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New radiotherapy techniques do not reduce the need for
nutrition intervention in patients with head and neck cancer
T Brown1,2, M Banks2, BGM Hughes3,4, C Lin3, LM Kenny3 and JD Bauer1

BACKGROUND/OBJECTIVES: Since 2007, our institution has used validated guidelines for the insertion of proactive gastrostomy
feeding tubes in patients with head and neck cancer. Helical intensity-modulated radiotherapy (H-IMRT) delivered by Tomotherapy,
is an advanced radiotherapy technique introduced at our centre in 2010. This form of therapy reduces long-term treatment-related
toxicity to normal tissues. The aim of this study is to compare weight change and need for tube feeding following H-IMRT (n= 53)
with patients that would have previously been treated with three-dimensional conformal radiotherapy (n= 134).
SUBJECTS/METHODS: Patients with head and neck cancer assessed as high nutritional risk with recommendation for proactive
gastrostomy were identified from cohorts from 2007 to 2008 and 2010 to 2011. Retrospective data were collected on clinical
factors, weight change from baseline to completion of treatment, incidence of severe weight loss (⩾10%) and tube feeding.
Statistical analyses to compare outcomes between the two treatments included χ2-test, Fisher’s exact and two-sample Wilcoxon
tests (Po0.05).
RESULTS: The H-IMRT cohort had higher proportions of patients with definitive chemoradiotherapy (P= 0.032) and more advanced
N stage (Po0.001). Nutrition outcomes were not significantly different between H-IMRT and conformal radiotherapy, respectively:
need for proactive gastrostomy (n= 49, 92% versus n= 115, 86%, P= 0.213), median percentage weight change (−7.2% versus
− 7.3%, P= 0.573) and severe weight loss incidence (28% versus 27%, P= 0.843).
CONCLUSIONS: Both groups had median weight loss 45% and high incidences of tube feeding and severe weight loss. Nutrition
intervention remains critical in this patient population, despite advances in radiotherapy techniques, and no changes to current
management are recommended.
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INTRODUCTION
Patients with mucosal squamous cell carcinoma cancer of the
head and neck have a high incidence of malnutrition and
frequently require enteral tube feeding. Since 2007, our institution
has used validated local hospital guidelines: the RBWH Swallowing
and Nutrition Management Guidelines for Patients with Head and
Neck Cancer (S&N Guidelines), for a proactive approach to the
insertion of enteral feeding tubes.1 Implementation of the S&N
Guidelines has reduced unplanned hospital admissions and length
of stay,2 and adherence to the S&N Guidelines has improved
nutrition outcomes.3 There is no international consensus for the
optimal method of tube feeding4 and centres have adapted either
a proactive or reactive approach. The majority of studies
supporting prophylactic gastrostomy insertion have been under-
taken in patients receiving treatment with conformal radiotherapy
or radiotherapy alone.5–7 As radiotherapy techniques and treat-
ment regimens evolve, nutrition support recommendations also
require ongoing review.
Intensity-modulated radiotherapy (IMRT) is a targeted form of

radiotherapy. When compared with three-dimensional (3D)
conformal radiotherapy, IMRT allows better preservation of organs
and tissues in close proximity to the cancer being treated (for
example, parotid glands), and so reduces late side effects such as

xerostomia and thereby improves quality of life.8 Although, some
authors have postulated this may lead to a reduced need for a
gastrostomy,9 there are studies that continue to support the role
of a prophylactic gastrostomy with IMRT, in particular with
concurrent treatment.10 There have been concerns that prophy-
lactic gastrostomy insertion increases the risk of gastrostomy
dependency, with longer duration of tube usage and increased
dysphagia post treatment,11–13 although some studies with IMRT
have not found this to be of concern.14–16

