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Background & aims: Chemoradiation and bioradiation (CRT/BRT) for locally advanced head and neck
squamous cell carcinoma (LAHNSCC) often comes with high toxicity rates, interfering with oral intake
and leading to temporary tube feeding (TF) dependency. High-quality scientific evidence for indicators of
prophylactic gastrostomy insertion is not available. The aim of this retrospective cohort study was to
develop a prediction model to identify patients who need prophylactic gastrostomy insertion, defined as
the expected use of TF for at least four weeks.
Methods: Four-hundred-fifty LAHNSCC patients receiving CRT/BRT with curative intent between 2013
and 2016 were included in the study. Primary outcome was TF-dependency for four weeks or longer.
Patient, tumor, and treatment characteristics were extracted from the medical records and their effects
on the use of TF were analyzed using univariable and multivariable analysis. The prediction model was
internally validated using bootstrapping techniques.
Results: Sixty-five percent (294/450 patients) required TF for four weeks or longer. Variables included in
the model were: body mass index and adjusted diet at start of CRT/BRT, percentage weight change at
baseline, World Health Organization performance status, tumor subsite, TNM-classification, CRT/BRT,
mean radiation dose on the contralateral submandibular and parotid gland. The corrected Area Under the
Curve after internal validation was 72.3%, indicating good discriminative properties of the prediction
model.
Conclusions: We developed and internally validated a prediction model that is intended to estimate TF-
dependency for at least four weeks in LAHNSCC patients treated with CRT/BRT. This model can be used as
a tool to support personalized decision making on prophylactic gastrostomy insertion.

© 2019 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
Utrecht, the Netherlands.
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Squamous Cell Carcinoma (LAHNSCC) consists of primary or adju-
vant radiotherapy (RT) with concurrent radiosensitizing systemic
therapy (cisplatin, carboplatin or cetuximab) [1e4]. Side effects of
this chemo or bioradiation therapy (CRT/BRT) protocol include,
among others, mucositis [5], xerostomia, sensory changes/taste
distortion, pain, dysphagia, and nausea and vomitus [6,7]. These
side effects may contribute to reduced oral intake and consequently
weight loss during and after CRT/BRT [5e8], resulting in worse
functional and oncological outcomes [9e12]. Maintaining body
weight leads to improved therapy tolerance, reduced risk of com-
plications and therapy delay, increased response rate [13], and
higher survival rate [14]. When oral intake is insufficient to meet
protein and energy requirements, tube feeding (TF) is required
[15,16]. TF can be administered by means of a nasogastric tube
(NGT) or a percutaneous radiologic or endoscopic gastrostomy (PRG
or PEG). Current guidelines recommend gastrostomy insertion, not
NGT, when TF is expected to be required for at least four weeks
[13,17,18].

Currently, there is a lack of consentient directives, leading to
various policies for tube insertion in CRT/BRT patients in different
institutions. Prophylactic gastrostomy insertion has been the
subject of debate, because prophylactic TF in all patients might
lead to increased long-term dysphagia, considering the “use it or
lose it” principle with respect to swallowing structures [19e21].
Moreover, gastrostomy insertion is not a risk-free procedure with
complication rates of about 3.3e19% [22,23] and between 9% and
47% of the prophylactic gastrostomies are never used [24,25].
Therefore, gastrostomies should not be placed prophylactically in
every individual, but only upon indication as stated in the Dutch
Head and Neck Cancer Society (DHNCS) guidelines [26]. However,
this indication has not been described properly due to a lack of
scientific evidence.

Previous studies [24,27] identified predictive factors for pro-
phylactic gastrostomy placement and TF during CRT/BRT but failed
to develop a strong prediction model. More recently, a prediction
model for identifying CRT/BRT patients at risk for long-term (>90
days) tube dependency was presented [28]. By using a model only
focusing on long-term TF-dependency, a large proportion of pa-
tients requiring TF due to acute toxicities remains unidentified:
68e81% of the patients require TF during CRT/BRT [6,24,28]
compared to 20e45% at three months after treatment [20,24,29].

