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Background & aims: Patients with head and neck cancer (HNC) often require enteral nutrition (EN). This
systematic review reports the effect of EN timing in patients with HNC undergoing curative-intent and
definitive or adjuvant radiotherapy or chemoradiotherapy on tube feeding duration, tube-related com-
plications and dysphagia.
Methods: Randomised controlled trials (RCTs) published between January 2015eApril 2020 were obtained
from Medline, CINAHL and Embase. Study quality and certainty of evidence were assessed with Cochrane
Risk-of-Bias and Grading of Recommendations Assessment, Development and Evaluation (GRADE).
Results: Two RCTs (n ¼ 265) in five manuscripts were included. The risk of bias was moderate in one RCT
and low in the other RCT. Timing of EN (prophylactic vs. reactive) may have little or no effect on tube
feeding duration or complications, however, the effect on dysphagia was uncertain. Certainty of evidence
was low for short-term and moderate for long-term tube feeding duration, low for tube-related com-
plications and very low for dysphagia. There was imprecision due to small sample sizes, heterogeneity in
the definitions and protocols for prophylactic and reactive EN, variations in time points for outcome
assessment and indirect dysphagia measures.
Conclusion: Larger well-designed trials are warranted to increase certainty of evidence regarding EN
timing in patients with HNC.

© 2021 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

Head and neck cancer (HNC) is one of the most common types
of cancer worldwide and is strongly associated with alcohol and
tobacco consumption [1], human papillomavirus (HPV) infection
and EpsteineBarr virus (EBV) [2]. Over the last 50 years, HNC
caused by HPV infection is increasing [3], accounting for 60e70% of
all oropharyngeal cancers diagnosed in Australia [4]. Patients with
HNC who undergo treatments including radiotherapy (RT) and
chemoradiotherapy (CRT) of curative-intent often experience
severe nutrition-impact symptoms and side effects, including
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trismus, xerostomia, dysphagia and odynophagia, which can
adversely compromise oral intake [5] and unintentional weight loss
and malnutrition are likely to occur [6]. As a result, adequate
nutrition is crucial during cancer treatment to maintain nutritional
status, quality of life (QoL), immune function and physical function,
and to reduce the risk of unplanned hospital admissions and
mortality [7]. In this situation, enteral nutrition (EN) is indicated
and can be provided through a nasogastric tube (NGT) when EN
is only needed short-term (<four weeks), or gastrostomy tube
(GT) when medium to longer term EN is required [8]. Types
of GT include percutaneous endoscopic gastrostomy (PEG),
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radiologically-inserted gastrostomy (RIG) and surgically-inserted
gastrostomy [8]. The placement of an enteral feeding tube is
generally safe with a low complication rate for both routes of tube
insertion [9e11].

The optimal timing of feeding tube placement and enteral
feeding commencement among patients with HNC has been an
ongoing debate [12]. They can be either placed prophylactically
prior to treatment commencement, and/or used for prophylactic
feeding during treatment [13]; or placed reactively, following
clinical indications after treatment initiation; with protocols vary-
ing between centres [14]. Previous systematic reviews and Inter-
nationally endorsed evidence-based guidelines for the nutritional
management of adult patients with HNC have recommended a
prophylactic approach to GT placement and commencement of
enteral feeding to improve nutritional outcomes [14e19].

Some studies have shown that prophylactic EN can improve QoL
and nutrition status through maintaining body weight and
reducing the risk of malnutrition [17,20]. Other studies suggested
that prophylactic EN may negatively affect QoL due to social
isolation and prolonged tube dependency [21]. This highlights that
whilst QoL and nutrition status are critical aspects to consider
when providing nutrition support to patients with HNC, the rele-
vance of tube dependency should not be disregarded. Tube de-
pendency was not clearly defined in previous systematic reviews
[22,23]. Additionally, these studies did not specify the time period
required to be considered as tube dependent, nor the contributing
factors for tube dependency. It was assumed that the presence of
the tube led to dependency but this may not be the case [24].

Dysphagia is another complex clinical problem associated with
treatment of HNC characterised by difficulty swallowing, and is a
well-documented consequence of RT and CRT [25] and a predictor
for tube feeding [22]. It requires close monitoring to prevent
choking and chronic aspiration [25]. The Shaw et al. [7] systematic
review reported inconsistent results for dysphagia.

The current evidence demonstrates a lack of consensus and
limited certainty of evidence due to the inclusion of a high pro-
portion of non-randomised studies in previous systematic reviews.
The aim of this systematic review was to investigate the effect of
timing of EN on tube feeding duration, tube-related complications
and dysphagia in patients with HNC undergoing curative-intent RT
or CRT in definitive or adjuvant settings, evaluating the hierarchy of
evidence from RCTs only.

