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Abstract

The dose-volume-outcome data for RT-associated laryngeal edema, laryngeal dysfunction, and
dysphagia, have only recently been addressed, and are summarized. For late dysphagia, a major issue
is accurate definition and uncertainty of the relevant anatomical structures. These and other issues
are discussed.
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A (Larynx) and B (Pharynx) 1. Clinical significance

Radiation therapy (RT) is the primary modality allowing larynx preservation in patients with
tumors in the upper aero-digestive tract. RT-induced laryngeal edema (due to inflammation
and lymphatic disruption) is a common and expected side effect. Progressive edema and
associated fibrosis can lead to long-term problems with phonation and swallowing (1). Since
the primary goal of larynx preservation is speech/swallowing retention, RT-induced laryngeal
dysfunction may undermine this therapeutic approach. In many instances the larynx and
pharynx are target structures and purposefully receive high RT doses.

Dysphagia is common after chemo-irradiation of Head-and-Neck (HN) cancer. For example,
patients on RTOG 91-11 were randomized to receive RT +/— concurrent cisplatin. The
combined modality arm demonstrated improved tumor control rates (2). However, one year
after therapy, 23% of the patients in the chemo-RT arm were unable to eat solid food, vs. with
9% with RT alone. Aspiration pneumonia associated with dysphagia after intensive chemo-
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RT has recently been appreciated (3). The topics reviewed here are the subjects of current
intensive research. This review examined key papers published through June 2008.

A (Larynx).2 Endpoints

A.2.1 Larynx edema

Edema can be assessed through flexible fiberoptic examination. The grade of larynx edema is
scored according to the RTOG scale as follows: 0) no edema; 1) slight edema; 2) moderate
edema; 3) severe edema; and 4) necrosis. Some degree of uncertainty is intrinsic to the
subjectivity on the interpretation of RTOG “slight” and “moderate”. Grade 1 edema would
correspond to “minimal” thickening of epiglottis, aryepiglottic folds, arytenoids, and false
cords. Grade 2 is a more diffuse and evident edema, though still without significant/
symptomatic airway obstruction.

A.2.2. Vocal function

Vocal function can be assessed objectively via instruments (e.g. videostroboscopy for direct
visualization to assess supraglottic activity, vocal fold edge, amplitude, mucosal wave, phase
symmetry and glottic closure (4), aerodynamic measurements of phonation time (5), or via
human observes (6)). Subjective assessments can be made with validated patient-focused
questionnaires to assess various combinations of voice, eating, speech, and social functions.

A.3 Challenges Defining Volumes

Identification of the most important anatomic sites whose dose-volume parameters would
primarily effect vocal function remains controversial. Dornfeld (7) considered dose points in
various structures (e.g. base of tongue, epiglottis, lateral pharyngeal walls pre-epiglottic space,
aryepiglottic folds, false vocal cords, and upper esophageal sphincter) to be related to vocal
injury . Sanguineti (8) considered the larynx from the tip of the epiglottis superiorly to the
bottom of the cricoid inferiorly; the external cartilage framework was excluded from the
laryngeal volume. Due to the small size and close proximity of these structures, high resolution
contrast-enhanced CT is suggested to facilitate accurate (sub)-structure definition.

A.4 Review Of Dose/Volume Data

A.4.1 Laryngeal edema

Sanguineti (8) found that neck stage, nodal diameter , mean laryngeal dose and laryngeal
V30Gy —V70Gy were all significantly associated with edema grade >2 on univariate analysis.
On multivariate analysis, mean laryngeal dose/VV50Gy and neck stage were the only
independent predictors. The authors suggest that V50Gy and mean laryngeal dose should be
kept as low as possible, ideally below 27% and below 43.5 Gy, respectively, to minimize the
edema (i.e.<20% actuarial incidence at 1 yr, compared with 45% in patients receiving 44-57
Gy and >80% in patients receiving >57 Gy). Only a minority of their patients received
concurrent chemotherapy, which may have affected dose-response relationships.

A.4.2 Vocal dysfunction

Many studies have shown a good voice outcome following RT for T1 laryngeal cancer
(typically 60-66 Gy without chemotherapy). In the locally advanced setting, there is less
information on voice quality following treatment. Dornfeld and colleagues (7) found a strong
correlation between speech and doses delivered to the aryepiglottic folds, pre-epiglottic space,
false vocal cords, and lateral pharyngeal walls at the level of the false vocal cords. In particular
they noticed a steep drop off in function after 66 Gy to these structures. Their study was limited
by not having full three-dimensional (3D) dose metrics. Fung (5)evaluated subjective and
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objective parameters of vocal function. Changes in voice were related to doses to the larynx
and pharynx, and oral cavity. This suggests that saliva, pharyngeal lubrication, and soft tissue/
structural changes within the surrounding musculature play an important role on voice function.