The purpose of this retrospective cohort study was to develop a
prediction model to identify patients who need prophylactic gas-
trostomy insertion, defined as the expected use of TF for at least
four weeks [26].
2. Patients and methods

2.1. Subjects and study design

This study was conducted in accordance with the Declaration of
Helsinki and approved by the institutional research ethics boards.
Data were collected in patients with LAHNSCC starting CRT/BRT in
Maastricht University Medical Center (MUMCþ) and the University
Medical Center Utrecht (UMCU) between January 1st 2013 and
December 31st 2016. Patients received primary or adjuvant RT
combined with either cisplatin, carboplatin or cetuximab with
curative intent. Exclusion criteria were histology other than squa-
mous cell carcinoma, esophageal tumors, bilateral resection of the
submandibular glands because RT dose on submandibular glands
cannot be calculated here, early termination of RT, TF-dependency
since surgery, patients refusing TF despite significant malnutrition,
and age under 18 years. Part of the UMCU cohort has been
described previously [24]. Figure 1 shows the inclusion flowchart.
2.2. Oncological treatment

Cisplatin was administered intravenously on days 1, 22, and 43,
in doses of 100 mg/m2 [3,30] to patients without significant car-
diovascular or renal disease, neuropathy or hearing impairment. In
case of significant side effects during cisplatin treatment, radio-
sensitizing systemic therapy was either completely ceased or
replaced by carboplatin (dose: area under curve (AUC) 5) for the
remaining cycles. Cetuximab was indicated in patients having a
contraindication for cisplatin. For cetuximab, a loading dose of
400 mg/m2 was administered intravenously one week before RT
initiation, followed by 250 mg/m2 weekly during RT [2].

RT was administered using intensity-modulated RT (IMRT) or
volumetric modulated arc therapy (VMAT) and applied five times
per week for seven weeks, in 35 daily fractions of 2 Gy to a total
dose of 70 Gy. Patients on cetuximab received 30 daily fractions of
2.3 Gy to a total dose of 69 Gy or accelerated fractionated RT twice
daily in the final week of IMRT with a total dose of 68 Gy in 34
fractions. Patients undergoing adjuvant CRT received a total dose of
66 Gy in 33 fractions concurrent with cisplatin.

2.3. Primary endpoint and tube feeding policy

The primary endpoint of this study was the use of TF for at least
four weeks during CRT/BRT or within 30 days after CRT/BRT
completion. The four-week cut off point was based on the Dutch
national dietary guidelines, recommending gastrostomy insertion
as being superior to NGT when TF is required for a period of four
weeks or longer [31,32].

According to the Dutch guideline on malnutrition [33], patients
were initially recommended to use oral nutritional supplements or
TF in addition to oral intake when 50e75% of the calculated
nutritional requirements were met. When oral intake was less than
50% of the calculated nutritional needs, without rapid improve-
ment of oral intake, full TF was indicated, supplemented with any
feasible and safe oral intake [33]. Patients were advised to remain
on oral intake as much as possible in order to maintain swallowing
function.

2.4. Potential predictors

Potential predictors were preselected based on clinical
reasoning and evidence of previous research. We preselected
patient's age [34e38], gender [29,37], tobacco [39], and alcohol use,
body mass index (BMI) [40,41], weight loss [42,43], and texture
modified diet at baseline (as indicator for dysphagia) [29,37,42], in
which baseline is considered right before treatment initiation,
World Health Organization performance status (WHO PS) [44e46],
tumor subsite [35,37,41,47,48], tumor stage
[35e37,40,42,43,47e51], nodal stage [24,36,37,39,41] (TNM-classi-
fication [52]), human papilloma virus (HPV) in situ hybridization
(ISH) or P16 expression (surrogate biomarker of HPV infection) of
the tumor [34], primary or adjuvant setting [41,44,47], type of
radiosensitizing systemic therapy (platinum-based chemotherapy
or immunotherapy) [35,39,42e44,47], bilateral neck irradiation
[24,49,53], mean RT dose on the contralateral submandibular [44]
and parotid gland [43,44].