Since 2010, the majority of patients with squamous cell
carcinoma of the head and neck in our centre have
been treated with helical-IMRT (H-IMRT) using Tomotherapy
(TomoTherapy Inc., Madison, WI, USA). Several studies have
suggested H-IMRT can achieve superior dose sparing to organs
at risk versus other forms of IMRT.17–20 This has strengthened the
hypothesis that intensive nutrition support with a feeding tube
may no longer be warranted. However, the extent of nutrition
outcomes and requirement for tube feeding following H-IMRT has
not been widely reported. Therefore, the aim of this study was to
investigate weight change and the requirement for tube feeding
in a cohort of high-risk patients receiving H-IMRT compared with a
high-risk cohort receiving standard conformal radiotherapy to see
whether any change to nutrition management is warranted.
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SUBJECTS AND METHODS
Study population
Patients attending the multidisciplinary Combined Head and Neck Clinic
for cancer treatment over two time periods at a large metropolitan tertiary
referral hospital were screened for inclusion in the study. The first cohort
(January 2007 to December 2008) was treated with 3D conformal
radiotherapy and the second cohort (July 2010 to June 2011) received
either 3D conformal radiotherapy or H-IMRT. Patients were excluded if they
had the following: benign disease, a non-head and neck tumour, palliative
intent treatment, refused treatment, treatment at another hospital,
incomplete/missing data or no access to the medical chart. The remaining
eligible patients were classified as high risk or non-high risk according to
the S&N Guidelines (see Figure 1). For the purposes of this study, only high-
risk patients receiving definitive or adjuvant radiotherapy as part of their
treatment were included, to provide a final comparative sample of patients
who received either H-IMRT or 3D conformal radiotherapy (see Figure 2).

Nutrition intervention
High-risk patients were recommended for gastrostomy placement before
treatment (proactive gastrostomy tube placement). This guideline
recommendation encompasses those who would benefit from immediate
nutrition support, owing to poor nutritional status or significant dysphagia
at diagnosis (a therapeutic gastrostomy), as well as those who would
benefit from future nutrition support, owing to predicted treatment side
effects (a prophylactic gastrostomy). All other patients who may require
tube feeding during treatment have either a nasogastric or gastrostomy
tube placed depending on predicted duration of need (reactive tube
placement).
All patients were screened at baseline by the dietitian using the

validated Malnutrition Screening Tool.21 Patients who were identified at

risk of malnutrition (score 2–5) were provided with dietary advice or
referred to their local dietitian service pre-treatment. Patients were referred
routinely to the surgical dietitian and/or radiotherapy dietitian, respec-
tively, according to their treatment plan. Outpatients were seen on a
weekly basis during treatment and inpatients were seen daily to weekly as
clinically indicated as part of standard care.
Weight was recorded at diagnosis and at the end of radiotherapy

treatment and percentage weight change calculated. Nutrition require-
ments were calculated by the dietitian using the ratio method.22 Energy
requirements (125 kJ/kg/day, 30 kcal/kg/day) and protein requirements
(1.2 g/kg/day) were based on actual body weight, unless the patient was
overweight (body mass index425 kg/m2), and then adjusted body weight
was used. Adjusted body weight was calculated using the following
equation (ideal body weight (IBW) + ((actual body weight− IBW) × 25%)),
whereby (IBW) was the weight at body mass index 25 kg/m2. At each
dietetic review, weight was monitored, and energy and protein intakes
were estimated using a 24-h recall method. The dietitian estimated actual
intake against standard portion sizes and revised nutrition requirements
and prescriptions as clinically indicated.
Initiation of tube feeding for all patients was recommended if oral intake

fell to o60% of estimated energy requirements and was not anticipated
to improve in the next 10 days. Patients continued on tube feeding until
they were able to establish a minimum of 60% of their nutrition
requirements orally and maintain their weight. All patients were referred
to their local dietitian service on completion of treatment.

Study design and data collection
This was a retrospective comparative cohort study. Data collection was via
retrospective chart audit and the use of existing clinical databases in the
patient administration systems of the hospital. Independent variables
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Figure 1. Royal Brisbane and Women’s Hospital Swallowing and nutrition management guidelines for patients with head and neck cancer—
revised version 2010.43 These guidelines have minor alterations to the high-risk definition compared with the original version used from 2007
to 2009. They previously included the diagnosis of dysphagia at baseline. This has now been removed and unknown primary tumours added.
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included the following: gender, age, clinical factors (tumour site, tumour
stage and treatment) and adherence to the S&N Guidelines’ recommenda-
tions for proactive gastrostomy insertion. Dependent variables included
the following: percentage weight change from diagnosis to the end of
radiotherapy treatment, the incidence and use of proactively placed
gastrostomy tubes and the incidence, type and duration of use of reactive
feeding tubes.