A.5 Factors Affecting Risk

Locally advanced laryngeal cancer frequently causes voice dysfunction that may not improve
even if cancer is eradicated. This is one of the reasons patients presenting with marked laryngeal
dysfunction may be advised to undergo laryngectomy, rather than a trial of chemo-RT. The
addition of concurrent chemotherapy to high-dose RT at least doubles the risk of laryngeal
edemaand dysfunction, while RT without chemotherapy, delivered to small fields for T1 glottic
larynx cancer, usually results in excellent voice quality (9).

A.6 Mathematical/Biological Models

Rancati (10) studied the same study population analysed by Sanguineti (8). Using G2-G3
edema within 15 months post-RT as an endpoint, 38/66 patients were available for this purpose
and 21/38 experienced G2-G3 edema. Two NTCP models were fitted using a maximum
likelihood analysis: (a) LKB model and (b) the Logit model with DVH reduced to the equivalent
uniform dose (EUD). A significant volume effect was found for edema, consistent with a
prevalent parallel architecture of the larynx for this endpoint. Both NTCP models fit well the
clinical data: the relationship between EUD and NTCP can be described with n=0.47+0.3,
TD50=46.0+1.85Gy and a steepness parameter k=9.95+3.46Gy. Best fit parameters for LKB
are n=0.45+0.28, m=0.16+0.05 and TD50=46.3+£1.8Gy (Table 1). Based on these findings, the
authors suggest an EUD<30-35 Gy in order to reduce the risk of G2-G3 edema.

A.7-8 Special Situations and Recommended Dose/Volume Limits

The exact correlation between voice abnormalities and the degree of laryngeal edema has not
been assessed. Also, most studies do not consider pre-RT voice abnormalities (common with
advanced lesions), and thus may overestimate the degree of RT-related damage. Nevertheless,
to minimize the risks of laryngeal edema, it is recommended that the larynx V50Gy be <27%
and the mean laryngeal dose be <44 Gy . For model-based predictions, we recommend that
EUD be <30-35 Gy, with a volume parameter (n) of =~ 0.45 (see table 2).

Recommendations

RT impacts voice quality in locally advanced head and neck cancer but less so in early stage
larynx cancer. An interesting conclusion follows this observation: clinically significant vocal
dysfunction requires both the larynx and surrounding supra-laryngeal structures to be effected.
The surrounding tissues may indirectly be affected by a reduction in salivary function, or
directly by effects on the intrinsic musculature and soft tissue. Based on the data above it seems
reasonable to suggest limiting the mean non-involved larynx dose to 40-45 Gy and limiting
the maximum dose to less than 63-66 Gy, if possible based on the tumor extent.

A.9-10 Future Toxicity Studies and Toxicity Scoring

Longitudinal studies consisting of objective scoring of laryngeal edema, voice quality, and
patient-reported measures are necessary in order to assess the inter-correlations among these
measures. Such studies should include pre-therapy assessments in order to take into account
tumor-related voice abnormalities, and should concentrate on patients receiving concurrent
chemo-RT, who are at highest risk of laryngeal toxicity.
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B (Dysphagia).2 Endpoints
B.2.1 Objective Evaluation

Instrumental Assessment. Videofluorography (VFG) includes modified barium swallow and
esophagogram to visualize the oral, pharyngeal, and esophageal phases of swallowing (11).
Additional instrumental assessors include manometry and functional endoscopic evaluation of
swallowing (FEES).

B.2.2 Subjective Evaluation: Observer-Assessed

Common Terminology Criteria for Adverse Events (CTCAE) are frequently used to assess
acute toxicity, as well as the RTOG/European Organization for Research and Treatment of
Cancer (EORTC) criteria and the Subjective Objective Management Analytic (SOMA) scale.
None of these tools has been tested for its validity in measuring dysphagia.

Patient-Reported Quality of Life—Various instruments have been developed to assess
quality of life (QOL) in patients with head and neck cancer, all of which include questions
about swallowing dysfunction. While these instruments all measure some aspects of HN
cancer—related QOL, it is not clear which one best applies to the assessment of swallowing
dysfunctions. All the HN-specific QOL instruments include domains or few questions related
to dysphagia. While each instrument as a whole has been tested for validity, similar tests of
the specific dysphagia-related questions have not been performed.

