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Abstract

Purpose In this study, we aimed to estimate the frequency of deglutition disorders in patients pre- and post-treatment for head and
neck cancer (HNC).

Methods Search strategies were developed for the following databases: LILACS, PubMed, SpeechBITE, LIVIVO, Web of
Science, and Scopus. Additionally, the gray literature was searched using Google Scholar, OpenGrey, and ProQuest. Only studies
that conducted an evaluation of deglutition before and after cancer treatment and had sufficient quantitative data were included.
We conducted a proportion of random effects meta-analysis using R statistical software.

Results Seventeen studies were included. Aspiration showed a high frequency in the period less than 3 months post-treatment,
with 28.6% (total sample = 229). Penetration of fluids above the vocal folds and reduced laryngeal elevation were more frequent
in the period less than 6 months post-treatment.

Conclusion The frequency of deglutition disorders and its complications, such as aspiration, appears to be higher in the imme-
diate to 6-month post-treatment period in patients with HNC. The parameter pharyngeal residue continued to increase through the
period analyzed.

Keywords Deglutition disorders - Head and neck cancer - Chemotherapy - Radiation therapy

Introduction deglutition disorders should begin, which methods to use in

the evaluation, when and how to start treatment options, and

Swallowing assessment and treatment have become common
practice in patients with head and neck cancer (HNC).
However, there is no consensus as to when assessment of
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for how long patients should be followed up [1].

The frequency of deglutition disorders varies with the can-
cer etiology and/or type of cancer treatment. HNC is the sixth
most common cancer worldwide, accounting for 2.8% of all
malignancies. Treatments available for HNC can include sur-
gery, radiotherapy, chemotherapy, or a combination of treat-
ments [2]. The choice of treatment modality is dependent of
patient variables, primary site, clinical stage, and resectability
of the tumor. The adverse effects or toxicities of these treat-
ments may include dysphagia and many other disorders that
can have an impact on the swallowing function, such as pain,
dry mouth, mucositis, dysgeusia, nausea, and loss of appetite
[3—7]. Dysphagia and aspiration are recognized as potentially
devastating complications of treatment of HNC.

The frequency of dysphagia in HNC differs when consid-
ering different variables such as radiotherapy field size and
radicality of surgery. Dysphagia has a higher prevalence
(63.6%) early following surgery (< 1 year) than delayed (>
5 years) [8]. Similarly, dysphagia has a prevalence of 45.9%
after cancer treatment (surgery and/or radiotherapy) [9].
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Two previous systematic reviews [10, 11] investigated the
changes in swallowing mechanisms after radiation or drug
therapy in HNC. Quantitative analysis was not performed in
either review. Further research on this topic is needed, as new
and more detailed studies have surfaced over the last 5 years
[12—17]. There is also a need for quantitative analysis of the
results found in the literature. The aim of this systematic re-
view was therefore to answer the research question: What is
the frequency of deglutition disorders pre- and post-treatment
among patients who undergo therapy for HNC?

Methods

This systematic review (SR) was reported following the
guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) [18].

Protocol and registration

The SR protocol was registered with the International
Prospective Register of Systematic Reviews (PROSPERO)
under the number CRD42017067837 [19].

Eligibility criteria
Inclusion criteria

We included studies that measured the frequency of deglutition
disorders pre- and post-treatment in patients with head and neck
neoplasms that received any type of therapy for cancer (surgery,
chemotherapy, radiotherapy, or a combination of therapies). We
included only those studies with participants over 18 years old
and those who had undergone imaging exams (i.e.,
videofluoroscopic swallowing study (VFSS)) as diagnostic
criteria for the assessment of deglutition disorders and complica-
tions. No language or period restriction was applied.

Exclusion criteria

Studies were excluded for the following reasons: (1) patients
without cancer or non-malignant tumors; (2) studies that did
not use imaging exams such as VFSS or fiber-optic endoscopic
evaluation of swallowing (FEES) as diagnostic criteria for deglu-
tition disorders before and after cancer treatment; (3) patients
who did not undergo any type of cancer treatment or therapy;
(4) patients already receiving treatment for deglutition disorders;
(5) studies reporting insufficient quantitative data to perform
analysis of deglutition disorders; (6) reviews, letters, conference
abstracts, opinions, case reports, and cross-sectional studies; (7)
full text unavailable; and (8) duplicate data from another study.

@ Springer

Information sources

For the literature search, an individual strategy was developed
for each of the following databases: LILACS, PubMed,
SpeechBITE, LIVIVO, Web of Science, and Scopus. An ad-
ditional search of the gray literature was performed using
Google Scholar, OpenGrey, and ProQuest. The search date
was 23 March 2017 for all databases and gray literature. An
updated search was performed on 19 June 2018. The search
strategies used are described in Appendix 1. The references
cited in the included articles were checked for any additional
studies that could be included in the analysis, as recommended
by Greenhalgh and Peacock [20]. Studies were collected
using reference manager software (EndNote™ Online,
Thomson Reuters, Philadelphia, PA, USA). Duplicate
studies were identified with the software and posteriorly,
any additional duplicates not identified by EndNote
were found with the help of Rayyan QCRI, a free
web, and mobile app for systematic reviews (Qatar
Computing Research Institute, Doha, Qatar) [21].