2.5. Sample size

The inclusion of at least ten events per variable is widely
accepted as the sample size rule of thumb for multivariable logistic
regression analyses [54]. The least frequent outcome, receiving TF
less than four weeks (n ¼ 156), was defined as an event. Thus, a
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Fig. 1. Flowchart of inclusion.
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maximum of fifteen predictors was considered appropriate for
developing a model for the cohort in the present study.
2.6. Data collection

Patient data were extracted from electronic medical records.
Texture modified diet or the use of tube feeding was used as an
indicator for dysphagia. Texture modification includes ground,
minced or liquid. This information was collected from question-
naires (e.g. functional oral intake scale) if available or patient re-
portedmodifications such as eating breadwithout crust ormashing
food.
2.7. Missing data

Only for the variables mean contralateral submandibular and
parotid gland dose, missing data were imputed through stochastic
regression imputation, based on the following covariates: BMI and
weight change at baseline, tumor subsite, tumor stage, nodal stage,
p16 expression/HPV ISH in oropharyngeal tumors, primary or
adjuvant setting, CRT/BRT, neck irradiation and mean RT dose on
the contralateral submandibular and parotid gland. In case of a
midline tumor, the contralateral side was considered the side
receiving the lowest mean RT dose.
2.8. Statistical analysis

Descriptive statistics were reported as mean and standard de-
viation or absolute numbers and percentages. Baseline differences
between those who received TF for at least four weeks and those
who did not were tested using the independent samples t-test and
the chiesquared test. A p-value <0.050 was considered statistically
significant.
All potential predictor variables underwent screening through
univariable logistic regression. Factors with p < 0.300 were selected
as potentially relevant predictor variables and were entered in a
multivariable logistic regression model. We used stepwise back-
ward elimination to omit all predictors from the model that did not
contribute substantially, using a p-value for selection of 0.100. The
resulting prediction model was subsequently internally validated
using bootstrapping techniques. The bootstrap validation yields a
shrinkage factor between 0 and 1. The regression coefficients were
multiplied by this shrinkage factor to penalize the coefficients
which counteracts effects of overfitting. Additionally, the bootstrap
validation provides estimates of model performance corrected for
optimism (i.e., it gives estimates of model performance in future
patients compared to the patients used to develop the model)
[55,56].

Model performance was quantified as the model's ability to
discriminate between those who will and those who will not
develop the need for TF for at least four weeks using the area under
the receiver operating characteristic curve and measures of cali-
bration. Calibration is the agreement between predicted probabil-
ities and observed probabilities and was tested using the Hosmer
and Lemeshow goodness-of-fit test [57]. A significant p-value
would denote significant deviation from good model calibration. In
addition, we visually inspected a calibration plot. All statistical
analyses were performed using IBM SPSS Statistics for Windows,
version 24 (IBM, Armonk, NY) and R version 3.5.1 [58] (R Core Team,
Vienna, Austria).
3. Results

3.1. Patient sample

Data of both MUMCþ and UMCU yielded 502 patients from
which 450 patients met the inclusion criteria. Patient, tumor, and
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treatment-related characteristics are shown in Table 1. Mean RT
dose on contralateral submandibular and parotid gland was
missing in 34% (n ¼ 151) and 1% (n ¼ 6) respectively. These were
statistically imputed as described earlier. In 72% of our total
population (n ¼ 322) a gastrostomy was placed and six percent
(n ¼ 26) received a NGT. In total 69% (n ¼ 311) of all patients used
TF during or within 30 days after completion of treatment with a
median duration of 107 days (Interquartile range (IQR) 129).
Sixty-five percent (n¼ 294) of the patients used TF for four weeks
or longer. The median duration of TF use did not significantly
differ between subsites oral cavity or oropharynx or hypopharynx
on the one hand versus other or remaining subsites on the other
hand: 111 (IQR 143) versus 97 (IQR 96) days respectively
(p ¼ 0.086).

Univariable regression analysis output (Table 2) yielded a p-
value <0.300 for the following factors: age, BMI, weight change,
texture modified diet, WHO PS, tumor subsite, tumor stage, nodal
stage, primary or adjuvant setting, radiosensitizing systemic
therapy, neck irradiation and mean RT dose on the contralateral
submandibular and parotid gland. In multivariable regression
analysis (Table 3), age and adjuvant setting did not yield a p-value
<0.100 and were therefore eliminated from the final model. Tu-
mor stage was not statistically significant in multivariable analysis
but was considered clinically relevant and proven in previous
studies [37,41,47,50] and was therefore nevertheless included in
the model. Figure 2 shows the receiver operating characteristic
(ROC) curve of the crude prediction model. The AUC was 74.8%
(95% CI ¼ 70.1e79.6%), which indicates good discriminative
ability.
3.2. Internal validation

Internal validation of the model yielded a shrinkage factor of
0.87. The last column of Table 3 shows the shrunken regression
coefficients and the model intercept.