B.3 Challenges Defining Volumes

Swallowing is complex, and involves voluntary and involuntary stages coordinated through
several cranial nerves and muscles (12). Due to this complexity, defining the most important
anatomic structures whose dose-volume parameters would have a major effect on dysphagia
has been difficult and only recently studied. Eisbruch et al. noted anatomic/functional changes
in pharyngeal constrictors (PC) and glottic/ supraglottic larynx (GSL) after intensive chemo-
RT (13), and explained the post-RT abnormalities in objective swallowing assessments 13, 14.
The definition of the pharyngeal constrictors in their study was somewhat different than the
definition of the constrictors by Levendag (15). Nevertheless, both groups found significant
correlations between constrictor doses and dysphagia endpoints. Other studies demonstrated
the importance of specific anatomical points in the glottic (7) and supraglottic larynx (16) or
pharynx (7). Fua noted that glottic larynx doses were associated with dysphagia in patients
who had received high doses to the larynx (17). Thus, most studies demonstrated relevance to
various dysphagia endpoints of the doses to the glottic and supraglottic larynx and to specific
points in the pharynx, notably the pharyngeal constrictors.

B.4 Review Of Dose/Volume Data (Table 3)

Laryngopharyngeal disorders resulting in late dysphagia and aspiration are not specific and
can result from edema and/or fibrosis of various structures. In a prospective study utilizing
IMRT to reduce dysphagia, Feng demonstrated dose—volume relationship for swallowing
structures in 36 patients treated with chemoradiation (14). A strong correlation was observed
between the mean doses and dysphagia endpoints (Figure 1). Aspiration was observed when
the PC mean dose exceeded 60 Gy and the dose—volume threshold was V40Gy=90%,
V50Gy=80%, V60Gy=70%, and VV65Gy>50%. For aspiration to occur, the GSL dose-volume
threshold was V50Gy>50% (>50% of volume receiving 50Gy). In a retrospective study, Jensen
found that doses <60 Gy to the supraglottic area, larynx, and upper esophageal sphincter
resulted in a low risk of aspiration (16). As this study used conventional radiation fields, it is
likely that the lack of correlations of pharyngeal doses and dysphagia was related to relative
uniformity among the patients in the doses delivered to these structures.
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Dornfeld (7) reported that swallowing difficulties and the type of diet tolerated worsened
progressively with radiation doses >50 Gy to the aryepiglottic folds, false vocal cords, and
lateral pharyngeal walls near the false cord. Levendag (15) reported on patients with
oropharyngeal carcinoma treated with 3D conformal RT or IMRT with or without
brachytherapy + chemotherapy. The use of brachytherapy, which reduces doses to some of the
pharyngeal tissues, significantly reduced patient-reported dysphagia. A significant correlation
was observed between the mean dose to the superior and middle pharyngeal constrictor muscles
and patient complaints of severe dysphagia. A median dose of 50 Gy predicted a 20%
probability of dysphagia. This probability increased significantly beyond a mean dose of 55
Gy, with an increase of 19% associated with each additional 10 Gy to superior and middle
constrictors. Doornaert 18 reported a steep dose—effect relationship beyond 45 Gy to the
pharyngeal wall and concluded that a mean dose of 45 Gy is the optimal threshold dose for
predicting swallowing difficulties. Similar findings were reported in retrospective series by
Caglar et al (19) and O'Meara et al (20).

There is a paucity of dose/volume data about hypopharyngeal/upper esophageal stricture in
HN cancer patients treated with RT + chemotherapy. Laurell (21) recommended a mean dose
of <65 Gy to the first 2 cm of proximal esophagus and a mean dose of <60 Gy to the first 5 cm
of proximal esophagus as tolerance dose below which the incidence of esophageal stricture is
low. Caglar et al found that the volume of the larynx or the inferior constrictor receiving >50
Gy was associated with strictures (19).

B.5 Factors Affecting Risk

Supportive measures during RT may impact on long-term dysphagia. Rosenthal (22) and
Mekhail (23) suggested that a nasogastric (NG) feeding tube decreases the need for esophageal
dilatation vs a percutaneous endoscopic gastrostomy (PEG) tube. They hypothesized that the
NG tube serves as a stent to prevent stricture formation. Amifostine (WR 2721) is the most
commonly used cytoprotector for reducing the incidence of xerostomia and mucositis (24).
However, there is no data to support its role in decreasing late swallowing disorders..