Outcomes
Percentage weight change was chosen as the primary nutrition outcome
for this study, as it has been widely used and accepted in the literature.
Unintentional weight loss of ⩾ 10% within the previous 6 months signifies
a substantial nutritional deficit.23 It has been associated with moderate-to-
severe malnutrition and therefore is considered a simple valuable measure
to use for this purpose.24 Significant weight loss has also been shown to
negatively impact on patient and clinical outcomes, such as quality of life25

and survival,26,27 and thus is a clinically significant measure readily
available from retrospective data collection.
The nutrition outcome data were used to retrospectively determine the

validity of the S&N Guideline recommendation for proactive gastrostomy.
For each patient, the outcome of whether they were deemed to ‘need or
not need a proactive gastrostomy’ was calculated. A patient was deemed
to truly ‘need a proactive gastrostomy’ if the following clinical outcomes
occurred:

● Patient had a proactive gastrostomy placed as per the S&N Guidelines
and it was used for nutrition support

● Patient had a reactive feeding tube placed and it was used for
44 weeks

● Patient had an unused proactive gastrostomy or a reactive feeding tube
for o4 weeks, or no feeding tube, and lost ⩾ 10% body weight

These outcome definitions are described fully elsewhere when they
were used to originally validate the S&N Guidelines1 and are deemed to
confirm the prediction that the patient required a proactive gastrostomy as
per the S&N Guidelines.

Statistical analysis
Based on the sample size from the two cohorts, there was an approximate
ratio of 1:2.5 patients in each treatment group. In a previous study, the
response within each group had an s.d. of 5. If the true difference in
the treatment groups’ mean weight loss is 2.3%, we will be able to reject
the null hypothesis that the population means treatment groups are equal
with probability (power) 0.804. The type I error probability associated with
this test of this null hypothesis is 0.05.
Statistical analysis was performed to determine any baseline between

the treatment groups. Categorical variables were collapsed when
necessary for the χ2-test as per details in Table 1. Continuous variables
were assessed for normal distribution using the Shapiro–Wilk test and non-
parametric tests were used when the data were not normally distributed.
To compare outcomes, the two-sample Wilcoxon test was used for
continuous variables and the χ2-test or Fisher’s exact test for the
categorical variables. Statistical significance was set at Po0.05 for all
analyses. Data were analysed using R Commander Version 1.8-3 and R
version 2.14.2 (2012-02-29) (Available from R Foundation for Statistical
Computing, Vienna, Austria).

Ethics
The study was deemed a quality improvement study and exempt from full
ethical review by the Human Research Ethical Committee at the hospital.
Patients received standard nutritional care during their treatment and
were not subject to any experimental intervention. All data used is
routinely collected for ongoing quality assurance and available in the
patient administration systems of the hospital.

Table 1. Patient characteristics: demographics and clinical data

Helical-IMRT
(n= 53)

3D conformal
(n= 134)

P-values

N (%) N (%)

Age (years)a 0.324
Median (range) 59 (32, 85) 61 (26, 86)
Genderb 0.756
Male 43 (81) 106 (79)
Female 10 (19) 28 (21)

Siteb 0.132
Oral cavity 7 (13) 36 (27)
Oropharynx 36 (68) 75 (56)
Nasopharynx 4 (7) 2 (1)
Hypopharynx 3 (6) 11 (8)
Larynx 1 (2) 6 (5)
Unknown primary 2 (4) 4 (3)

T classificationb 0.103
T1 11 (21) 12 (9)
T2 14 (26) 34 (25)
T3 14 (26) 32 (24)
T4 12 (23) 52 (39)
Tx 2 (4) 4 (3)

N classificationb o0.001c

N0 3 (6) 30 (22)
N1 5 (9) 28 (21)
N2 44 (83) 68 (51)
N3 1 (2) 8 (6)

Treatmentb 0.032c

RT 0 (0) 5 (4)
ChemoRT 50 (94) 105 (78)
Surgery and RT 1 (2) 3 (2)
Surgery and
chemoRT

2 (4) 21 (16)