Furthermore, internal validation gave a degree of optimism of
2.5%, leading to an AUC corrected for optimism of 72.3%. The cali-
bration plot (Fig. 3) shows a good agreement between predicted
probability of TF for at least four weeks and the observed use of TF.
The Hosmer and Lemeshow goodness-of-fit test presented a p-
value of 0.844.
3.3. Formula of the model

The individual probability for TF for at least four weeks can be
calculated as:

LP(TF � 4 weeks) ¼ 1/(1 þ e�LP), in which LP is the linear sum of
all predictor values multiplied by the regression coefficients, or:

�0.506 �0.042 (BMI) �0.030 (pretreatment weight
change) þ0.452 (modified diet or TF [yes ¼ 1]) þ0.608 (WHO PS
[WHO>0 ¼ 1]) �0.510 (tumor location [oral cavity, oropharynx and
hypopharynx¼ 1])þ0.311 (Tclassification [T2, T3, or T4¼1])þ0.561
(N classification [N2 or N3 ¼ 1]) �0.655 (systemic therapy
[Cetuximab ¼ 1]) þ0.015 (mean RT dose on contralateral subman-
dibular gland [Gy]) þ0.042 (mean RT dose on contralateral parotid
salivary gland [Gy]).

The formula will be available on the following website: www.
predictcancer.ai.

For example, a patient with a cT3N2bM0 oropharyngeal tumor
will receive locoregional RT including bilateral neck irradiation
concurrent with cisplatin. She has a BMI of 19.5 kg/m2, 8% weight
loss at baseline, only eats mashed meals, her WHO PS is 0, and the
mean RT dose on the contralateral submandibular and parotid
gland will be 36 Gy and 29 Gy respectively.

LP ¼ �0.506 e 0.042 * 19.5 e 0.030 * -8 þ 0.452 * 1 þ 0.608 *
0e 0.510 * 1þ0.311 * 1þ0.561 * 1e0.655 * 0þ 0.015 * 36þ 0.042 *
29 ¼ 1.487

P (TF � 4 weeks) ¼ 1/(1þe�1.487) ¼ 0.82. This patient has a
probability of 82% that she will require TF for a period of four weeks
or longer.
3.4. Sensitivity and specificity

When choosing 90% as cut off value, the model yields a sensi-
tivity of 9%, specificity of 98%, positive predictive value of 90%, and
negative predictive value of 64%. In case of 80% as cut off value, the
model yields a sensitivity of 31%, specificity of 93%, positive pre-
dictive value of 85%, and negative predictive value of 56%.
4. Discussion

