 For this reason, it is not surprising that
the medical literature almost universally reflects
longer duration of feeding tube use with gastrostomy
as opposed to reactive nasogastric tubes.13%4 |n
reports in which feeding tube use at 6 months is <5%,
a nasogastric tube was inserted as a reaction to failure
of oral nutrition. It is not surprising that nasogastric
tubes were not kept in situ or repeatedly reinserted
for the purpose of nutritional optimization, given the
poor acceptability of this feeding tube on body image
psychosocial function.!11%3842

Undoubtedly, long-term feeding tube dependence has
a striking negative impact on many domains of quality
of life.*** A considerable amount of published data
suggest that patients with prophylactic feeding tubes
are less likely to maintain an oral, or partially oral, diet
during RT and that this can negatively affect short-
term and long-term diet outcomes, as well as duration
of feeding tube depend-

ence.!#8% Despite the majority of reported studies
showing higher feeding tube use at 6 months with
prophylactic feeding tube, Salas et al*°found no
difference and Silander et al*’ reported lower rates of
grade 3 dysphagia in patients with a prophylactic
gastrostomy tube (2% vs 9%).
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The high risk and duration of feeding tube use in this
study can also be explained by the high-risk patients
enrolled. All patients had bilateral neck irradiation,
and gross disease was treated to an equivalent dose
of 70 Gy. Many series have included patients who
were treated with ipsilateral and postoperative RT
who are not expected to use feeding tubes routinely.
In this series, 84 patients were treated with
concurrent systemic therapy. This is known to
increase acute toxicity, including severe dysphagia,
although it did not affect feeding tube use in our
series.”! Although concurrent chemotherapy did not
retain significance after multivariable analyses, there
may be some co-linearity with both T classification
and N classification and the role it plays in more
advanced disease.

Tumors of the glottic larynx had low risk of feeding
tube dependence and were excluded from the
multivariable regression analyses. Although earlier
studies by Caglar et al,>?Eisbruch et al,>®*and Caudell
et al*® have shown the larynx to be an important RT
avoidance structure, a recent study by Wopken et al?®
shows that patients with laryngeal primaries are the
least likely to incur feeding tube dependence at 6
months (OR 1.00 vs 13.82 for oropharyngeal cancer
and 16.19 for hypopharyngeal cancer; P < .001).%2654
Treatment of salivary gland tumors is very rarely
associated with dysphagia and, therefore, this patient
cohort was not included in this study.

In this study, no patient had access to swallowing
rehabilitation. A randomized controlled trial reported
by Carnaby-Mann et al**showed that swallowing
exercises led to less deterioration of swallowing
muscles and functional swallowing ability during
chemoradiotherapy for head and neck cancers.
Patients randomized to swallowing exercises were
more likely to maintain an oral diet and were less
likely to use a feeding tube.’*Hutcheson et al*
reported that adherence to swallowing exercises was
similarly effective to maintenance of an oral, or partial
oral, diet during chemoradiotherapy for better long-
term diet and shorter feeding tube use. The lack of
swallowing exercises in this study may limit the ability
the applicability of our data to patients who are
exercising. However, the complete absence of
swallowing exercises in this cohort contributes to the
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uniformity of our data and possibly the internal
validity of our findings. Swallowing exercises have
definite patient benefits but not all patients are
adherent to prescribed swallowing exercises and
many patients are partially adherent, making these
benefits

difficult to quantify.}#4°

Furthermore, every effort was made to minimize
patient pain, as analgesia has been associated with a
shorter duration of feeding tube use.*’ All patients
were reviewed at least weekly by a medical doctor to
prescribe analgesia in a stepwise fashion:
mouthwashes and anti-thrush measures, simple
analgesia (eg, soluble paracetamol), local anesthetic
mouthwashes (eg, xylocaine and cocaine), and
ultimately titration of opioids. Prophylactic
gabapentin was not administered, as it is not
registered for this use in Australia, although it has
been associated with reduced feeding tube use in a
previously published study.*

This study possesses all the limitations inherent to a
single-institution retrospective analysis. We are
unable to provide data on patients’ functional
swallowing ability, however, we are able to accurately
report on patients having oral, or partial oral, diet at
various time points due to comprehensive,
prospectively recorded nutritional data. All of the
patients were treated by a single radiation oncologist;
however, it must be acknowledged that these patients
were treated over 8 years, a sufficient time period for
even individual practice to vary. All patients were
treated in the fluorodeoxyglucose-PET and IMRT era,
without swallowing exercises. This lends to uniformity
in staging, volume delineation, and treatment delivery
across the cohort. This study proposes a simple and
novel clinical risk stratification tool that warrants
prospective validation.

(%]

| CONCLUSION

In patients with pharyngeal or supraglottic laryngeal
cancers treated with definitive, bilateral IMRT, with or
without concurrent systemic therapy, 2 clinical risk
factors, namely T classifications 3 to 4 and level 2
lymphadenopathy, can potentially stratify patients
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into 4 distinct risk groups for developing severe
dysphagia requiring feeding tube use for at least 25%
of their dietary requirements. This stratification may
be useful in the clinic before RT planning and
treatment so that patients at risk may have a feeding
tube inserted early before further nutritional status
deterioration.
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