2. Materials & methods

2.1. Protocol registration

This review was undertaken and reported in accordance with
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) framework [26] and was registered with
PROSPERO, an International prospective register of systematic re-
views (Registration no. CRD42020178704) on 5 July 2020.

2.2. Eligibility criteria

Publications were eligible for inclusion if theymet the following
criteria: 1) Participants diagnosed with HNC were �18 years and
underwent treatment with curative-intent; 2) Employed either
definitive or adjuvant RT or CRT; 3) Compared one or more enteral
feeding methods differing by timing of EN between the interven-
tion and control groups, 4) Included � one of the outcomes of
interest: tube feeding duration, tube-related complications or
dysphagia; and 5) Were RCTs published in English-language peer-
reviewed journals. Conference abstracts, case studies and literature
reviews were excluded.
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2.3. Search strategy

A literature search was conducted in three electronic databases
including Medline, EMBASE and CINAHL to obtain relevant publi-
cations published between January 2015 and April 2020. Additional
publications were retrieved from reference lists of identified sys-
tematic reviews with no publication date restrictions.

The search strategy included keywords and MeSH headings:
(‘head and neck neoplasm*‘, ‘head and neck cancer’) combined
using the Boolean operator AND with (gastrostom*, ‘enteral
nutrition’, ‘tube feeding’, ‘force feeding’, ‘PEG tube’, ‘G-tube’, ‘enter*
feeding’, ‘gastric feeding tube’) and (‘treatment outcome’, ‘quality of
life’, dependence*, ‘dysphagia’, ‘weight’, ‘body mass index’)

A summary of the search strategy conducted in EMBASE is
provided in Supplementary Table 1.

2.4. Data extraction

Two authors (XY and YC) independently reviewed the manu-
scripts against the eligibility criteria and quality assessment tools.
Any discrepancies were resolved by consensus upon discussion
with another co-author (JB).

A data extraction table (Table 1) was compiled to record study
characteristics and participant characteristics including age,
gender, cancer site and cancer stages. Results were synthesised by
each outcome of interest: tube feeding duration, tube-related
complications and dysphagia.

Due to a repetition of results reported across the included
manuscripts of the same RCT, a priority will be placed on sources
that included all participants in analysis and/or had the longest
follow up.

2.5. Quality assessment

The quality of the included RCTswas assessed using the Cochrane
Risk-of-Bias tool for randomised trials Version 2 (RoB2) [31]. Five
domains of the RCTs were assessed: the randomisation process,
deviations from the intended intervention, missing outcome data,
measurement of the outcome, and the selection of the reported
result [31]. Two authors (XY and YC) independently assessed and
assigned a grade of “low”, “some concerns” or “high” risk of bias to
each study. Any judgement differences were resolved by consensus
through discussion with other co-authors (MF, TB and JB).

The certainty of evidence was determined by two authors (XY
and YC) using the online Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) [32] based on study designs,
risk of bias, inconsistency, indirectness, the imprecision of results
and other considerations including publication bias, large effect,
plausible confounding and doseeresponse gradient.

Due to heterogeneity amongst the studies in patient character-
istics, protocols of prophylactic and reactive EN and definitions of
tube-related complications, a meta-analysis was unable to be per-
formed. Thus, a narrative summary of results was reported here.

2.6. Prophylactic and reactive enteral nutrition support definition

Protocols of prophylactic and reactive EN support for the
different RCTs are presented in Table 2. In this systematic review,
pPEG is defined as PEG tube inserted prophylactically [13,27e30]
and EN regimen initiated immediately post-insertion [29,30] or
when oral intake became inadequate and weight loss >1 kg
[13,27,28]. Reactive tube feeding will be defined as PEG (rPEG) or
NG (rNGT) tube inserted either prophylactically but EN regimen
initiated only when clinically indicated [29,30] or inserted reac-
tively for immediate use [13,27,28].



Table 1
Summary of patient's baseline characteristics of the two included RCTs.

Author, year Country Sample
size

Gender, N
(%)

Age, years
(Mean ± S.D) or
(median [range])

Cancer site, N (%) Tumour stage, N
(%)

TNM Staging, N
(%)

1 RCT reported in 3 manuscripts:
Silander et al. [13]; Silander et al. [27]; Axelsson

et al. [28].