The purpose of this study was to develop a prediction model to
identify patients who need prophylactic gastrostomy insertion,
defined as the expected use of TF for at least four weeks in
LAHNSCC patients treated with CRT/BRT. To our knowledge, this is
the first study using TF for four weeks or longer as an outcome
measure in a large retrospective cohort (n ¼ 450) of LAHNSCC
patients receiving CRT/BRT. If the model predicts a high chance of
TF for four weeks or longer, prophylactic gastrostomy insertion is
advised and preferred over reactive tube insertion, whereby reac-
tive is defined as tube insertion “as required”. After internal vali-
dation, the model has good accuracy (AUC 72.3%) in discriminating
LAHNSCC patients planned for CRT/BRT who will versus will not
need TF for at least four weeks and thus would benefit from pro-
phylactic gastrostomy insertion. Our final model includes the
following predictors: BMI, weight loss, texture modified diet, WHO
PS, tumor subsite, tumor stage, nodal stage, type of radiosensitizing
systemic therapy and RT dose on the contralateral submandibular
and parotid gland. Previous smaller studies showed largely similar
predictors but failed to construct a solid prediction model: BMI <25
[40,41], >10% baseline weight loss [42], tumor-related symptoms at
diagnosis (e.g. pain and dysphagia) [29,40,42,45,47,59,60], WHO PS
[44,46], tumor located in oropharynx [27,41,44,49], tumor stages
T3-T4 [36,40,42,47�49], nodal stage [24,36,39,41], clinical TNM-
stage IV [39,49,61], bilateral neck irradiation [24,49], age>60 [61],
pack years [39], and surgery prior to CRT/BRT [41,46]. We used
texture modified diet as a surrogate marker for dysphagia. Previous
studies showed that a higher mean RT dose on the submandibular
and parotid glands was associatedwith drymouth and sticky saliva,
respectively, due to reduced salivary output and a change in sali-
vary composition [62,63]. Remaining salivary production will
therefore highly correlate with the RT dose on the spared contra-
lateral salivary glands [64]. To our knowledge, this is the first study
including RT dose on the contralateral salivary glands as a possible
predictor for TF need combined with other patient and tumor
characteristics. Strikingly and unlike other studies, a tumor located
in the oral cavity, oropharynx or hypopharynx did not increase the
risk of TF for at least 4 weeks as compared to the remaining tumor
subsites in the present patient sample [35,37,41,47,48]. This result
might be explained by the chosen cut off point of TF for at least four
weeks. The median duration of TF use did not significantly differ
between the two subgroups (111 versus 97 days, p¼ 0.086), but the
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Table 1
Frequency distribution of patient, tumor, and treatment characteristics of the studied population.

Variables Total oral diet or tube feeding <4 weeks
N ¼ 156 (35%)

Tube feeding >4 weeks
N ¼ 294 (65%)

p-value

Patient characteristics
Mean age 59.7 ± 7.2 58.7 ± 8.0 0.223b

Gender
Male 101 (65) 193 (66)
Female 55 (35) 101 (35) 0.848c

Tobacco use
Yes 138 (89) 256 (87)
No 18 (12) 38 (13) 0.671c

Alcohol consumption one or more per day
Yes 91 (58) 166 (57)
No 65 (42) 128 (44) 0.703c

BMI at baseline (kg/mc) 25.4 ± 4.9 23.8 ± 4.6 0.001b

Weight change at baseline (%) �2.7 ± 6.0 �5.0 ± 7.4 0.001b

Diet at baseline
No modified diet 114 (73) 175 (60)
Texture modified dieta 42 (27) 119 (41) 0.004c

WHO PS
0 51 (32) 58 (20)
1 98 (63) 206 (70)
2 6 (4) 28 (10)
3 1 (1) 2 (1) 0.007c

Tumor characteristics
Tumor subsite
Oral cavity 40 (26) 54 (18)
Nasopharynx/sinus 6 (4) 25 (8)
Oropharynx 58 (37) 125 (43)
Hypopharynx 24 (15) 37 (13)
Larynx 20 (12) 34 (1)
Unknown primary 5 (3) 5 (2)

Synchronous tumors 1 (1) 8 (3)
Neck recurrence 2 (2) 7 (2) 0.151c

Tumor stage (TNM)
Tx 3 (2) 1 (0)
T0 4 (3) 11 (4)
T1 20 (13) 23 (8)
T2 39 (20) 50 (17)
T3 31 (20) 77 (26)
T4 59 (38) 132 (45) 0.033c

Nodal stage (TNM)
N0 40 (26) 48 (16)
N1 23 (15) 30 (10)
N2 87 (56) 205 (70)
N3 6 (4) 11 (4) 0.025c

Tumor stage
Stage II 7 (5) 6 (2)
Stage III 26 (17) 29 (10)
Stage IV 123 (79) 259 (88) 0.030c

P16 expression
P16þ oropharynx 30 (19) 49 (17)
Others 126 (81) 245 (83) 0.496c

Treatment characteristics
Primary treatment 112 (72) 230 (78) 0.128c

Adjuvant 44 (28) 64 (22)
Radiosensitizing systemic therapy
Platinum (carbo-/cis-) 111 (71) 230 (78)
Cetuximab 45 (29) 64 (22) 0.095c

Neck irradiation
Unilateral 24 (15) 21 (7)
Bilateral 116 (74) 259 (88)
No neck RT 16 (10) 14 (5) 0.001