Study selection

The process of reference selection was divided into two
phases. Phase 1 was performed by two reviewers (LP.T. and
L.Q.P.), who independently screened the title and abstract of
the collected studies. This blind process was ensured and reg-
istered as it was carried out using the Rayyan QCRI platform.
Studies that did not fit the inclusion criteria were excluded. In
phase 2, the same reviewers (I.P.T. and L.Q.P.) applied the
eligibility criteria to the full text of the studies selected in
phase 1. When necessary, a third reviewer (K.F.L.) was
consulted to reach a consensus in cases of disagreement be-
tween the first two reviewers.

Data collection process

The first reviewer (I.P.T.) collected the required information
from the selected studies. The second reviewer (L.Q.P.) cross-
checked all the collected information for accuracy. The data
collected consisted of: study characteristics (authors, year of
publication, country, journal of publication, type of study);
population characteristics (sample size, age, type of cancer,
cancer stage); exposure characteristics (type of cancer treat-
ment, deglutition assessment); and outcome characteristics
(occurrence of deglutition disorders pre-treatment and post-
treatment).

Risk of bias in individual studies
The risk of bias in individual studies was assessed using the

JBI Critical Appraisal Checklist for Studies Reporting
Prevalence Data [22]. The first and second reviewers (L.P.T.
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and L.Q.P.) performed this assessment independently. Any
disagreements were resolved in discussions among the three
first reviewers (L.P.T., L.Q.P., and K.F.L.).

Subgroup analysis

The analysis was planned in subgroups, dividing the degluti-
tion parameters according to the period of assessment with
imaging exams (VFSS or FEES) as follows: pre-treatment,
less than 6 months post-treatment (from less than 3, 4, and
6 months), at 6 months post-treatment, and post-treatment
more than 6 months (from 6 to 12 months).

Summary measures

The data collected for deglutition disorders or complications
(aspiration and liquid penetration, among others) in adult pa-
tients with HNC who underwent cancer treatment were
expressed using mean percentage and 95% confidence inter-
val (CI).

Synthesis of results

A meta-analysis was planned, including those studies that
presented sufficient data to determine the frequency of deglu-
tition disorders or complications pre- and post-treatment.
These data were analyzed using random effects meta-
analysis [23]. Calculations were performed using R
Statistical Software version 3.4.2 (The R Foundation,
Vienne, Austria). The packages utilized were “metaphor”
and “meta,” including arcsine transformation to calculate the
overall proportion; in addition, the Clopper—Pearson interval
was used to calculate 95% Cls. Heterogeneity was calculated
using an inconsistency index (/%), and a value greater than
50% was considered an indicator of substantial heterogeneity
within studies [24]. The significance level was set at 5%.

Results
Study selection

In phase 1 of this systematic review, 1368 records were
screened from the six main databases, after removing dupli-
cates. An additional 302 records from the gray literature were
included. After screening all titles and abstracts, 171 studies
were selected for phase 2, which consisted of full-text screen-
ing. In this phase, a total of 155 studies were excluded
(Appendix 2). No additional articles were selected from the
reference list review. In the updated search, 99 studies were
screened but only 1 met the inclusion criteria. Finally, 17
studies were included in the qualitative and quantitative anal-
ysis. The study selection process is depicted in Fig. 1.

Study characteristics

The 17 included articles [12—17, 25-35] were published in 10
journals, with a quarter of these [13, 29, 32, 33] published in
the journal Head & Neck, four [14, 25, 26, 35] published in
Dysphagia, and two [28, 30] studies published in The
Laryngoscope. The remaining seven studies were published
in different oncology, medical, or speech-language pathology
journals. The total sample varied from 11 [28] to 133 [16]
patients. Sixteen [12, 14—17, 25-35] of the included studies
used a VFSS as a diagnostic tool for deglutition disorders, and
one [13] study used a FEES. Nearly half[14, 27-29, 31-33] of
the studies were from the USA, two [12, 15] were from
Turkey, and there was one each from Australia [26], Canada
[34], China [30], India [25], Korea [16], The Netherlands [17],
the UK [13], and Greece [35]. Because of the nature of the
research question of this systematic review, all of the included
studies used a convenience sample. A summary of the char-
acteristics of the 17 included studies can be found in Table 1,
and a summary of the quantitative data is given in Table 2.

Risk of bias within studies

Ten [13, 15-17, 25, 29, 32-35] of the included studies were
classified as having a low risk of bias. Six [14, 26-28, 30, 31]
other studies were considered to have a moderate risk of bias,
with answers of “yes” to five or six of the ten questions in the
assessment tool. Only one [12] study was assessed as having a
high risk of bias. All studies produced negative responses to
the question “Were study participants recruited in an appro-
priate way?” because all samples were convenience samples.
Nearly half[12, 25-27, 30, 32] of the assessed studies yielded
“no” responses to the question “Are all important confounding
factors/subgroups/differences identified and accounted for?,”
which points out a lack of information in the description of the
sample and/or selection criteria. Details of study classification
can be found in Appendix 3.

