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Abstract

Purpose Human papillomavirus (HPV) is now the primary cause of oropharyngeal head and neck cancer (OPC) worldwide;
yet limited research has examined the effect of HPV-positive status (OPC+) on nutrition outcomes. This study aims to
determine the impact of HPV status on nutritional outcomes for adult patients with OPC undergoing any treatment modality.
Methods A systematic literature review was conducted up to and including July 2021 of PubMed, Embase, CENTRAL,
CINAHL, and Web of Science to identify studies conducted in adults (>18 years) with known OPC reporting on any
outcome(s) related to nutrition, according to HPV status (OPC+ versus OPC—). Bias was assessed using QUIPS tool, with
certainty of evidence assessed using GRADE system.

Results Six studies (total n=635) all at moderate-high risk of bias were included. Three studies reported on weight change
(n = 255), three feeding tube dependency (n=380), three feeding tube timing of placement (prophylactic or reactive) and/or
utilisation (n=255), two nutritional (energy and/or protein) intake (n =230), and one nutritional status (n=283). Patients with
OPC+ may experience greater weight loss, may have higher utilisation of reactive feeding tubes (both GRADE low certainty,
downgraded due to serious bias and imprecision), and may have lower feeding tube dependency rates (GRADE low certainty,
downgraded due to serious bias and inconsistency) versus OPC—. It is uncertain whether nutritional intake and nutritional
status differed between populations (GRADE very low certainty, downgraded due to serious bias and very serious imprecision).
Conclusion Further, high-quality research is needed to understand optimal nutritional care practices for patients with
OPC + to achieve positive health outcomes into survivorship.

Keywords Human papillomavirus - Oropharyngeal cancer - Malnutrition - Weight loss - Nutrition - Nutrition support

Introduction

< Anna Edwards
anna.edwards @uq.net.au The negative impact of malnutrition on patients with oro-

pharyngeal squamous cell carcinoma (OPC) [1-3] is now
well established with the causes being multifactorial [4, 5].
Increased rates of treatment interruptions [4, 6], treatment
toxicities [1], need for enteral (tube) feeding [7, 8], long-
term tube feeding dependency [9], reduced quality-of-life
(QoL) [10], treatment tolerance [4], and ultimately survival
[5] are some of the known sequelae of malnutrition devel-
opment, which may worsen with the intensive multimodal
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in patients diagnosed with OPC worldwide, which is now
considered to be at epidemic levels [14, 15].

HPV-positive OPC (OPC+) represents a distinct tumour
entity compared to HPV-negative OPC (OPC-), displaying
unique histopathological, biological, and clinical characteris-
tics [15]. The American Joint Committee on Cancer (AJCC)
eighth-edition Tumour-Node-Metastasis (TNM) classifica-
tion system now distinguishes between these two histopatho-
logical sub-types, and recommends separate staging models
[16]. Patients with OPC+ are often younger, non-smokers,
more likely to be overweight and/or obese, and are less likely
to present with pre-treatment weight loss due to the absence
of tumour-related dysphagia or odynophagia limiting oral
intake [17-19]. Patients with OPC+have a better prognosis
with improved response to treatment and favourable survival
outcomes compared to those with OPC—, despite a trend
for higher grade and more advanced nodal disease [20-22].
Despite the significantly improved prognosis and greater
sensitivity to current high-dose chemoradiation treatment
regimens frequently used to treat OPC+, higher rates of
treatment related toxicities and chronic functional and psy-
chological status impacts affecting QoL into the survivorship
phase have been reported [3, 15, 18, 23]. Recent attempts
to de-escalate the high-dose radiation with cisplatin in an
attempt to reduce treatment burden for this population have
not yet proved successful [24]. Therefore, the risk of nutri-
tional decline and long-term treatment-related morbidity for
patients with OPC+remains high.

The rising prevalence of OPC+is expected to continue
[15]. Limited nutritional research has been conducted specific
to this population, despite evidence to suggest higher rates of
weight loss and the associated negative impacts on morbidity
and mortality [3, 18]. Adapting and optimising current nutrition
intervention protocols and strategies for head and neck cancer
(HNC) to this unique subset of patients is imperative, given the
impacts of anti-HPV vaccination programs currently approved
to prevent HPV-related cervical, vaginal, and vulvar cancers
on OPC+ prevalence will not be known for decades [25]. To
our knowledge, this is the first systematic literature review con-
ducted of studies that aims to determine the effect of current
treatment regimens (any modality) on nutrition outcomes for
patients with OPC+ compared to patients with OPC—.