RT dose on contralateral submandibular gland (Gy) 34.7 ± 17.2 42.3 ± 14.4 <0.001b

RT dose on contralateral parotid salivary gland (Gy) 15.8 ± 8.8 20.4 ± 8.4 <0.001b

Tube type
PEG 26 (17) 159 (54)
PRG 20 (13) 114 (39)
PEJ 0 (0) 2 (1)

surgical gastrostomy 0 (0) 1 (0)
NGT 8 (5) 18 (6)
No feeding tube 102 (65) 0 (0) <0.001c

Abbreviations: BMI, body mass index; RT, radiotherapy; WHO PS, World Health Organization Performance Status; TNM-classification, tumor, node, metastasis classification
according to the 7th edition [52]; Gy, Gray; PRG, percutaneous radiologic gastrostomy; PEG, percutaneous endoscopic gastrostomy; PEJ, percutaneous endoscopic jejunos-
tomy; NGT, nasogastric tube. Bold values denote statistical significance at the p<0.050 level.

a Texture modified diet includes ground, minced, liquid, or full tube feeding without oral intake.
b Independent samples t-test.
c Pearson's chi-square test.
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Table 2
Results of univariable logistic regression analysis of potential predictors presented in odds ratios and p values.

OR CI-95% p value

lower upper

Age (years) 0.984 0.959 1.010 0.224
Gender
Female (ref)
Male 0.961 0.640 1.444 0.848

Tobacco use
No (ref)
Yes 0.879 0.483 1.598 0.672

Alcohol consumption one or more per day
No (ref)
Yes 0.926 0.625 1.372 0.703

BMI at baseline (kg/m2) 0.932 0.894 0.971 0.001
Weight change at baseline (%) 0.951 0.921 0.982 0.002
Diet at baseline
No modified diet
Texture modified dieta 1.846 1.208 2.819 0.005

WHO PS
0
>0 1.976 1.272 3.072 0.002

P16 expression
Others (ref)
P16 þ oropharynx 0.840 0.508 1.389 0.497

Tumor subsite
Others (ref)
Oral cavity, oropharynx, and hypopharynx 0.772 0.487 1.222 0.270

T classification (TNM)
T0, T1, Tx vs higher (ref)
T2, T3, T4 1.549 0.898 2.670 0.115

N classification (TNM)
N0, N1 vs higher (ref)
N2, N3 1.876 1.243 2.831 0.003

Treatment setting
Primary
Adjuvant 0.725 0.462 1.139 0.163

Radiosensitizing systemic therapy
Platinum (carbo-/cis-) (ref)
Cetuximab 0.686 0.441 1.069 0.096

Neck irradiation
No neck RT þ unilateral
Bilateral 2.552 1.542 4.223 <0.001

RT dose on contralateral submandibular glands (Gy) 1.032 1.019 1.046 <0.001
RT dose on contralateral parotid salivary glands (Gy) 1.072 1.044 1.102 <0.001

Abbreviations: ref, reference; BMI, body mass index; RT, radiotherapy; WHO PS, World Health Organization Performance Status; TNM-classification, tumor, node, metastasis
classification according to the 7th edition [52]; Gy, Gray. Bold values denote statistical significance at the p<0.050 level.

a Texture modified diet includes ground, minced, liquid, or full tube feeding without oral intake.
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IQR of TF use was larger in the oral cavity, oropharynx, hypophar-
ynx subgroup (143 vs 96 days) and more outliers towards longer TF
durationwere seen in these subsite groups. However, long-term TF-
dependency was not our primary endpoint and total TF duration
could be studied in more detail in future studies.

Limitations of our study include its retrospective design,
although we do not think this greatly affected our outcomes; the
small amount of randomly missing data could be compensated
using statistical imputation. Our cohort was derived from two
different university medical centers, both working according to the
Dutch Head and Neck Cancer Society guideline, minimizing the
possibility of a local therapist effect on group performance or on
treatment outcomes. Thereby, this heterogeneity also enables
generalization of applicability of the prediction model. Potentially,
TF was started earlier in case of early prophylactic insertion,
because there were no additional barriers to initiate TF and a better
patient compliance was expected compared to reactive feeding
tube placement [65]. However, to our experience patients also
frequently report barriers initiating TF when the tube was already
inserted and ready to use.
Because of a lack of high quality randomized studies, it remains
unclear whether prophylactic gastrostomy insertion is superior to
reactive insertion. Considering the effect of gastrostomy insertion
and TF on weight loss, dehydration, treatment interruptions or
change in treatment schedule [24,66], and post treatment health-
related quality of life [67,68], prophylactic gastrostomy insertion
might be preferred above reactive placement inwell selected cases.