Abbreviations: 3D, three-dimensional; ChemoRT, chemoradiotherapy;
IMRT, intensity-modulated radiotherapy; RT, radiotherapy. aTwo-sample
Wilcoxon’s test. bχ2-test (site: oral vs oropharyngeal vs all others; T stage:
T1/T2 vs T3/T4/Tx; N stage: N0/N1 vs N2/N3; treatment: definitive RT ±
chemo vs adjuvant RT ± chemo) cStatistical significance Po0.05.
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Figure 2. Cohort inclusion and exclusion criteria.
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RESULTS
Sample population
There were 187 high-risk patients eligible for the study after
applying inclusion and exclusion criteria (see Figure 2). Reasons
for high-risk rating were as follows: oral cavity cancer and
bilateral chemoradiotherapy (n= 42), oropharyngeal cancer and
bilateral chemoradiotherapy (n= 108), nasopharyngeal cancer and
chemoradiotherapy (n= 6), hypopharyngeal cancer and chemor-
adiotherapy (n= 13), unknown primary and chemoradiotherapy
(n= 6), severe malnutrition at presentation (n= 12) and severe
dysphagia at presentation (n= 0).
Of those presenting with severe malnutrition (defined as either

unintentional weight loss 410% in 6 months, body mass index
o20 kg/m2 with unintentional weight loss 5%–10% in 6 months,
or Subjective Global Assessment C), four patients had post-
operative radiotherapy for oral cavity (n= 1) or laryngeal (n= 3)
tumours; five patients had radiotherapy for oropharyngeal (n= 3),
hypopharyngeal (n= 1) or laryngeal (n= 1) tumours; and the
remaining three patients had chemoradiotherapy for a laryngeal
tumour.
High-risk patients who received H-IMRT (n= 53) were compared

with high-risk patients who received 3D conformal radiotherapy
(n= 134) (see Table 1). None of the patients had metastatic disease
and all received curative intent treatment. Although there were no
statistically significant differences for age, gender, site or T stage,
the H-IMRT cohort had more advanced nodal disease (N2 or N3
stage), 85% versus 57% (Po0.001), as well as a higher proportion
treated with definitive chemoradiotherapy, 94% versus 78%
(P= 0.017).

S&N Guideline adherence and method of tube feeding
Overall, adherence with the S&N Guidelines’ high-risk category
recommendations was high with 157/187 patients (84%) receiving
a proactive gastrostomy. Two patients in the H-IMRT group had a
reactive tube placed versus 14 patients in the 3D conformal group.
The overall method of tube feeding was not different between the
two groups (P= 0.172) (Table 2).

Nutrition outcomes: weight
The mean weight at baseline was not significantly different
between the two groups (P= 0.272). There were no significant
differences between the two types of treatment with regards to
the outcome of weight change from diagnosis to the end of
radiotherapy treatment (Table 2). Median percentage weight
change was − 7.2% (range: − 19.1, 8.5) in the H-IMRT group versus
− 7.3% (range: − 20.1, 22.9) in the conformal group (P= 0.573).
Incidence of severe weight loss (⩾10%) was 28% in the H-IMRT
group versus 27% in the conformal group (P= 0.843).

Nutrition outcomes: ‘needed a proactive gastrostomy’
Both groups had a high proportion of patients who met the
criteria for ‘needed a proactive gastrostomy’ based on their actual
clinical outcomes, with 92% in the H-IMRT group (n= 49) versus
86% in the 3D group (n= 115; P= 0.213) (Table 2). There were 9
unused proactive tubes overall, of which 3 patients had severe
weight loss (⩾10%) and 14 patients who did not receive any form
of tube feeding; however, 9 of these also had severe weight loss
(⩾10%) (Table 3).

DISCUSSION
The results from this study demonstrate that despite advances in
radiotherapy techniques, which reduce long-term toxicity and side
effects,8 this has not translated into improved early nutritional
outcomes. We have found no statistical difference in the mean
weight loss during treatment and in the need for tube feeding,

with a large proportion of patients still meeting the criteria for
proactive gastrostomy placement. Although acknowledging there
were differences in clinical characteristics between the two groups
(higher rates of advanced N stage disease and more patients
receiving definitive chemoradiotherapy in the H-IMRT group),
which could possibly be attributed to the increasing incidence of
human papillomavirus-related oropharyngeal cancers,28 ultimately
there was still a high incidence of weight loss and requirement for
tube feeding in both groups.