Methods

This systematic literature review was undertaken and
reported in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA)
guidelines [26] and was registered prospectively on the 13
March 2021 on the PROSPERO International Register of
Systematic Reviews (Registration no: CRD42021248974)
database.

@ Springer

Eligibility criteria

The eligibility criteria for studies to be included in this
review were formed based on a Population, Intervention,
Comparison, and Outcomes (PICO) statement (Supplemen-
tary Table 1). All study types with the exception of review
articles or conference abstracts were eligible for inclusion
if they were published in the English language and (a)
included adult patients (> 18 years of age) undergoing any
treatment modality for OPC (inclusive of cancers of the
base of tongue, soft palate, tonsils and walls of the phar-
ynx), (b) reported HPV status and included patients with
OPC+ disease compared to patients with OPC— in analysis,
and (c) reported outcome(s) associated with nutritional sta-
tus and/or nutritional care of these patients. Only full text
peer-reviewed journal articles were included. Studies that
reported only survival outcomes or treatment-related out-
comes (i.e., toxicities, interruptions, QoL) were excluded
as these have been reported on elsewhere [27-30]. Stud-
ies that contained a mixed HPV-positive HNC population
(regardless of whether they included patients with OPC+)
or compared patients with OPC+ to a mixed HNC popu-
lation were also excluded, as research demonstrates HPV
presence in other HNC populations does not result in the
same improved prognosis and treatment response [31, 32].

Search strategy

A systematic review of the literature was conducted in the elec-
tronic databases PubMed, CINAHL, Embase, CENTRAL, and
Web of Science. The search strategy was developed by primary
author AE in consultation with a medical librarian. The exam-
ple search strategy for PubMed can be seen in Supplementary
Table 2. Keywords and MeSH search terms related to OPC,
HPYV, and nutrition were used, with no limitations placed on
study type, date of publication, sample size, patient gender, or
publication location. Treatment modalities were not specified
to allow for all studies reporting nutrition-related outcomes
for patients with OPC+-to be considered. The search was con-
ducted by the primary author AE, and included articles pub-
lished up to and including July 2021. After duplicates were
removed, titles and abstracts of the identified relevant articles
were screened by AE with reference to the exclusion criteria,
with those articles flagged as potentially eligible then screened
again by a second author JB. Full text versions of articles
screened as eligible were then reviewed by all authors inde-
pendently, with any disagreement in article eligibility resolved
through group discussion to reach an overall consensus to
determine final article selection. Reference lists of all included
articles were then hand searched, in addition to the searching of
the University of Queensland library database, to confirm that
all relevant publications of interest were included.
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Data extraction

Data extraction was performed by the primary author AE fol-
lowed by an evaluation of data extraction correctness indepen-
dently undertaken by author JB. Data extracted included study
design, year of study design, study population characteristics
and number, diagnosis, treatment modality, HPV definition
and prevalence, malnutrition prevalence and/or incidence,
weight change, feeding tube time of placement, and/or utilisa-
tion and/or dependency, along with feeding tube dependency
definitions, and nutritional intake. Any confounders present
in the articles were also extracted. Respective article authors
were contacted if required to obtain missing details.

Quality assessment and certainty of evidence

Study quality was appraised using the Quality In Prognosis
Studies (QUIPS) tool [33]. Individual studies were evaluated
with reference to six bias domains: study participation, attri-
tion, prognostic factor and outcome measurement, confound-
ing, statistical analysis, and reporting. Each bias domain con-
sisted of three to nine sub-domains. Each study was assessed
against these to determine an overall rating of ‘low’, ‘moder-
ate’, or ‘high’ risk of bias. Inter-rater reliability was assured by
the authors AE, TB, and JB independently assigning a quality
rating to each study, with any discrepancies in study qual-
ity resolved through group consensus. The online Cochrane
Review software Robvis was used to design risk-of-bias plots
[34]. Evidence certainty for the body of evidence was deter-
mined using the Grading of Recommendations, Assessment,
Development and Evaluation (GRADE) system and corre-
sponding website GRADEPro [35].