Sweden 134 T (pPEG):
M: 43 (67)
F: 21 (33)
C (rPEG/
rNGT):
M: 48 (69)
F: 22 (31)

T (pPEG):
63 [41e87]
C (rPEG/rNGT):
60 [35e83]

T (pPEG):
Oropharynx ¼ 37
(58)
Oral cavity ¼ 22
(34)
UKP ¼ 3 (5)
Hypopharynx ¼ 2
(3)
Nasopharynx ¼ 0
C (rPEG/rNGT):
Oropharynx ¼ 41
(58)
Oral cavity ¼ 20
(29)
UKP ¼ 7 (10)
Hypopharynx ¼ 0
Nasopharynx ¼ 2
(3)

T (pPEG):
III: 16 (25)
IV: 48 (75)
C (rPEG/rNGT):
III: 18 (26)
IV: 52 (74)

T (pPEG):
T1: 9 (14)
T2: 17 (27)
T3: 10 (16)
T4: 24 (38)
T0: 3 (5)
N-Positive: 47
(73)
C (rPEG/rNGT):
T1: 8 (11)
T2: 16 (23)
T3: 11 (16)
T4: 28 (40)
T0: 7 (10)
N-Positive: 54
(77)

1 RCT reported in 2 manuscripts:
Brown et al. [29] & Brown et al. [30]

Australia 131 T (pPEG):
M: 56 (92)
F: 5 (8)
C (rPEG):
M: 59 (84)
F: 11 (16)

T (pPEG):
61.1 ± 9.1
C (rPEG):
60.0 ± 10.9

T (pPEG):
Oral cavity: 7 (11)
Oropharynx: 45
(74)
Nasopharynx: 2 (3)
Hypopharynx: 5 (8)
Larynx: 1 (2)
UKP: 1 (2)
Other: 0 (0)
C (rPEG):
Oral cavity: 7 (10)
Oropharynx: 56
(80)
Nasopharynx: 2 (3)
Hypopharynx: 3 (4)
Larynx: 1 (1)
UKP: 0 (0)
Other: 1 (1)

T (pPEG):
II: 0 (0)
III: 5 (9)
IV: 52 (91)
C (rPEG):
II: 1 (1)
III: 10 (15)
IV: 56 (84)

T stage
T (pPEG):
T0: 1 (2)
T1: 4 (7)
T2: 24 (39)
T3: 11 (18)
T4: 21 (34)
C (rPEG):
T0: 0 (0)
T1: 4 (5)
T2: 20 (29)
T3: 26 (37)
T4: 20 (29)
N stage
T (pPEG):
N0: 5 (8)
N1:5 (8)
N2a: 3 (5)
N2b: 25 (41)
N2c: 22 (36)
N3: 1 (2)
C (rPEG):
N0: 7 (10)
N1: 8 (11)
N2a: 1 (1)
N2b: 30 (43)
N2c: 20 (29)
N3: 4 (6)

Abbreviations: C, Control group; pPEG, Prophylactic Percutaneous Endoscopic Gastrostomy; RCT, Randomised Controlled Trial; rPEG, Reactive Percutaneous Endoscopic
Gastrostomy; rNGT, Reactive Nasogastric Tube; T, Treatment group; TNM, Tumour, Node, Metastasis; UKP, Unknown Primary.

Table 2
Definitions of pPEG and rPEG and/or/rNGT placement and feeding.

RCT, Author (Year) pPEG rPEG and/or rNGT

1 RCT reported in Silander et al.
[13], Silander et al. [27],
Axelsson et al. [28]

Placement
PEG placed prior to treatment initiation.
Feeding
Commenced in an average of 31 days into treatment,
initiated when oral intake became inadequate and
weight loss >1 kg.

Placement
PEG/NGT placed during treatment, following clinical indications.
Feeding
Commenced in an average of 54 days into treatment, feeding commenced
when clinically indicated.

1 RCT reported in Brown et al. [29],
Brown et al. [30]

Placement
PEG placed prior to treatment initiation.
Feeding
Enteral feeding initiated immediately following
placement.

Placement
PEG placed prophylactically prior to treatment initiation.
Feeding
The clinical criteria of feeding commencement included: meeting <60% of
estimated energy requirement for >10 days; difficulty inmaintaining weight;
patient required significant texture modified diet; increased or uncontrolled
nutrition impact symptoms. 50% of participants commenced on average 21
days into treatment.

Abbreviations: NGT, Nasogastric Tube; pPEG, Prophylactic Percutaneous Endoscopic Gastrostomy; RCT, Randomised Controlled Trial; rPEG, Reactive Percutaneous Endoscopic
Gastrostomy; rNGT, Reactive Nasogastric Tube.