Available literature is inconsistent about whether prophylactic
gastrostomy insertion increases the risk of long-term dysphagia
[65,67,69e74]. The risk of long-term dysphagia can be reduced
using a proactive policy of feeding tube removal, guidance by a
speech and language pathologist, and swallowing exercise [75].

The aim of the present prediction model was to support clini-
cians in obtaining best clinical practice protocols to prevent delayed
reactive gastrostomy insertions. Based on the outcome of the pre-
diction model, upfront prediction of TF-dependency can be per-
formed which immediately enables the decision-making on
prophylactic tube insertion in patients at risk for TF for four weeks
or longer. We are currently working on the external validation of
our model, through collaborations with other Dutch head and neck



Table 3
Results of multivariable logistic regression analysis presented in odds ratios and p values. The shrunk regression coefficients represent the regression coefficients after internal
validation yielded a shrinkage factor of 0.87.

Crude OR (CI-95%) p value Crude regression coefficient Shrunk regression coefficients

Model intercept �0.661 �0.506
BMI at baseline (kg/m2) 0.953 (0.910e0.999) 0.045 �0.048 �0.042
Weight change at baseline (%) 0.966 (0.931e1.002) 0.066 �0.035 �0.030
Diet at baseline
No modified diet (ref) 1 0.036 0.520 0.452
Texture modified dieta 1.682 (1.034e2.737)

WHO PS
0 (ref) 1 0.005 0.699 0.608
>0 2.012 (1.235e3.279)

Tumor subsite
Others (ref) 1 0.028 �0.586 �0.510
Oral cavity, oropharynx, and hypopharynx 0.556 (0.329e0.940)

T classification (TNM)
T0, T1, Tx (ref) 1 0.262 0.358 0.311
T2, T3, T4 1.430 (0.766e2.670)

N classification (TNM)
N0, N1 (ref) 1 0.008 0.645 0.561
N2, N3 1.906 (1.186e3.062)

Radiosensitizing systemic therapy
Platinum (carbo-/cis-) (ref) 1 0.004 0.753 �0.655
Cetuximab 0.471 (0.283e0.783)

Mean RT dose on contralateral submandibular gland (Gy) 1.017 (1.001e1.034) 0.037 0.017 0.015
Mean RT dose on contralateral parotid gland (Gy) 1.050 (1.017e1.084) 0.003 0.049 0.042

Abbreviations: ref, reference; OR, Odds ratio; CI, confidence interval; BMI, body mass index; RT, radiotherapy; WHO PS, World Health Organization Performance status; TNM-
classification, tumor, node, metastasis classification according to the 7th edition [52]; Gy, Gray. Bold values denote statistical significance at the p<0.050 level.

a Texture modified diet includes ground, minced, liquid, or full tube feeding without oral intake.

Fig. 2. Receiver operating characteristic curve of the prediction model before internal
validation (AUC 74,8%; 95% CI 70.1e79.6%), indicating the good discriminative perfor-
mance of the model.

Fig. 3. Calibration plot with the actual probability of the use of tube feeding for at least
four weeks by predicted probability. The triangles indicate quantiles of patients with a
similar predicted probability of the use of tube feeding for at least four weeks.
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cancer centers. External validation is required to develop and
widespread implement this model as a generalizable decision aid
for prophylactic feeding tube insertion with consistent cut off
values. By combining our data we will preferably develop one tool
for the identification of LAHNSCC patients treated with CRT/BRT
who need prophylactic gastrostomy placement.

5. Conclusion

We developed and internally validated a prediction model that
is intended to estimate TF-dependency for at least four weeks in
LAHNSCC patients treated with CRT/BRT. This model can be used as
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a tool to support personalized decision making on prophylactic
gastrostomy insertion.
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