Data analysis and synthesis

Due to the heterogeneity present amongst the identified stud-
ies, a meta-analysis could not be performed. Studies have
been categorised by their study design, nutrition outcome
investigated, definition of nutrition outcome investigated,
treatment modalities used, and confounders present. The
level of evidence was assessed for each outcome of interest
and presented in a narrative summary.

Results
Study selection and literature review

A total of 4220 studies were identified during the search, with
a final six publications [19, 23, 36—40] (total pooled OPC
n=0635; pooled OPC+ n = 485) meeting full inclusion criteria
(Fig. 1) with results summarised in Table 1. All were observa-
tional retrospective cohort studies [19, 23, 36, 38-40]. Three were

conducted in the USA [23, 36, 39], one in Canada [38], and two
in Australia [19, 40]. Only one study from Australia [19] reported
mean BMI of participants at baseline (n=83; OPC+29.7 kg/m?
(SD+6.2) versus OPC—24.5 kg/m* (SD+5.3) (p<0.01)). All
studies were conducted in OPC+ populations undergoing sur-
gery and/or chemotherapy and/or radiation [19]. Three studies
reported feeding tube (gastrostomy and/or nasogastric) depend-
ency [36, 38, 39], three weight change [19, 23, 40], three feeding
tube timing of placement (prophylactic or reactive) and/or utilisa-
tion [19, 23, 40], two nutritional (energy and/or protein) intake
[19, 39], and one nutritional status (i.e., malnutrition prevalence
and/or incidence) [19].

Quality of evidence and certainty of evidence
appraisal

The QUIPS tool revealed risk of bias was moderate-high
for all six studies (Fig. 2a). A ‘high’ risk of bias was due to
confounding (three studies), statistical analysis and reporting
(two studies) and attrition, prognostic factor measurement,
and outcome measurement (one study each respectively).
All studies identified demonstrated a moderate-high risk of
bias for confounding (Fig. 2b). GRADE certainty of evi-
dence was low for increased rates of weight loss during- and
post-treatment, for higher use of reactive feeding tubes (both
downgraded due to serious bias and imprecision), and for
decreased tube dependency rates (downgraded due to seri-
ous bias and inconsistency) when comparing patients with
OPC + versus OPC —. It is uncertain whether nutritional
intake and nutritional status differed between populations
(very low GRADE certainty of evidence, downgraded due
to serious bias and very serious imprecision).

Weight change

Three retrospective cohort studies (pooled n=255)[19, 23, 40]
explored the impact of HPV status on weight change either dur-
ing treatment (all three studies [19, 23, 40]) and/or at 3-months
post RT treatment (two studies [19, 23]). Higher rates of weight
loss were seen both at end of treatment and at 3-months post-
treatment for patients with OPC+compared to patients with
OPC — (GRADE certainty of evidence low, downgraded due
to serious bias and imprecision). Harrowfield et al. [19] (total
n=283; OPC+n=70 versus OPC—rn=13) demonstrated patients
with OPC+had significantly higher odds of experiencing > 10%
loss of weight at 3-months post-RT compared to patients with
OPC—-(OR=49.68, 95% CI, 2.7-912.86) p<0.01) despite end
of treatment weight loss being less (7.1 SD+4.5 versus 8.5
SD+5.4 respectively). Patients with OPC+also demonstrated a
clinically important greater decline in the total amount of weight
lost overall during treatment (—5.7% versus — 1.4%, p=0.15)
when measured at 3-months post-RT. Vangelov et al. [40] (total
n=100; OPC+n=68, OPC—n=10, HPV unknown n=22)
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) Studies included in n = 29 reported mixed HPV+
qualitative synthesis population
( ) (n=06) n = 27 reported patient
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n = 26 reported no outcomes of
§ v interest in analysis
El . . n =9 did not differentiate
o Studies included in . :
= L. . between patients with OPC+
— quantitative synthesis . .
_ and OPC- in analysis
(n=16)
—
Key:

HPV = human papillomavirus
OPC = oropharyngeal squamous cell carcinoma

OPC+ = human papillomavirus-positive oropharyngeal squamous cell carcinoma
OPC- = human papillomavirus-negative oropharyngeal squamous cell carcinoma

Fig. 1 PRIMSA diagram. Key: HPV human papillomavirus, OPC oropharyngeal squamous cell carcinoma, OPC +human papillomavirus-posi-
tive oropharyngeal squamous cell carcinoma, OPC —human papillomavirus-negative oropharyngeal squamous cell carcinoma

demonstrated patients with OPC+undergoing RT +CT expe-
rienced significantly higher rates of weight loss at the end
of RT compared to patients with OPC—and HPV unknown
status (8.4% versus 6.1%, 95% CI, 0.8-3.9, p=0.003).
Critical weight loss (defined as >5% loss in 1 month)
was observed for 93% of patients with OPC+ compared to

@ Springer

60% in patients with OPC—and 77% in patients with HPV
unknown status (p=0.011). All but one OPC+ patient lost
weight during treatment, with the range of weight loss being
0-17% [40]. When comparing patients based on HPV sta-
tus using conditional probability modelling (74% accu-
racy) concurrent chemoradiotherapy and OPC+ status were
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independent predictors of critical weight loss on univariate
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with OPC+ were more likely to require reactive nasogastric
feeding in relation to poor oral intake after treatment initia-
tion compared to patients with OPC—disease (n=21 (30%)
versus n=13 (23%) respectively); however, this did not reach
statistical significance (OR 0.75, 95%CI, 0.22-0.26, p=0.65).
Vangelov et al. [40] demonstrated more patients with
OPC+required a feeding tube (n=43/68, 63%) compared to
OPC-and HPV unknown status (n=18/32, 56%). Of the 43

@ Springer

patients with OPC+ who received a feeding tube, 27 (63%)
had the tube placed reactively and 16 (24%) prophylactically.
All patients with OPC+ with a reactive feeding tube and 94%
of patients with a prophylactic feeding tube experienced
critical weight loss (defined as +5% weight loss). Patients
with OPC+ with prophylactic feeding tubes had significantly
higher mean percentage weight loss compared to patients with
OPC—or HPV unknown status with a prophylactic feeding
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tube (8.6% versus 3.9%, 95% CI, 1.7-7.6, p=0.003). When
comparing prophylactic to reactive feeding tubes, there was no
significant difference in the meantime for feeding tube utilisa-
tion for patients with OPC+ (71 versus 83 days, p=0.093).
Vatca et al. [23] demonstrated patients with OPC+ displayed
a clinically important longer duration of gastrostomy use
during treatment (48.3 days) versus patients with OPC— dis-
ease (mean days 165.4 +163.4 versus 117.1+98.2; p=0.39).

Nutritional (energy and/or protein) intake

Two retrospective cohort studies [19, 39] reported nutrition
intake of patients during active treatment (pooled n=230).
Overall, these studies suggest no difference in nutritional
intake with patients with OPC+being more likely to resume a
normal diet post-treatment compared to patients with OPC—.
GRADE certainty of evidence was very low, downgraded due
to serious bias and very serious imprecision. Harrowfield et al.
[19] assessed dietary adequacy using the dietary intake com-
ponent of the validated Patient-Generated Subjective Global
Assessment (PG-SGA) tool [41], and found no significant
differences in self-reported dietary adequacy based on HPV
status. Naik et al. [39] reported that at 2-year post-chemoradi-
otherapy, patients with OPC+ experienced a lower incidence
of limited diet (8.6% versus 33.3%, p=0.014) versus patients
with OPC—. Patients with OPC+ had more frequently resumed
anormal diet (87% versus 65%) and had lower rates of limited
diet (9% versus 18%) at last follow-up (median 55 months)
versus patients with OPC— disease (p =0.02), thereby sug-
gested patients with OPC+have more favourable swallowing
outcomes. However, more patients with OPC— were treated
with 5FU and/or twice-daily RT, which may have contributed
to increased treatment toxicities in this cohort.