Table 2. Comparison of nutrition outcomes for helical-IMRT and
3D conformal radiotherapy treatments

Helical-IMRT
(n= 53)

3D conformal
(n= 134)

P-values

Median (range) Median (range)

Weighta

Baseline (kg) 78 (46, 126) 74 (42, 150) 0.276
End of radiotherapy (kg) 76 (44, 116) 69 (37, 137) 0.277
Weight change (kg) − 4.8 (−18.0, 4.1) − 5.35 (−21.3, 10.3) 0.873

Weight lossa

Weight loss (%) − 7.2 (−19.1, 8.5) − 7.3 (−20.1, 22.9) 0.573

N (%) N (%)
⩾ 10% weight lossb 0.843
Yes 15 (28) 36 (27)
No 38 (72) 98 (73)

Tube outcomesc 0.172
Proactive tube 49 (92) 108 (81)
Reactive tube 2 (4) 14 (10)
Nil tube 2 (4) 12 (9)

Met criteriad ‘needed a
proactive gastrostomy’b

0.213

Yes 49 (92) 115 (86)
No 4 (8) 19 (14)

Abbreviations: 3D, three-dimensional; IMRT, intensity-modulated radio-
therapy. Statistical significance Po0.05. aTwo-sample Wilcoxon’s test.
bχ2-test. cFisher’s exact test. dDefinition of criteria for ‘needed a proactive
gastrostomy’ according to Brown et al.1

Table 3. Description of tube feeding and nutrition outcomes to
determine the need for proactive gastrostomy tube following
helical-IMRT and 3D conformal radiotherapy treatments

Met criteriaa ‘needed
a proactive gastrostomy’

Helical-IMRT
(n= 53)

3D conformal
(n= 134)

N N

Met criteria 49 (92%) 115 (86%)
Proactive PEG used 46 102
Reactive NGT and PEG 1 2
Reactive PEG 1 1
Reactive NGT ⩾ 4 weeks 0 1
Reactive NGTo4 weeks
+⩾ 10% weight loss

0 1

Unused proactive PEG+⩾ 10%
weight loss

1 2

Nil tube+⩾ 10% weight loss 0 6

Did not meet criteria 4 (8%) 19 (14%)
Reactive NGTo4 weeks
+o10% weight loss

0 9

Unused proactive PEG+o10%
weight loss

2 4

Nil tube+o10% weight loss 2 6

Abbreviations: 3D, three-dimensional; IMRT, intensity-modulated radio-
therapy; NGT, nasogastric tube; PEG, gastrostomy tube. aDefinition of
criteria for ‘needed a proactive gastrostomy’ according to Brown et al.1
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Research relating to impact of H-IMRT on nutrition outcomes
and tube feeding requirements is sparse,29 although there are
some studies reporting on outcomes following linear accelerator-
based IMRT.30–32 The current evidence indicates that weight loss is
a recurring problem, despite advancing radiotherapy techniques,
which supports the ongoing essential need for nutrition interven-
tion. Maintaining and improving nutritional status has been
shown to improve quality of life25,33 and other clinical outcomes.34

Capelle et al.35 reported a median loss of 6% of pre-
radiotherapy weight (with a maximum weight loss of 13.6%) in
a small case series (n= 20) of patients receiving definitive or
adjuvant chemoradiotherapy.35 You et al.36 reported 23% of their
patients (7/31) lost 45% of their body weight and these weight
changes and anatomical contour changes impacted on severity of
side effects such as xerostomia.36 Duma et al.37 were investigating
the dosimetric effect of adaptive radiotherapy and they reported
re-planning usually occurred by the end of the third week of
treatment, at which point there was a median weight loss of 2.3 kg
(range 0 to − 10.7 kg); however, the overall weight change was not
reported.37 There is even less data in the literature on the usage of
feeding tubes with H-IMRT. In one small study (n= 5), all patients
had a proactive gastrostomy tube placed; however, nutritional
outcomes or tube use were not reported.38 Another small study
(n= 17) reported that no patients in their case series received a
gastrostomy (although the use of nasogastric tubes was not
reported); however, 29% (n= 5) had severe weight loss ⩾ 10%.39