Results of included studies
Overall data distribution

All samples in the included studies had a higher proportion (at
least two thirds) of male participants than female ones. The
most frequent types of cancer reported in the included studies
were cancer of the oropharynx, tongue, larynx, hypopharynx,
nasopharynx, tonsil, unknown sites, and others. Most studies
that presented data concerning cancer stages grouped partici-
pants according to stages III-IV. Eleven [12, 13, 25-27,
29-33, 35] of the included studies reported concurrent che-
moradiotherapy as the main treatment modality for cancer; the
remaining five [14-16, 28, 34] studies reported the modalities
surgery and conventional radiotherapy and/or chemotherapy.

@ Springer
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Fig. 1 Flow diagram of literature search and selection criteria adapted from PRISMA

Only one [17] of the included studies presented data for
intensity-modulated radiation therapy (IMRT) combined with
chemotherapy.

Subgroup analysis
The analysis of deglutition parameters was divided into

subgroups. These main groups were selected according
to the period in which swallowing assessment with

@ Springer

imaging exams (VFSS or FEES) was performed. In all
the included studies, one of these exams was performed
at baseline and at least once after treatment for HNC.
The meta-analysis was then classified according to
swallowing parameters, as assessed in imaging exams
during the different time periods: pre-treatment, less
than 6 months post-treatment (from less than 3, 4, and
6 months), at 6 months post-treatment, and more than
6 months post-treatment (from 6 to 12 months).
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Table 2 (continued)

Deglutition disorder Deglutition disorder

Deglutition disorder
Pre-treatment

Total sample

()

Author, year, country

> 6 months of treatment

< 6 months of treatment

Sa

Tongue base retraction

PES opening

PES opening = 11*

=27*

=38"

Tongue base retraction

33°

Esophageal clearance in the upright

Pharyngeal residue

45*

Esophageal clearance in the upright

Pharyngeal residue

5a

Aspiration = 12°

position

position=11?

23%

Silent aspiration = 18*

Aspiration

=6

Silent aspiration

PAS penetration aspiration scale (1-2 normal, 3—6 penetration, 7—8 aspiration); ASHA-NOMS scale American Association of Speech-Language Pathology-National System of Measurement Results, scores

from 1 (not able to swallow) up to 7 (safe swallow)

#Values calculated by the authors

Pre-treatment

All 17 included studies performed swallowing assessment using
imaging exams at baseline. The types of parameters concerning
deglutition were reported in different ways across studies. The
most frequently reported parameter in 14 of the included studies
[12, 13, 15-17, 25, 27-32, 34, 35] was aspiration, a complication
of deglutition disorders. The results of meta-analysis at pre-
treatment showed a frequency of aspiration of 8.4% (95% CI
43-13.7; p<0.01; n="572; P =74%) (Fig. 2a).

In five [12, 14, 27, 29, 30] of the included studies, it was
possible to analyze the total occurrence of penetration of food,
liquids, or saliva above the vocal folds in the pre-treatment
period. According to results of the analysis, the frequency of
penetration was of 10.5% (95% CI13.3-21.0; p=0.07; n=99;
P = 54%) (Fig. 2f).

Two other important parameters related to deglutition disor-
ders are the reduction in elevation of the larynx and pharyngeal
residue. Meta-analysis was performed for reduced laryngeal ele-
vation in eight studies [12, 16, 20, 26, 28, 29, 33, 35] at baseline,
with a frequency for this parameter of 16.0% (95% CI 7.4-27.0;
p<0.01; n=301; P =80%) (Fig. 2i). For pharyngeal residue, a
total of seven studies [12, 16, 25, 27, 29, 30, 35] were included in
the analysis, with pre-treatment frequency of 12.7% (95% CI
0.9-34.9; p <0.01; n=362; I* =96%) (Fig. 2n).