Nutritional status

One retrospective cohort study (pooled n=383) [19] assessed
nutritional status change (i.e., malnutrition development) in
patients with OPC based on HPV status. The authors utilised
the validated PG-SGA tool to assess both malnutrition pres-
ence (PG-SGA category B/C change) and malnutrition sever-
ity (PG-SGA score change (mean + SD)). This study found
no significant differences between patients with OPC+ and
OPC- for PG-SGA category (i.e., malnutrition presence;
p=0.30) or score change (i.e., malnutrition severity; p=0.44)
at any time point. GRADE certainty of evidence was very
low, downgraded due to serious bias and very serious impre-
cision. At 3-months post-treatment, there was no difference
for patients with OPC+ assessed as having PG-SGA category
B/C (moderate-severe) malnutrition (n=30; 43%) versus
OPC— (n=35; 38%; p=0.30). Although two other studies [23,
40] were identified stating they reported on nutritional status

change, both studies used weight change as a surrogate for
nutritional status and were therefore not included.

Discussion

Despite the rising epidemic of patients diagnosed with
OPC+, this is the first systematic review to our knowledge
that has examined nutrition outcomes specific to patients with
OPC+undergoing any treatment modality when compared
solely to patients with OPC—. Key findings demonstrate patients
with OPC+status may experience greater weight loss during
and post treatment, have higher utilisation of reactive feeding
tubes, and may have lower feeding tube dependency rates com-
pared to patients with OPC—. It is uncertain whether nutritional
intake and nutritional status differed between populations. This
review highlights the limited research currently available inves-
tigating nutrition outcomes for the changing landscape of OPC,
and suggests patients with OPC+may have greater acute (i.e.,
more weight loss and requirement for reactive feeding tube
placement) but lower chronic nutrition needs (i.e., lower feed-
ing tube dependency) than those with OPC—disease.

The higher rates of critical weight loss reported for patients
with OPC+ versus OPC— disease is concerning, consider-
ing the markedly improved prognosis and potential chronic
impacts on QoL [42]. The causes are likely multifactorial,
expected to include the same challenges as previously well
established for the OPC— population [43, 44]. However, given
the distinct clinical and pathological differences, additional
unique barriers specific to this population may be present [3,
19, 40]. Acute toxicities experienced by patients with OPC+
during treatment may have contributed to the increased rates
of weight loss reported [28]. Vatca et al. [23] supports this
theory, attributing the higher rates of weight loss seen for
patients with OPC +to increased patient-reported burden from
mucositis, despite the significantly higher tumour staging for
OPC-—patients at baseline. The impact of a higher perceived
intensity of radiation-induced pain [45], potentially due to the
lower smoking rates seen for OPC+ versus OPC— [46], and
higher levels of fatigue [47] reported for the OPC+ popula-
tion may also increase this risk of critical weight loss fur-
ther. Given patients with OPC+often report higher QoL and
minimal symptoms at diagnosis, they may perceive a larger
decrease in their QoL when the impacts of acute toxicities
become apparent, increasing patients distress, compared to
those with OPC—disease already experiencing tumour bur-
den at diagnosis [18, 19, 48]. It has been demonstrated that
as the acuity of treatment side effects worsen, impacting on
nutritional intake, weight loss for many becomes uncontrolled,
worsening patient-reported distress [49]. Although no psy-
chological interventions specific to the OPC+ population are
known to have been conducted, a recent study which included
distress screening and referral [50, 51] with a high proportion
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of patients with OPC (mixed OPC+and OPC—; 56%) demon-
strated improved adherence to nutritional recommendations,
nutritional outcomes, and QoL. Further research considering
multi-disciplinary (MDT) interventions is required given these
promising results [50, 51].