Multidisciplinary team adherence to the S&N Guideline
recommendations for high-risk patients improved over time, with
adherence of 80% (2007–2008) increasing to 89% (2010–2011).
Despite a high rate of tube feeding and therefore nutrition
intervention in this patient group, the weight loss outcomes
remain sub-optimal. Both groups had median weight loss ⩾ 5%
and a high incidence of severe weight loss (⩾10%), which is
consistent with the literature.35,39,40 Further research is required
to investigate why patients continue to lose significant weight,
despite intensive nutrition interventions, and investigate strate-
gies to overcome this weight loss.41 The aetiology of patients’
weight loss is likely multi-factorial and not simply related to the
radiotherapy dosimetry. Patients receiving concurrent chemor-
adiotherapy often experience additional chemotherapy-induced
side effects such as nausea, vomiting, taste changes, loss of
appetite and fatigue. Silander et al.40 demonstrated patients were
not able to meet their recommended energy and protein intakes
despite prophylactic gastrostomy, hypothesising treatment side
effects as the main barrier.40 Patient adherence to recommenda-
tions is also an important consideration, as we have shown in this
study that despite proactive gastrostomy insertion, there were
three patients that chose not to use their tube when it was
recommended to do so, resulting in clinically significant weight
loss. Capuano et al.34 reported 47% of patients were deemed non-
adherent—either not accepting nutritional counselling or refusing
nasogastric or gastrostomy tubes during treatment, and this had
a significant impact on their outcomes.34 Further research
to develop our understanding of factors that have an impact on
weight loss and adherence is required to enable the development
of effective strategies to ultimately improve nutrition outcomes.
A retrospective study design results in limitations such as

patient exclusions, owing to difficulties accessing charts and
missing data. It also limits the ability to measure other clinical
outcomes that are not part of routine practice, such as quality of
life, blood results, body composition and toxicity profiles.
Although reduced late toxicity has been demonstrated with
IMRT,8 the research with H-IMRT remains limited with studies only
reporting the reduction in doses to organs at risk compared with
IMRT17–20 A prospective observational study is currently in
progress to determine acute and late toxicity profiles following
H-IMRT and will be reported on separately. The duration of
gastrostomy use should be more carefully considered in future

studies. If duration of gastrostomy use is o4 weeks, a nasogastric
tube may be more appropriate42 as long as there is no
compromise to the ultimate nutrition outcome and degree of
weight loss. Although the high-risk definition for the S&N
Guidelines actually changed slightly over the period of data
collection for the two cohorts,43 this had a negligible impact on
results, owing to small numbers in the categories affected by
change, (no patients classified as high risk owing to dysphagia
alone and only six patients with an unknown primary treated
with chemoradiotherapy). Additional outcome measures such as
nutritional status using validated tools44 or a combination of
standardised characteristics to diagnose malnutrition45 would
have been useful to include in this study; however, the details
required for these types of assessment were usually only routinely
recorded at baseline. Therefore, percentage weight loss was used
as the primary nutrition outcome, as this was a convenient
measure available through retrospective chart audit. Given ⩾ 10%
weight loss has been shown to have an impact on patient and
clinical outcomes,25–27 this was considered a suitable nutrition
outcome measure for this study design.
The strength of this study is that it is the largest cohort to date

with adequate statistical power to report on nutrition outcomes
following H-IMRT. We were fortunate to be able to compare
patients receiving the two types of treatment over a similar period
of time at one centre with no other contemporaneous changes in
practice at our institution that may have confounded these results.
Concurrent comparative cohort studies will become increasingly
difficult to perform, as centres migrate to the use of advanced
techniques as their new standard of care. Our study also benefits
from minimal selection bias with the use of validated guidelines to
clearly identify high-risk patients for proactive tube feeding, with a
high rate of adherence by the multi disciplinary team.
In conclusion, although H-IMRT has been shown to deliver

reduced doses to normal tissue, there are no significant
differences in incidence of tube feeding or weight loss during
treatment when compared with conformal 3D radiotherapy
techniques. Therefore, the placement of a proactive gastrostomy
tube is still warranted in high-risk patients and nutrition
intervention remains critical.
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