X. Ye, Y.-C. Chang, M. Findlay et al. Clinical Nutrition ESPEN 44 (2021) 96e104

98



X. Ye, Y.-C. Chang, M. Findlay et al. Clinical Nutrition ESPEN 44 (2021) 96e104
2.7. Tube feeding duration definition

Tube feeding duration was defined as the number of days a
patient required EN, from the start of enteral feeding to tube
removal [13,28] or from treatment completion to tube removal
[29,30]. The term “tube dependency” has been used to describe the
duration of enteral feeding [13,28e30], however, the term was not
well-defined. For the purpose of this systematic review, the term
“tube feeding duration” will replace tube dependency and is
defined as the length of time an individual received EN support.
2.8. Major and minor complication definition

Only Brown et al. [29,30] defined and classifiedmajor andminor
tube-related complications. To ensure consistency, this systematic
review will consider major complications as those requiring hos-
pital admission for management [27]; while minor complications
are those that could be managed with minimal interventions
Fig. 1. PRISMA flow diagram showing study selection process according to

99
including oral antibiotics for site infections or other stoma issues
such as hyper-granulation, excoriation, erythema, pressure injury,
leakage, and feeding tube dislodgement [13,29,30].

3. Results

A total of 1536 publications were identified via electronic da-
tabases. One additional publication that was known to the authors
was included and four additional publications were identified
through hand-searching the reference lists. After screening the ti-
tles, abstracts and full texts, fivemanuscripts that met the inclusion
criteria were included for analysis, with reasons for exclusion
outlined in Fig. 1 [26].

3.1. Study characteristics

Two RCTs were reported in five included manuscripts. Study
populations included adults (�18 years) with any types of head and
PRISMA guidelines. Abbreviations: RCT, Randomised Controlled Trial.
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neck squamous cell carcinoma and in any tumour stages. Sample
size (n ¼ 265) ranged from 131 [29,30] to 134 [13,27,28] partici-
pants. The RCTs were conducted in Sweden (n ¼ 1) [13,27,28] and
Australia (n ¼ 1) [29,30]. Characteristics and results of the included
studies were summarised in Tables 1 and 3 respectively.

Follow-up assessment occurred during and post-treatment
in Silander et al. [13,27] and Axelsson et al. [28], but only post-
treatment in Brown et al. [29,30]. The RCT by Brown et al.
compared nutritional, clinical and patient outcomes in one
Table 3
Summary of study descriptive and key findings for the two randomised controlled trials

Author, year Sample Size (N) Outcome Results

1 RCT reported in 3 manuscripts:
Silander et al. [13]; Silander et al.

[27]; Axelsson et al. [28].

pPEG (N ¼ 64)
rPEG/rNGT
(N ¼ 70) rPEG: 6
rNGT: 45
Nil EN: 19

Tube feeding
duration

Silander et a

� Use of EN
� Mean day
� In patient

rNGT 160
� RT and
� CRT: pP
� CRT and

Silander et a
Axelsson et

� Use of EN
Tube-related
complications

Silander et a

� Serious co
� Most com

infection.
� rNGT grou

� Uninten
(N ¼ 1)

� Mild sid
Silander et a
Axelsson et

Dysphagia Silander et a

� Mean swa
� Baseline
� After 3
� After 6

Silander et a

� Mean swa
� Baseline

swallow
� 2e3 mo

pureed
� Six mon

food an
� Choking

Axelsson et

� Mean swa
� After 24
� After 8

� No signific
1 RCT reported in 2 manuscripts:
Brown et al. [29] & Brown et al. [30]

pPEG (N ¼ 61)
rPEG (N ¼ 70)

Tube feeding
duration

Brown et al

� Median (r
(P ¼ 0.339

� Rate of ga
Brown et al

� Average u
Tube-related
complications

Brown et al

� At 3-mont
� Major t
� Minor t
� N ¼ 27/

Brown et al
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manuscript [29], and the long-term impact of prophylactic enteral
feeding on outcomes was assessed in another manuscript [30]. The
second RCT was reported in three manuscripts by Silander et al.
[13,27] and Axelsson et al. [28]. The first manuscript examined the
impact of early tube feeding on malnutrition risk, quality of life and
energy intake [27], the second manuscript investigated hospital
admissions and quality of life [13] and the third manuscript
assessed the long-term effects of tube feeding on dysphagia
severity up to ten years [28].
in the systematic review.

l., [13]

: pPEG 98% vs. rPEG/rNGT 90%
s of tube use: pPEG 177 days vs. rPEG/rNGT 122 days (P < 0.0001)
s who have used EN (N ¼ 115), mean days of tube use: pPEG 180 days vs. rPEG/
days (P ¼ 0.0276)
surgery: pPEG 182 days vs. 92 days rPEG/rNGT (P]NS)
EG 182 days vs. rPEG/rNGT 170 days (P ¼ 0.043)
surgery: pPEG 181 days vs. rPEG/rNGT 221 days (P]NS)
l., [27] e Not reported
al., [28]