Tube (enteral) feeding is a commonly utilised nutri-
tion intervention in patients with HNC to attenuate nutri-
tional decline, regardless of HPV status [7, 8, 40]. A recent
review of five studies (n=298) that included heterogenous
patients with HNC undergoing radiotherapy + chemo-
therapy demonstrated patients who received a prophylac-
tic tube/feeding were less likely to experience short-term
weight loss and improved short-term QoL versus those
with reactive placements/feeding [52]. Regardless, the
optimal timing of insertion (prophylactic versus reactive)
and time to commencement of tube feeds in clinical prac-
tice for the heterogenous HNC population remains highly
variable and controversial [19, 44]. Studies of patients
with OPC+in this review had a higher rate of reactive
tube placement [19, 23, 40] compared to patients with
OPC-—[23]. This suggests a higher proportion of patients
with OPC + are unable to maintain adequate nutritional
requirements orally during treatment. The reasons for this
are likely multifactorial, heightened by the different demo-
graphic and clinical presentations of OPC+ populations.
This may decrease patient and clinician concern regarding
weight loss and reduce nutritional guideline adherence, in
particular prophylactic insertion recommendations [3, 19].
Patient-reported barriers to nutrition care and tube feed-
ing have been reported in the literature and can include
uncontrolled nutrition impact symptoms, psychosocial and
economic barriers, and environmental factors [19, 43, 49,
50, 53]. A lack of patient knowledge regarding the impor-
tance of optimising nutritional status may also be present,
as it is known many report weight loss to be a beneficial
side-effect of treatment [53, 54]. This knowledge gap may
be being exacerbated by MDT perceptions, given as a
recent study demonstrated patients with HNC consistently
reported receiving conflicting information from the MDT
regarding weight loss and tube feeding, contradicting best
evidence [54]. This could contribute to confusion and
ultimately impede informed decision-making by patients,
exacerbating nutritional decline [54]. Ensuring that the
educational needs of patients with OPC+ is addressed, par-
ticularly prior to treatment commencement, may improve
adherence and subsequent nutrition outcomes for patients
with OPC+ overall [43, 53, 54].

Clinician awareness and knowledge regarding nutrition
and tube feeding for patients with OPC+ should therefore
be recognised as a key part for improving patient outcomes.
Clinicians may be reluctant to insert prophylactic feeding
tubes in OPC+ patients who are younger, more overweight
and/or obese, and display higher motivation to continue with
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oral intake for as long as possible compared to OPC— popu-
lations [3, 19, 40]. Harrowfield et al. [19] demonstrated that
although 87% of patients with OPC+ had + 5% weight loss
during treatment, only 64% had a feeding tube inserted.
Similarly, Vangelov et al. [40] showed 94% of patients
with OPC+ had > 5% weight loss, although only 64% had a
feeding tube inserted. Despite 12 patients with OPC+ pre-
senting with > 5% weight loss at diagnosis, only four had a
prophylactic tube inserted as per their institutional practice
[40]. The studies suggest that the number of patients with
OPC+ who likely required and would have benefited from
earlier tube feeding was high, and a prophylactic approach
may still be a relevant and appropriate mode of nutrition
intervention. This is consistent with Brown et al. who found
heterogenous patients with HPV-positive HNC (oral and
oropharyngeal) had 4.4 times greater odds of requiring a
proactive gastrostomy than those with HPV-negative dis-
ease [8]. The evolution of primary transoral robotic surgery
(TORS) for select low-risk patients, inclusive of OPC+,
will likely play a role in influencing feeding tube require-
ment and use for this population [55]. Recent studies using
this treatment modality in heterogenous HNC populations
have demonstrated improved weight maintenance with
minimal tube feeding requirement rates [55-57]. How-
ever, a recent meta-analysis conducted solely in patients
with OPC+failed to show statistically significant differ-
ence between surgery (inclusive of TORS) with adjuvant
therapy compared to chemoradiotherapy with cisplatin at
12 (p=0.37) or 24 to 36 months (p =0.06) [58]. Relatedly,
Dziegielewski et al. [37] found OPC+ status was not a prog-
nosticative factor for feeding tube dependency post-TORS
(OPC+OR 0.8 (95% CI, 0.2-2.6%, p=0.68)). The reduced
long-term feeding tube dependency rates seen for patients
with OPC+despite prophylactic placement also requires
further investigation, as it could be hypothesised that an
improved recovery capacity post-RT is seen for patients
with OPC+ compared to those with OPC— disease [48],
since less concomitant risk factors (such as smoking and/
or alcohol use) are often seen which may increase clinician
confidence for supporting tube feeding interventions [14].
Future research should therefore consider predictive factors,
treatment modality, and optimal timing of tube placement
for the OPC+ population, particularly as rates of long-term
feeding tube dependency were low.