Up to 6 months post-treatment

All parameters analyzed in the pre-treatment period were
also assessed for less than and at 6 months post-treatment.
In the meta-analysis for aspiration at less than 3 months
post-treatment, the frequency was 28.6% (95% CI 21.7—
36.1; p=0.20; n=229; P= 30%) (Fig. 2b). Similarly, fre-
quency in the period more than 3 months post-treatment
reached 28.2% (95% CI 19.3-38.0; p<0.01; n=361; F =
72%) (Fig. 2¢). At 6 months post-treatment, this frequency
declined to 17.6% (95% CI 19.3-38.0; p<0.01; n=125;
I? =88%) (Fig. 2d). The frequency of penetration for the
period less than 6 months post-treatment was 41.3% (95%
CI 19.7-64.9; p<0.01; n=79; I* =78%) (Fig. 2g). The
parameter reduced laryngeal elevation at less than 4 months
post-treatment had a frequency of 46.2% (95% CI 17.0—
76.9; p<0.01; n=105; > = 90%) (Fig. 2j). This proportion
dropped to 27.3% (95% CI 12.8-44.8; p<0.01; n=219;
P =85%) at less than 6 months post-treatment (Fig. 2k)
and increased slightly to 29.7% (95% CI1 14.5-47.6; p =
0.08; n=81; I* = 60%) at 6 months (Fig. 21) post-treatment.
The pharyngeal residue parameter showed increasing fre-
quencies over time; at less than 6 months this was 47.1%
(95% CI27.9-66.8; p<0.01; n=331; > =92%) (Fig. 20)
and at 6 months the frequency was increased to 61.8% (95%
CI30.2-88.7; p < 0.01; n = 145; > =93%) (Fig. 2p).
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a
Aspiration Pretreatment Cases Total Proportion 95% C.l. Weights
Agrwal et al., 2011 9 47 E—I— 0.191 [0.091; 0.333] 8.1%
Eisbruch et al, 2002 1 26 ®— 0.038 [0.001;0.196] 6.9%
Erkal et al., 2014 0 20l—§— 0.000 [0.000; 0.168] 6.2%
Graner et al., 2003 3 11 +—— 0.273 [0.060; 0.610] 4.7%
Kotz et al., 2003 0o 12e———0 0.000 [0.000; 0.265] 4.9%
Ku et al., 2006 2 20 m—— 0.100 [0.012;0.317] 6.2%
Lazarus et al., 2000 1 13 4]7 0.077 [0.002; 0.360] 5.1%
Logmann et al., 2006 4 53 ®— 0.075 [0.021;0.182] 8.4%
O’Connel et al., 2008 0 20l—f— 0.000 [0.000; 0.168] 6.2%
Patterson et al., 2013 10 112 & 0.089 [0.044; 0.158] 9.4%
Serel et al., 2013 2 40 lff 0.050 [0.006; 0.169] 7.8%
Son et al., 2015 8 74 -m— 0.108 [0.048; 0.202] 8.9%
Van Der Molen et al., 2013 9 55 r@— 0.164 [0.078; 0.288] 8.4%
Xinou et al., 2018 20 69 E —a— 0.290 [0.187;0.412] 8.8%
Random effects model 572 - 0.084 [0.043; 0.137] 100.0%
Heterogeneity:/ = 74%, 3%, = 49.54 (p <0.01) T T T T !
0 02 04 06 08 1
b
Aspiration (<3months) Cases Total Proportion 95% C.I. Weights
Agrwal et al., 2011 2 months 11 46 —.— 0.239 [0.126;0.388] 18.7%
Eisbruch et al, 2002 1 to 3 months 10 26 —i—I— 0.385 [0.202;0.594] 12.7%
Kotz et al., 2003 1 to 14 weeks 4 12 — 0.333 [0.099; 0.651] 6.8%
Lazarus et al., 2000 2 months 7 13 — 0.538 [0.251; 0.808] 7.3%
Serel et al., 2013 1 month 8 40 —m—— 0.200 [0.091;0.356] 17.2%
Van Der Molen et al., 2013 10 weeks 8 39 —I—i— 0.205 [0.093;0.365] 16.9%
Xinou et al., 2018 1 month 17 53 —— 0.321 [0.199; 0.463] 20.4%
Random effects model 229 — 0.286 [0.217; 0.361] 100.0%
Heterogeneity:/® = 30%, 72 = 8.57 (p = 0.20) f T T T T !
0O 02 04 06 08 1
C
Aspiration (>3months) Cases Total Proportion 95% C.l. Weights
Erkal et al., 2014 3 months 1 20 @—— | 0.050 [0.001;0.249] 11.0%
Graner et al., 2003 5 months 7 11 i—i— 0.636 [0.308; 0.891] 7.9%
Logmann et al., 2006 3 months 12 53 —— 0.226 [0.123;0.362] 15.7%
Patterson et al., 2013* 3 months 27 97 .+ 0.278 [0.192;0.379] 17.8%
Serel et al., 2013 3 months 9 40 —— 0.225 [0.108;0.385] 14.5%
Son et al., 2015 4 months 26 87 _.._ 0.299 [0.205;0.406] 17.5%
Xinou et al., 2018 3 months 23 53 E—I— 0.434 [0.298;0.577] 15.7%
Random effects model 361 —— 0.282 [0.193; 0.380] 100.0%
Heterogeneity:/> = 72%, 72 = 21.81 (p < 0.01) f T T T T !
0 02 04 06 08 1
d
Aspiration (6 months) Cases Total Proportion 95% C.I. Weights
Agrwal et al., 2011 6 months 11 38 w:—I— 0.289 [0.154; 0.459] 25.9%
Erkal et al., 2014 6 months 4 20 —m—— 0.200 [0.057;0.437] 23.9%
Ku et al., 2006 6 months 0 20— 0.000 [0.000; 0.168] 23.9%
Xinou et al., 2018 6 months 18 47 | — 0.383 [0.245; 0.536] 26.3%
Random effects model 125 —eetm— 0.176 [0.028; 0.414] 100.0%
Heterogeneity:/? = 88%, 72 = 26.07 (p < 0.01) f T T f T I
0 02 04 06 038 1