: 7% after 12 months, 2% after 24 months and 0% after 8 years.
l., [13]

mplications: pPEG 1 vs rNGT 0 (P]NS)
mon PEG-site complication: granulation tissue around the stoma and peristomal

p:
tional NGT dislocation (N ¼ 28): On 2e4 occasions (N ¼ 19) and on 7 occasions
.
e effects (N ¼ 15; i.e., tube-blocking)
l., [27] e Not reported
al., [28] e Not reported
l., [13] - EORTC QLQ HN35

llowing scale pPEG vs. rPEG/rNGT
: 12 vs. 19 (P]NS)
months: 55 vs. 58 (P]NS)
months: 29 vs. 34 (P]NS)
l., [27] - EORTC QLQ C30 & EORTC QLQ HN35

llowing scale presented in graphical diagrams.
vs. 2e3 months: Clinically important increase (>20 points) in difficulty with
ing solid food, pureed food and liquid in both groups.
nths to six months: Clinically important in difficulty with swallowing solid food,
food and liquid.
ths to 24months: no significant decrease in swallowing score of solid food, pureed
d liquid.
with swallowing remained consistent at two, three, six, 12 and 24 months.
al., [28] - EORTC QLQ HN35

llowing scale pPEG vs. rPEG/rNGT
months: 19 vs. 21 (P ¼ 0.88)

years: 21 vs. 18 (P ¼ 0.97)
ant difference at any timepoint for swallowing.
. [30],

ange) time to tube removal: pPEG 100 days (28e276) vs. rPEG 110 days (21e280)
).
strostomy use at 12 months post-treatment: 4% for both groups.
. [29],

se of tube: pPEG 115.5 days vs. rPEG 104.7 days (P ¼ 0.333).
. [30],

hs post tube insertion:
ube complications: pPEG 11% vs. rPEG 10% (P ¼ 0.989).
ube complications: 40% in both groups (P ¼ 0.995).
50 of the minor complications were site infections.
. [29],



Table 3 (continued )

Author, year Sample Size (N) Outcome Results

� At 3-months post tube insertion:
� No gastrostomy placement-associated mortality in both groups.

Dysphagia Brown et al. [30] - Diet texture

� Baseline: pPEG 69% vs. rPEG 67% were on full diet (P ¼ 0.778).
� After 3 months: pPEG 53% vs. rPEG 51% were on full diet (P ¼ 0.727).
Brown et al., [29] - EORTC QLQ HN35

� Change of swallowing scale from baseline to 3 months: pPEG 6.2 ± 22.5 vs. rPEG 8.8 ± 28.1
(P ¼ 0.564)

� No significant effects found following adjustment for other confounding variables

Abbreviations: CRT, Chemoradiotherapy; EORTC QLQ C30, European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire e Core 30; EORTC QLQ
HN35, European Organisation for Research and Treatment of Cancer Quality of Life QuestionnaireeHead&Neck Cancer 35; EN, Enteral Nutrition; NGT, Nasogastric Tube; PEG,
Percutaneous Endoscopic Gastrostomy; pPEG, prophylactic Percutaneous Endoscopic Gastrostomy; RCT, Randomised Controlled Trial; rPEG, reactive Percutaneous Endoscopic
Gastrostomy; rNGT, reactive Nasogastric Tube; RT, Radiotherapy.
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3.2. Study quality and certainty of evidence (GRADE)

When rated using RoB2, the RCT reported in Silander et al.
[13,27], and Axelsson et al. [28] was downgraded to “moderate risk”
related to the measurement of the outcome and selection of the
reported result. The RCT reported in Brown et al. [29,30] was rated
Table 4
Certainty of evidence assessed using GRADE.

Certainty assessment

No. of RCTs Study design (No. Of manuscripts) Risk of bias Inconsistency

Tube feeding duration e Short-term (<12 months)
2 [13,28e30] RCT (reported in 4 manuscripts) seriousa seriousb

Tube feeding duration e Long term (�12 months)
2 [28,30] RCT (reported in 2 manuscripts) not serious not serious

Tube-related complications
2 [13,29,30] RCT (reported in 3 manuscripts) seriousa not serious

Dysphagia
2 [13,27e30] RCT (reported in 5 manuscripts) seriousa not serious

a Risk of bias assessed using RoB2. Axelsson et al. [28] Silander et al. [13] & Silander et a
intervention assigned to with nil information regarding trial deviation. Brown et al. [29]

b Variations in the protocols and definitions of prophylactic and reactive EN used betw
c Indirect measures of dysphagia using diet texture.
d Sample size <400 but >100, and no analysis for precision (e.g. 95% confidence level)

Fig. 2. Robvis plot showing risk of

101
“low risk”. A robvis plot was created to visualise the results from the
risk of bias assessment (Fig. 2) [33].