Patients with OPC+ may be more likely to be well-nourished
and in the overweight/obese BMI categories at diagnosis com-
pared to patients who are OPC— ; however, this does not appear
to negate nutritional decline [13, 19, 40]. Sarcopenia, defined
as a loss of muscle function and strength [59], is a current
key focus of oncological research, as sarcopenia development
during treatment is recognised as an independent predictor of
reduced survival [60-62]. Pre-treatment sarcopenia prevalence
in patients with OPC+ has been shown to range from 20 to
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55.6% despite a higher presenting BMI [63-66]. The pres-
ence of concurrent sarcopenia in patients who are overweight/
obese is an often overlooked, condition, despite higher rates
of mortality and treatment-related complications [60, 67, 68].
As body surface area calculations used to scale chemotherapy
dosing do not discern for variations in body composition[69],
the potential increased exposure to chemotherapeutic dosages
may be a contributing factor for increased toxicities for those
with sarcopenic obesity [60, 67]. The higher BMI at diagnosis
often seen for patients with OPC+may therefore be masking an
underlying sarcopenia [3, 18, 19]. Future research is warranted
to both assess and fully elucidate the prognostic significance
sarcopenic obesity has for the OPC+ population.

Strengths of this review include the strict eligibility criteria
of only including peer-reviewed studies that compared solely
patients with OPC+to patients with OPC—, the rigorous appli-
cation of bias assessment, and use of GRADE. The clinical diver-
sity present between the identified studies (Table 1) with regard
to variability in study populations (i.e., stage [II-IVb OPC versus
all TNM stages; use of p16 as a surrogate marker for HPV status),
treatment regimens and/or agents used (i.e., RT (3D-conformal
versus Intensity-Modulated Radiation Therapy)+CT (fluoroura-
cil with cisplatin or high-dose cisplatin + cetuximab) +surgical
intervention), and different nutrition outcomes reported and their
measurement (i.e., definition and measurement of feeding tube
dependency) was high. These factors coupled with the retrospec-
tive nature of the studies identified, decreased overall certainty,
and limited the ability to perform a more robust meta-analysis.
Additionally, the long recruitment periods reported by some of
the studies may have led to mixed AJCC classification systems
being used for diagnosis and staging [16].

Conclusion

This review demonstrates that weight loss and requirement
for reactive tube feeding is high and gastrostomy dependency
low for the rising prevalence of younger patients diagnosed
with OPC+. Despite the significantly improved prognosis, as
there are no nutrition guidelines specific to this unique subset
of patients to help guide clinical care, the risks of suboptimal
health and patient-centred outcomes and negative impacts on
long-term QoL remains high. Further high-quality research
is needed to understand nutritional care practices for patients
with OPC+, to allow this population to achieve optimal posi-
tive health outcomes carried into survivorship.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00520-022-07056-9.

Author contribution Anna Edwards: conceptualisation, methodology,
validation, formal analysis, investigation, resources, data curation,
writing — original draft, writing — review and editing, visualisation.
Teresa Brown: conceptualisation, methodology, validation, writing

— review and editing, supervision. Brett Hughes: conceptualisation,
methodology, writing — review and editing, supervision. Judy Bauer:
conceptualisation, methodology, validation, writing — review and edit-
ing, supervision.

Funding Open Access funding enabled and organized by CAUL and
its Member Institutions

Data availability As this is a systematic literature review, the authors
declare no control of the primary data presented.

Code availability Not applicable.

Declarations

Ethics approval Not applicable.
Consent to participate Not applicable.

Consent for publication Not applicable.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visithttp://creativecommons.org/licenses/by/4.0/.