Fig. 2 a—e Meta-analysis graphs and data for aspiration in different time
periods. f~h Meta-analysis graphs and data for penetration in different
time periods. i-m Meta-analysis graphs and data for reduced laryngeal

More than 6 months post-treatment

There were few studies included in meta-analysis of the four
parameters for the period more than 6 months post-treatment.
Many included studies did not follow the patient for more than
6 months after receiving treatment for cancer. In the analysis

@ Springer

elevation in different time periods. n—q Meta-analysis graphs and data for
pharyngeal residue in different time periods

for aspiration, a total of six [17, 25, 27, 30, 34, 35] studies had
data collected, only half as many as in the baseline analysis.
The frequency of aspiration from 6 to 12 months post-
treatment was 16.2% (95% CI 8.1-26.3; p=0.03; n=158;
P =60%) (Fig. 2e). Similarly, for the parameter penetration,
only three [12, 27, 30] studies were included in the meta-
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e
Aspiration (>6 months) Cases Total Proportion 95% C.I. Weights
Agrwal et al., 2011 12 months 5 17 j—I— 0.294 [0.103;0.560] 14.0%
Eisbruch et al, 2002 6 to 12 months 5 26 —m—— 0.192 [0.066;0.394] 17.0%
Ku et al., 2006 12 months 1 20 #—— 0.050 [0.001;0.249] 15.1%
O’Connel et al., 2008 12 months 1 20 #—— 0.050 [0.001;0.249] 15.1%
Van Der Molen et al., 2013 12 months 5 36 % 0.139 [0.047;0.295] 19.1%
Xinou et al., 2018 12 months 12 39 —— 0.308 [0.170;0.476] 19.6%
Random effects model 158 0.162 [0.081; 0.263] 100.0%
Heterogeneity:/? = 60%, »2 = 12.36 (p = 0.03) f T T T f !
0O 02 04 06 08 1
Penetration Pretreatment Cases Total Proportion 95% C.I. Weights
Eisbruch et al, 2002 4 26 —m— 0.154 [0.044;0.349] 22.8%
Erkal et al., 2014 5 20 -—I— 0.250 [0.087;0.491] 20.4%
Kotz et al., 2004 0o 12— 0.000 [0.000;0.265] 15.7%
Ku et al., 2006 2 20 47 0.100 [0.012;0.317] 20.4%
Rogus-Pulia et al., 2014 2 21 & 0.095 [0.012;0.304] 20.8%
Random effects model 99 0.105 [0.033; 0.210] 100.0%
Heterogeneity:/® = 54%, 52 = 8.74 (p = 0.07) f T T T T |
0 02 04 06 08 1

Penetration (<6 months) Cases Total Proportion 95% C.l. Weights
Eisbruch et al, 2002 1 to 3 months 5 26 —H 0.192 [0.066;0.394] 26.7%
Erkal et al., 2014 3 months 10 20 — 0.500 [0.272;0.728] 25.4%
Kotz et al., 2004 1 to 14 weeks 9 12 —l— 0.750 [0.428;0.945] 22.2%
Rogus-Pulia et al., 2014 5 months 6 21 —a— 0.286 [0.113;0.522] 25.7%
Random effects model 79 —et— 0.413 [0.197; 0.649] 100.0%
Heterogeneity:/* = 78%, 72 = 13.64 (p < 0.01) f T T T T !

0 02 04 06 08 1
Penetration (>6 months) Cases Total Proportion 95% C.l. Weights
Eisbruch et al, 2002 6 to 12 months 3 26 —®—| 0.115 [0.024;0.302] 33.9%
Erkal et al., 2014 6 months 14 20 i —a— 0.700 [0.457;0.881] 33.0%
Ku et al., 2006 12 months 5 20 —m——— 0.250 [0.087;0.491] 33.0%
Random effects model 66 ———eeetm— 0.336 [0.057; 0.704] 100.0%
Heterogeneity:/? = 90%, 72 = 19.38 (p < 0.01) f T T T T !

0O 02 04 06 08 1
i
Laryngeal elevation Pretreatment Cases Total Proportion 95% C.l. Weights
Cartmill et al., 2012 6 14 :+ 0.429 [0.177;0.711] 10.4%
Erkal et al., 2014 2 20 ®— 0.100 [0.012;0.317] 11.7%
Graner et al., 2003 5 11 .4'— 0.455 [0.167; 0.766] 9.4%
Kotz et al, 2004 1 12 84— 0.083 [0.002; 0.385] 9.7%
Logemann et al., 2006 7 53 f 0.132 [0.055;0.253] 14.5%
Logemann et al., 2008 8 48 —MW— 0.167 [0.075;0.302] 14.3%
Son et al., 2015 1 74 B . 0.014 [0.000;0.073] 15.1%
Xinou et al., 2018 14 69 - 0.203 [0.116;0.317] 15.0%
Random effects model 307 0.160 [0.074; 0.270] 100.0%
Heterogeneity:/? = 80%, 52 = 35.14 (p < 0.01) f T T T T !