Certainty of evidence for each outcome based on GRADE is pre-
sented in Table 4. It was rated very low for short term (<12 months)
and moderate for long term (�12 months) tube feeding duration,
low for tube-related complications and very low for dysphagia.
Certainty Importance

Indirectness Imprecision Other considerations

not serious seriousd none 4���
VERY LOW

Important

not serious seriousd none 444�
MODERATE

Important

not serious seriousd none 44��
LOW

Important

seriousc seriousd none 4���
VERY LOW

Important

l. [27]: some concerns with participants, carers and outcome assessors knowing the
& Brown et al. [30]: Low concerns.
een the trials.

was done.

bias of RCTs per RoB2 domain.
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3.3. Tube feeding duration

The two RCTs reported in four manuscripts examined the effect
of timing on tube feeding duration, one [29,30] was rated “low risk”
and the other [13,28] was rated “moderate risk” of bias. Inconsis-
tent results were found at short-term (<12 months) follow up and
no significant difference was found at long-term (�12 months)
follow up. Certainty of evidence was assessed as very low for short-
term tube feeding duration and was downgraded due to serious
risk of bias, inconsistency and imprecision, and moderate for long-
term tube feeding duration, downgraded for imprecision.

Tube feeding duration was measured at short-term follow up
(<12 months) [13,29,30]. Silander et al. [13] found that the mean
tube feeding duration from start of tube feeding to removal was
significantly longer in the pPEG compared to the rPEG/rNGT group
(177 vs. 122 days, p < 0.0001). A significant difference was also
found when considering only patients who used enteral feeding
during tumour treatment (pPEG 180 vs. rPEG/rNGT 160 days,
p ¼ 0.0276). In contrast, Brown et al. reported no significant dif-
ference in the mean time to tube removal between the pPEG and
rPEG group (115.5 vs. 104.7 days, p ¼ 0.333) [29], and median
[range] time to tube removal (pPEG 100 [28e276] vs. rPEG 110 days
[21e280], p ¼ 0.339) [30].

The percentage of patients requiring enteral feeding was
investigated at long-term follow up (�12 months) in the two RCTs
included [28,30] with no significant differences between the
groups. Brown et al. [30] reported at 12-months post-treatment,
the percentage of patients remaining on tube feeding was low
in both groups (4%), and was due to postoperative functional
dysphagia (3%) or severe dysphagia following definitive CRT (1%).
Axelsson et al. [28] followed 108 patients for up to ten years and
found no significant difference in both groups at 12months (7%), 24
months (2%) and 8 years (0%).

3.4. Tube-related complications

Certainty of evidence was assessed as low for tube-related
complications and was downgraded due to serious risk of bias
and imprecision. The two RCTs reported in three manuscripts
examined EN timing and tube-related complications, with one RCT
[29,30] rated “low risk” and the another [13] rated “moderate risk”
of bias. No significant difference was found in minor or major tube-
related complications among all studies investigated [13,29,30].

During the first three months post-PEG insertion, Brown et al.
[29,30] reported no gastrostomy placement-associated mortality.
Minor (40% vs. 40%) and major (11% vs. 10% [30]; 12% vs. 10% [29])
complication rates were similar between the pPEG and rPEG
groups. Silander et al. [13] reported mild local infection as the
most common minor complication in both pPEG/rPEG and rNGT
groups. One major complication was found in a patient with
pPEG, who experienced peritonitis and general organ failure six
days after tube dislodgement when the patient had delirium tre-
mens [13]. No patients in the rNGT group experienced major
complications.