B.6 Mathematical/Biological Models

The relative paucity of dose-volume data relates to the questions regarding the most important
anatomical structures whose dysfunction following chemo-RT causes dysphagia. Data
indicating that the pharyngeal constrictors and the larynx are the most likely candidates has
been very recent and additional data is being gathered (Table 3). At this time, modeling suggests
that 50% NTCP is observed at mean doses of 50-60 Gy to these structures (Fig 1). Limitations
of these models include treatment variables, the most important being concurrent
chemotherapy, and variations in tumor locations and in pre-therapy dysphagia, which have
been accounted for in very few studies (14). The need to consider pre-therapy dysphagia is
especially important in laryngeal cancers, in which the rates of pre-therapy dysphagia and
aspirations are high and tumor regression after chemo-irradiation may actually reduce the rate
of frank aspirations (25). This could confound the results of retrospective dose-effect studies
which do not take into account pre-therapy findings.

B.7 Special Situations

Much of the data considered in this review concern patients irradiated either with relatively
simple techniques or with IMRT approaches that did not explicitely aim at sparing dysphagia-
related anatomical structures. As a consequence, high doses were delivered to these structures
and drawing strict dose-volume constraints or volume effect parameters is far from trivial. In
addition, high doses to the larynx, for example, are expected in cases of laryngeal or
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hypopharyngeal cancers, which are associated with a high rates of pre-RT dysphagia and /or
aspiration, confounding evaluations of post-RT dose-effect relationships.

B.8 Recommended dose-volume limits

The limited available data suggest that minimizing the volume of the pharyngeal constrictors
and larynx receiving >60 Gy, and reducing when possible the volume receiving >50 Gy, is
associated with reduced dysphagia/aspiration. In several cases, such sparing can be achieved
without compromising target doses (13,14). A separate question is whether such sparing is safe
clinically, taking into account uncertainties in target delineation. This issue is beyond the scope
of this paper.

B.9 Future Toxicity Studies

Late dysphagia is often a consequential effect of acute mucositis. Careful assessment and
reporting of the severity of acute mucositis may shed light on the likelihood of late dysphagia
and its predictors, and whether successful reduction in acute dysphagia would lead to
improvements in late swallowing abnormalities.

Validation of assessors of dysphagia: the most commonly used observer-rated dysphagia
grading tool is the CTCAE dysphagia item, which has not been validated formally. Similarly,
multiple patient-reported QOL instruments have been used, as detailed above, and few have
formally been validated regarding their dysphagia components.

The issue of what are the most important anatomical structures and sub-structures whose
damage is the likely cause of dysphagia is the subject of current research by many investigators.
An important aspect of this research is the effects of the tumor on pre-therapy swallowing and
on the functional results after therapy. In order to capture these effects, prospective studies
which include pre-therapy evaluation are essential.

B.10. Toxicity Scoring

As detailed above, prospective evaluation is critical due to tumor-related dysphagia and
aspiration, particularly in patients with advanced cancers. While CTCAE-based scoring is
simple and commonly applied, the evidence of “silent aspiration” after RT (aspiration not
eliciting a cough due to laryngeal sensory deficit) requires objective measurement using
imaging and interpretation by professional speech/language pathologists. In addition, objective
swallow assessment may help quantify swallowing assessments. Correlating observer-rated
scores such as the CTCAE system, patient-reported scores, and objective swallowing
dysfunction, is recommended for future focused studies. Until more data regarding this issue
are available, we recommend the use of the CTCAE system, as well as a patient-reported QOL
instrument, for large-scale clinical studies of chemo-irradiation of HN cancer.
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Larynx edema: estimated parameter values for various NTCP models with their 1D-68% Confidence Intervals.

LKB model TD50 m n
Rancati (10) 46.3 Gy 0.16 0.45
SD 1.8 Gy 0.05 0.28
LOGEUD model D50 k n
Rancati (10) 46.0 Gy 9.95 0.47
SD 1.85 Gy 3.46 0.3
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Larynx toxicity: summary of dose-volume relationship and constraints above which toxicity is significantly

Table 2
increased.
Predictive

ﬁuthor (Ref) Critical Organs Dose/Volume

o. of patients Parameter
Dornfeld (7) aryepiglottic folds

ornfe pre-epiglottic space ;
27 pts* false vocal cords point dose <68 Gy

lateral pharyngeal walls

Sanguineti (8) V50Gy <27%
66 pts** larynx mean dose <43.5 Gy
Rancati (10) EUD! <30-35 G

| y
38 pts™* anymx (n=0.45)

Endpoint

Vocal function

Laryngeal edema
(fiberoptic
examination)

Laryngeal edema
(fiberoptic
examination)

*
22/27 patients who received chemotherapy+RT
*%
12/66 patients received chemotherapy +RT
*k

3
7/38 patients received chemotherapy +RT

1Equivalent uniform dose
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