0O 02 04 06 08 1

Fig. 2 (continued)

analysis and showed a frequency of 33.6% (95% CI1 5.7-70.4,
p<0.01; n=066; P =90%) (Fig. 2h). For the reduction of
laryngeal elevation, the frequency was calculated for three
studies [27, 33, 35], reaching 23.4% (95% CI 11.0-38.7;
p=0.04; n=113; I =68%) (Fig. 2m). The last parameter
calculated was pharyngeal residue, with four included studies
[25,27,30,35] in the analysis and a frequency of 73.8% (95%

Cl 452-94.3; p<0.01; n=122; P =91%), the highest fre-
quency found across periods and parameters (Fig. 2q).

Synthesis of results

A proportion meta-analysis was conducted among the 17 in-
cluded studies. Data of the analysis performed are shown in

@ Springer
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Laryngeal elevation (<4months) Cases Total Proportion 95% C.l. Weights
Cartmill et al., 2012 4 to 6 weeks 7 14 —rI— 0.500 [0.230;0.770] 23.9%
Eisbruch et al., 2002 1 to 3 months 7 26 —a— 0.269 [0.116;0.478] 25.8%
Kotz et al, 2004 1 to 14 weeks 11 12 —a 0.917 [0.615;0.998] 23.3%
Xinou et al., 2018 1 month 10 53 —&— | 0.189 [0.094;0.320] 27.0%
Random effects model 105 ————— 0.462 [0.170; 0.769] 100.0%
Heterogeneity:/> = 90%, 73 = 29.04 (p < 0.01) f T f T f I
0 02 04 06 08 1

k

Laryngeal elevation (<6months) Cases Total Proportion 95% C.l. Weights
Erkal et al., 2014 3 months 2 20 —m—— 0.100 [0.012;0.317] 18.4%
Graner et al., 2003 5 months 9 M . EE— 0.818 [0.482;0.977] 15.1%
Logemann et al., 2008 3 months 15 48 —— 0.312 [0.187;0.463] 21.6%
Son et al., 2015 4 months 12 87 —#&— . 0.138 [0.073; 0.229] 23.0%
Xinou et al., 2018 3 month 11 53 —— 0.208 [0.108; 0.341] 21.9%
Random effects model 219 e — 0.273 [0.128; 0.448] 100.0%
Heterogeneity:/* = 85%, 12 = 26.52 (p < 0.01) f T T T 1
0 02 04 06 08 1
Laryngeal elevation (6months) Cases Total Proportion 95% C.l. Weights
Cartmill et al., 2012 6 months 7 14 —:—I— 0.500 [0.230;0.770] 26.5%
Erkal et al., 2014 6 months 3 20 —Iﬁ— 0.150 [0.032;0.379] 31.5%
Xinou et al., 2018 6 month 14 47 —a— 0.298 [0.173;0.449] 42.0%
Random effects model 81 —— 0.297 [0.145; 0.476] 100.0%
Heterogeneity:/> = 60%, 72 = 4.98 (p = 0.08) f T ‘ T I
0 02 04 06 08 1
m
Laryngeal elevation (>6months) Cases Total Proportion 95% C.l. Weights
Eisbruch et al., 2002 6 to 12 months 6 26 —-— 0.231 [0.090; 0.436] 29.7%
Logemann et al., 2008 12 months 17 48 1:—I— 0.354 [0.222; 0.505] 36.2%
Xinou et al., 2018 12 month 5 39 —&—— 0.128 [0.043;0.274] 34.1%
Random effects model 113 D — 0.234 [0.110; 0.387] 100.0%
Heterogeneity:/> = 68%, 72 = 6.35 (p = 0.04) f T T T T !
0 02 04 06 08 1

Fig. 2 (continued)

Fig. 2a—q. The heterogeneity between studies varied from 30
to 96%; therefore, a random effects model was chosen [23].
Most higher frequencies of deglutition complications were
found in the two periods less than and at 6 months post-treat-
ment. The only exception to this was pharyngeal residue,
which presented the highest frequency in the period more than
6 months post-treatment. A higher frequency of deglutition
disorders was observed across studies among patients who
underwent combination therapy (surgery, radiotherapy, che-
motherapy), as compared with patients who only underwent
concurrent chemoradiation.

Level of evidence

The Grading of Recommendations Assessment, Development
and Evaluation (GRADE) system for evaluating the quality of
evidence was adapted for the analysis of observational studies
and applied to subgroups, according to the meta-analysis per-
formed for deglutition parameters before and after cancer

@ Springer

treatment. All the outcomes across subgroups were graded
as low quality, reflecting the heterogeneity of the meta-analy-
sis, evidenced by the different types of HNC topographies and
cancer treatments. A GRADE table of findings is shown in
Appendix 4.