3.5. Dysphagia

The two included RCTs reported in five manuscripts examined
EN timing and dysphagia [13,27e30]. One RCT [29,30] was rated
“low risk” and the other [13,27,28] was rated “moderate risk” of
bias. Certainty of evidence was rated very low for dysphagia and
was downgraded due to serious risk of bias, indirectness and
imprecision. Two different indirect assessment tools were used
across the studies and all reported no significant difference in
dysphagia between groups.
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Both of the two RCTs [13,27e29] assessed dysphagia severity
using the swallowing scale in the European Organisation for
Research and Treatment of Cancer Quality of Life Questionnaire in
Head and Neck Cancer Patients-35 (EORTC QLQ HN35). Both RCTs
suggested an increase in dysphagia short-term (<6 months). The
RCT results reported in the manuscripts by Axelsson et al. [28],
Silander et al. [13] and Silander et al. [27] suggested a clinically
important increase in dysphagia severity from baseline to the third
month follow-up after the start of treatment in both the pPEG
and rPEG/rNGT groups. Whereas in Brown et al. [29], there was
no significant change of swallowing scale from baseline to three
months post-treatment between the groups. Only one RCT
[13,27,28] assessed the impact of dysphagia after six months and
found an insignificant reduction (p > 0.05). Swallowing returned to
a level similar to baseline at two years and eight years after treat-
ment initiation [28]. Despite a clinically important increase (�ten
points) in dysphagia scale in the short-term and a decline of
swallowing problems over the long term, no statistically significant
differences were found between the groups at any time points
assessed.

Silander et al. [13] further separated the swallowing scale into
four questions: problems with swallowing solid food, pureed food,
liquids and choking with swallowing. Patients in both the pPEG and
rPEG/rNGT groups showed a clinically important increase in diffi-
culties eating solid foods, pureed foods and liquids from baseline to
the third month follow-up [13]. The statistics were comparable
when assessed at 12 months, 24 months and eight years after
starting treatment [28]. There was an increased problem with
choking when swallowing, which continued to be a significant
issue after two years for both groups [27].

Dysphagia severity using diet texture was reported by Brown
et al. [30], with 69% of patients in the pPEG and 67% in the rPEG
group tolerating a full diet at baseline (p ¼ 0.778). The remainder
of patients were either on a soft, minced or pureed diet. At three
months post-treatment, 51% of pPEG compared to 67% in the rPEG
group returned to full diet (p¼ 0.727) [30]. It was also found that 5%
of patients in each groupwere on a liquid diet, and 3% in the control
group was nil by mouth [30].

4. Discussion

This is the first systematic review of RCTs exploring the impact
of EN timing on tube feeding duration, tube-related complications
and dysphagia in patients with HNC undergoing RT or CRT in
definitive or adjuvant settings. Certainty of evidence was very low
for short-term and moderate for long-term tube feeding duration,
low for tube-related complications and very low for dysphagia. This
was downgraded due to risk of bias (short-term tube feeding, tube-
related complications and dysphagia), inconsistency (short-term
tube feeding), imprecision due to small sample sizes (all outcomes)
and indirectness (dysphagia).

EN timing may have little or no effect on short-term (<12
months) tube feeding duration [13,28e30]. One RCT [13,28] found
patients with pPEG experience significantly longer tube feeding
duration while the other RCT [29,30] found no significant differ-
ence. This may be related to different prophylactic and reactive EN
protocols being used [13,28e30]. Participants in the pPEG group in
both RCTs received PEG tubes prior to treatment and feeding
initiated immediately after tube placement in Brown et al. [29,30],
but an average of 31 days into treatment in Silander et al. and
Axelsson et al. [13,28], which appeared to bemore consistent with a
reactive approach to Brown et al. [29,30]. Patients' nutritional sta-
tus may have deteriorated at the point of receiving EN that they
require longer EN support. However, it's unclear whether
the increased duration in the pPEG group was attributed to the
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difference in the timing of EN support commencement or tube
placement.

At long-term follow ups (�12 months), there was no difference
in tube feeding duration between the two groups [28,30]. This
disagrees with Wopken et al. [22], who concluded that patients
with pPEG were more likely to retain their tube at both six- and 12-
months post-treatment. or the inconclusive findings from Shaw
et al. [7]. Nevertheless, longer duration of tube feeding may not
necessarily be a negative outcome if patients clinically required EN
to maintain or improve their nutritional status.

Tube feeding duration was measured at different timepoints
across the RCTs, which prevented direct comparison and empha-
sises the need of similar measurement timepoints in future studies.
One measured from the day of tube feeding commencement during
treatment to tube removal [13,27], and another measured from the
day of treatment completion to removal [29,30]. Most patients are
likely to receive EN during treatment due to the tumour symptoms
and treatment side effects. As there is an improvement to tumour
symptoms and treatment side effects following treatment,
measuring from treatment completion would provide a clearer
picture on whether different timing of EN influenced tube feeding
duration.

The overall minor and major complications rates were not
significantly different between the pPEG and rPEG/rNGT groups
and no PEG placement-associated mortality occurred in both
groups [13,29,30]. This is consistent with Zhang et al. [18], which
reported no significant difference in tube-related complication rate
between pPEG and rPEG (RR: 1.35, 95% CI: 0.37e4.95).