Discussion

With the increasing use of aggressive combined modality ther-
apy and radiation techniques for the treatment of locally ad-
vanced head and neck cancer, the acute and late effects of
treatment have become an area of interest and investigation.
Thus, the objective of this SR was to assess the frequency of
deglutition disorders in the population of patients with HNC.
We investigated parameters of deglutition disorders and com-
plications that were diagnosed using imaging exams for
swallowing function. The results indicated a higher frequency
of deglutition complications in the period immediately
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n
Pharyngeal residue Pretreatment Cases Total Proportion 95% C.l. Weights
Agarwal et al., 2011 11 47 L. 0.234 [0.123;0.380] 11.4%
Eisbruch et al, 2002 5 26 —'rI— 0.192 [0.066; 0.394] 11.1%
Erkal et al., 2014 7 20 —— 0.350 [0.154;0.592] 10.9%
Kotz et al., 2004 0 12l—:— 0.000 [0.000; 0.265] 10.4%
Ku et al., 2007 vallecular 0 20m—— 0.000 [0.000;0.168] 10.9%
Ku et al., 2007 pyriform 0 20l—:r 0.000 [0.000;0.168] 10.9%
Son et al., 2015 vallecular 6 74 W 0.081 [0.030; 0.168] 11.5%
Son et al., 2015 pyriform 3 74 I— 0.041 [0.008; 0.114] 11.5%
Xinou et al., 2018 57 69 ' —— 0.826 [0.716;0.907] 11.5%
Random effects model 362 —m—— 0.127 [0.009; 0.349] 100.0%
Heterogeneity:/> = 96%, 72 = 202.80 (p < 0.01) f T T T T !

0 02 04 06 038 1
(o]
Pharyngeal residue (<émonths) Cases Total Proportion 95% C.l. Weights
Agarwal et al., 2011 2 months 16 46 —a—t 0.348 [0.214;0.502] 14.8%
Eisbruch et al, 2002 1 to 3 months 15 26 —-—I— 0.577 [0.369; 0.766] 14.0%
Erkal et al., 2014 3 months 11 20 — 0.550 [0.315;0.769] 13.4%
Kotz et al., 2004 1 to 14 weeks 4 12 —I—-— 0.333 [0.099; 0.651] 12.1%
Son et al., 2015 vallecular 4 months 39 87 —a— 0.448 [0.341;0.559] 15.4%
Son et al., 2015 pyriform 4 months 16 87 —— i 0.184 [0.109; 0.281] 15.4%
Xinou et al., 2018 3 month 45 53 ! —a— 0.849 [0.724;0.933] 14.9%
Random effects model 331 — 0.471 [0.279; 0.668] 100.0%
Heterogeneity:/* = 92%, 72 = 75.13 (p < 0.01) f T T T T !

0 02 04 06 038 1
Pharyngeal residue (6months) Cases Total Proportion 95% C.l. Weights
Agarwal et al., 2011 6 months 7 338 —m— i 0.184 [0.077;0.343] 20.5%
Erkal et al., 2014 6 months 10 20 —I—-— 0.500 [0.272;0.728] 19.6%
Ku et al., 2007 vallecular 6 months 17 20 —a— 0.850 [0.621;0.968] 19.6%
Ku et al., 2007 pyriform 6 months 12 20 —i— 0.600 [0.361;0.809] 19.6%
Xinou et al., 2018 6 months 42 47 ! —a 0.894 [0.769;0.965] 20.7%
Random effects model 145 ——e—— 0.618 [0.302; 0.887] 100.0%
Heterogeneity:/> = 93%, 72 = 60.18 (p < 0.01) f T T T T !

0O 02 04 06 08 1
Pharyngeal residue (>6months) Cases Total Proportion 95% C.l. Weights
Agarwal et al., 2011 12 months 10 17 — 0.588 [0.329;0.816] 19.4%
Eisbruch et al, 2002 6 to 12 months 10 26 —— 0.385 [0.202;0.594] 20.3%
Ku et al., 2007 vallecular 12 months 20 20 T —A 1.000 [0.832;1.000] 19.8%
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Fig. 2 (continued)

following cancer treatment, from its completion up to 6 months.
This only differed for the parameter pharyngeal residue, which
increased over time (from 6 to 12 months). Complications of
deglutition alterations could include a higher need of long-term
feeding tube and higher risk of aspiration pneumonia with its
impact on patient’s quality of life [36].

Currently, in the hierarchy of evidence, meta-analysis is lo-
cated at the top of the pyramid. This pooled analysis from
various individual studies is able to perform a more precise
estimate of the outcome researched [37]. The goal of this review
was to minimize bias through the selection criteria and per-
formed a meta-analysis. This was achieved; however, there is

still considerable bias in the individual studies, especially in the
characterization of the samples, as in the separation of degluti-
tion disorders by the cancer site, stage, and treatment.
Toxicity from cancer treatment is classified as acute or late,
based on its temporal relationship to treatment. Acute toxicity
develops during or shortly after the completion of treatment
and is usually temporary. Late toxicity presents months to
years after the completion of treatment and is often permanent
[38]. The most common long-term complication of RT and
chemoradiotherapy for HNC is xerostomia [39]. Late compli-
cations may include lymphedema, carotid artery injury, tris-
mus, thyroid disease, and dysphagia, among others [39].
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Some studies have reported the prevalence of swallowing
disorders, such as dysphagia, to be 50.6% [8] in patients with
HNC. Rinkel et al. [40] assessed a sample of 50 patients and
found that 30 had oropharyngeal cancer and 79.0% presented
swallowing problems after receiving chemoradiation. In the
USA, a population-based study found that over 9 million
Americans reported swallowing problems in 2012 and that
the third most common cause was HNC (4.9%) [41].

Our data were mostly in line with the findings of previous
SRs, the first one was developed in 2006 [10] and the later in
2013 [11]. Heterogeneity of the methods to quantify degluti-
tion disorders in the included studies was a common factor
found in all three SRs. However, we tried to integrate criteria
that helped to minimize this assessment’s heterogeneity and
perform a meta-analysis. One of the differences when com-
paring this review to the previous ones is in the criteria that all
the studies included had to present baseline and post-treatment
data assessed by an image exam, such as VFSS or FEES.

A total of 81 studies were excluded in the selection process
of this review because of the lack of VFSS or FEES assess-
ment before and after cancer treatment (Appendix 2). This
data evidences the discrepancies that exist when performing
research over swallowing complications. The use of image
exams can contribute to better diagnose dysphagia, its sever-
ity, and which consistencies are safer for oral ingestion [42].

There was also a deficiency in the use of a common tool to
quantify the alterations perceived during the image exams.
Only two [25, 26] of the included studies used Penetration
Aspiration Scale (PAS) as a mean to quantify levels of
penetration/aspiration through an 8-point score (1-2 normal;
3—6 penetration; 7—8 aspiration).

The findings of this SR point out that there is a higher
frequency of swallowing complications in patients who un-
dergo surgery, radiation, and/or chemotherapy combined.
Furthermore, parameters such as pharyngeal residue are more
in evidence in our pooled analysis. Residue in the vallecula
and/or the pyriform sinus are linked to the occurrence of
penetration/aspiration [43]. A 2016 systematic review [44]
that assessed the various pharyngeal residue scales available
in the literature highlighted that the severity of pharyngeal
residue may indicate the risk for aspiration, in mild residue
as low risk and severe residue as high risk. The results found
in our study indicates pharyngeal residue as one of the param-
eters quantified in the meta-analysis that increased over the
12 months period. This result may indicate that pharyngeal
mobility, strength, and/or sensitivity could still be more im-
paired after 12 months post-treatment for the cancer. Hiss and
Postma [42] indicate that post-swallow aspiration can occur
due to the residue accumulated in the pharynx, due to its
incoordination and/or decreased contraction.

Long-term follow-up data is necessary to better understand
and assess swallow in head and neck cancer patients, especial-
ly in the years after treatment. Fortunately, even with the

@ Springer

increase in the pharyngeal residue showed in the pooled data
in our review, the aspiration parameter decreased after
6 months post treatment. In a study [45] that performed a
long-term follow-up of patients with HNC after cancer treat-
ment, reported late dysphagia for a median 9 years, with a
feeding tube present in 21.0% of patients. Another example
of long-term follow-up, for over 5 years monitoring survivors
of HNC, 53.5% of patients treated with a non-IMRT modality
and 22.0% treated with IMRT had dysphagia [46].

Swallowing disorders arising as a result of HNC impairs
the quality of life of the patient. Radiotherapy and chemora-
diotherapy may affect the oral and pharyngeal phase of
swallowing. Strategies such as exercises, maneuvers, IMRT,
and cryoprotectors may improve the swallowing function and
overall quality of life of the patient. The results of this review
indicate that the multidisciplinary team treating HNC must be
familiar with the basics of normal swallowing and how
swallowing is affected by cancer treatment, due to the moder-
ate to high prevalence of deglutition disorders in these popu-
lation. Given the high complication rate and adverse impact
on quality of life, it is critical to minimize dysphagia and its
sequelae.

Study limitations

This SR had some limitations. The data collected for the pa-
rameters analyzed were not from the same number of studies
or the same periods after cancer treatment. This is even more
evidenced by the lack of data for swallowing parameters ac-
cording to the topography, treatment type, and/or stage of
HNC. There was also high heterogeneity among all quantita-
tive analyses. These factors together limit the quality of evi-
dence collected and analyzed in this review.

Conclusions

The frequency of parameters or complications associated with
deglutition disorders was highest in the period immediately
following cancer treatment (less than 6 months post-treat-
ment), except for pharyngeal residue, which increased from
6 to 12 months post-treatment. The latter swallowing compli-
cation had a high frequency in all post-treatment periods ana-
lyzed. One of the most serious complications of deglutition
disorders, aspiration, had a frequency of 28.6% for the period
less than 3 months post-treatment and 28.2% for the period
more than 3 months post-treatment. The evidence presented in
the literature highlights the need for additional longitudinal
studies with follow-up periods longer than 12 months. In ad-
dition, assessment of deglutition parameters using imaging
exams with global scales or uniformity in the parameters col-
lected is needed, as well as classification according to type of
HNC, different cancer stages, and treatment modality.
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