Dysphagia was measured using EORTC-QLQ-HN35 and diet
texture across the RCTs [13,27e30]. Although there was no differ-
ence in dysphagia between the groups, there is uncertainty with
the effect of EN timing on dysphagia, which is consistent with Shaw
et al. [7]. EORTC-QLQ-HN35 is a subjective measure assessing QoL
associated with swallowing. The actual incidence of dysphagia may
not be accurate due to reporting bias of the participants. Addi-
tionally, the frequency of long-term follow-up to examine the
changes of swallowing outcomes overtime was limited, one RCT
assessed dysphagia only once throughout the trial [29,30]. Follow-
up timepoints were different across the RCTs which limited com-
parison, one trial [13,27,28] initiated follow-up after treatment
started, and the other [29,30] reviewed patients following treat-
ment completion. Participants in Brown et al. [29,30] were
encouraged tomaintain oral intake in addition to full delivery of EN
support, this information was not reported in the other RCT
[13,27,28]. Confounding factors to dysphagia such as treatment
modalities, tumour location and cancer stage were not considered
in these studies, which added further uncertainty to the effect of EN
timing support on dysphagia. It is noteworthy to mention that the
combined approach of oral intake and full EN delivery in Brown
et al. [29,30] may have assisted more than half of the participants
with maintaining swallowing function and returning to full diet.

No negative effects of prophylactic EN on swallowing outcomes
were observed. However, dysphagia has been suggested as a
possible prognostic factor for tube dependency at 12-months [29]
and is consistent with Wopken et al. [22]. It is difficult to conclude
whether it was EN timing or the pre-existing dysphagia that led to
prolonged tube feeding, as pre-existing dysphagia is a clinical
indictor for EN commencement in some institutions [29,30].
Moreover, a recent study [34] identified the T-stage extent and
number of days nil by mouth (NBM) as significant risk factors for
tube dependency at 12 months in patients with pPEG. Additionally,
patients who had underwent intensity-modulated radiation ther-
apy and had seen a speech pathologist during treatment had
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shorter NBM time and less likely to be tube dependent [34]. This
may suggest the importance of multidisciplinary management for
reducing tube feeding duration and transitioning from EN to oral
intake.

4.1. Strengths and limitation

A major strength of this systematic review is the inclusion of
only RCTs and the use of reliable and robust methods, RoB2 and
GRADE, to assess evidence. Previous systematic reviews and meta-
analysis of this topic have included mostly non-randomised studies
and have not used GRADE as part of their analysis [7,14,18,22].
McClelland et al. [14] and Wopken et al. [22] did not report any
quality assessment, Shaw et al. [7] utilised the Cochrane risk-of-bias
tool for quality assessment and Zhang et al. [18] used the
NewcastleeOttawa Scale for observational studies and the
Cochrane Handbook for systematic reviews of interventions for
RCTs. Furthermore, this review included three newly published
manuscripts [28e30], which were not included in previous syn-
theses [7,14,18]. One of the new manuscripts [28] reported long
term outcomes of the Silander et al. [13,27] RCT, and two others
[29,30] reported a newly-conducted RCT.

Despite this new evidence, a definitive conclusion could not be
reached due to small sample sizes, heterogeneity in the definitions
and protocols for prophylactic and reactive EN approaches, varia-
tions in timepoints for outcome assessment and indirect dysphagia
measures. The long-term swallowing outcomes at 24 months and 8
years reported in Silander et al. [27] and Axelsson et al. [28]may not
be an accurate evaluation of the impact of pPEG due to potential
confounding factors such as stroke, ageing and neurological disor-
ders. Most of the included studies, as well as previous reviews on
this topic, have failed to differentiate clearly between prophylactic
tube placement and prophylactic tube feeding, which limits the
ability to make comparisons. Furthermore, in the RCT by Silander
et al. [13,27] and Axelsson et al. [28], most participants in the
control group received rNGT (n ¼ 45/70) or no EN (n ¼ 19/70),
compared to rPEG (n ¼ 6/70). This limited comparison to Brown
et al. [29,30], in which all received PEG.

5. Conclusion

In patients with HNC undergoing RT or CRT of curative-intent in
definitive or adjuvant settings, Certainty of evidence regarding the
timing of EN is low for short-term and moderate for long-term
feeding duration, low for tube-related complications and very
low for dysphagia. Large well-designed trials with consistent tube
feeding protocols, direct dysphagia assessment tools and increased
follow-up frequency are required to determine the optimal timing
of EN for patients with HNC.
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