References

1. Citak E, Tulek Z, Uzel O (2019) Nutritional status in patients
with head and neck cancer undergoing radiotherapy: a longitudi-
nal study. Support Care Cancer 27:239-247

2. Levendag PC, Teguh DN, Voet P, van der Est H, Noever I, de
Kruijf WIM, Kolkman-Deurloo I-K, Prevost J-B, Poll J, Schmitz
PIM, Heijmen BJ (2007) Dysphagia disorders in patients with
cancer of the oropharynx are significantly affected by the radia-
tion therapy dose to the superior and middle constrictor muscle:
a dose-effect relationship. Radiother Oncol 85:64-73

3. Anderson NJ, Jackson JE, Wada M, Schneider M, Poulsen M,
Rolfo M, Fahandej M, Gan H, Khoo V (2019) The changing land-
scape of head and neck cancer radiotherapy patients: is high-risk,
prolonged feeding tube use indicative of on-treatment weight loss?
J Med Radiat Sci 66:250-258

4. Capuano G, Grosso A, Gentile PC, Battista M, Bianciardi F, Di
Palma A, Pavese I, Satta F, Tosti M, Palladino A, Coiro G, Di
Palma M (2008) Influence of weight loss on outcomes in patients
with head and neck cancer undergoing concomitant chemoradio-
therapy. Head Neck 30:503-508

5. Langius JAE, Bakker S, Rietveld DHF, Kruizenga HM, Langendijk
JA, Weijs PIM, Leemans CR (2013) Critical weight loss is a
major prognostic indicator for disease-specific survival in patients

@ Springer


https://doi.org/10.1007/s00520-022-07056-9
http://creativecommons.org/licenses/by/4.0/

7202

Supportive Care in Cancer (2022) 30:7191-7204

10

11.

12

13

14.

15

16.

17.

18.

19

20.

21.

with head and neck cancer receiving radiotherapy. Br J Cancer
109:1093-1099

O’Connor P (2013) The impact of missed fractions in head and
neck radiotherapy and how they can be minimised. Radiography
19:343-346

Langius JA, Zandbergen MC, Eerenstein SE, van Tulder MW,
Leemans CR, Kramer MH, Weijs PJ (2013) Effect of nutritional
interventions on nutritional status, quality of life and mortality
in patients with head and neck cancer receiving (chemo)radio-
therapy: a systematic review. Clin Nutr 32:671-678

Brown TE, Getliffe V, Banks MD, Hughes BG, Lin CY, Kenny
LM, Bauer JD (2016) Validation of an updated evidence-based
protocol for proactive gastrostomy tube insertion in patients with
head and neck cancer. Eur J Clin Nutr 70:574-581

Nugent B, Lewis S, O’Sullivan JM (2013) Enteral feeding meth-
ods for nutritional management in patients with head and neck
cancers being treated with radiotherapy and/or chemotherapy.
Cochrane Database Syst Rev 2013: Cd007904

Langius JA, van Dijk AM, Doornaert P, Kruizenga HM, Lan-
gendijk JA, Leemans CR, Weijs PJ, Verdonck-de Leeuw IM
(2013) More than 10% weight loss in head and neck cancer
patients during radiotherapy is independently associated with
deterioration in quality of life. Nutr Cancer 65:76-83

(2008) Evidence based practice guidelines for the nutritional
management of patients receiving radiation therapy. Nutrition &
Dietetics 65: 1-20

Langius JAE, van Dijk AM, Doornaert P, Kruizenga HM, Lan-
gendijk JA, Leemans CR, Weijs PIM, Verdonck-de Leeuw IM
(2013) More than 10% weight loss in head and neck cancer
patients during radiotherapy is independently associated with
deterioration in quality of life. Nutr Cancer 65:76-83

Vangelov B, Venchiarutti RL, Smee RI (2017) Critical weight
loss in patients with oropharynx cancer during radiotherapy (+
chemotherapy). Nutr Cancer 69:1211-1218

Marur S, D’Souza G, Westra WH, Forastiere AA (2010) HPV-
associated head and neck cancer: a virus-related cancer epidemic.
Lancet Oncol 11:781-789

Vokes EE, Agrawal N, Seiwert TY (2015) HPV-Associated Head
and Neck Cancer. J Natl Cancer Inst 107:djv344

Yamashita Y, Ikegami T, Hirakawa H, Uehara T, Deng Z, Agena
S, Uezato J, Kondo S, Kiyuna A, Maeda H, Suzuki M, Ganaha A
(2019) Staging and prognosis of oropharyngeal carcinoma accord-
ing to the 8th Edition of the American Joint Committee on Can-
cer Staging Manual in human papillomavirus infection European
Archives of Oto-Rhino-Laryngology 276: 827-836

Mcllwain WR, Sood AJ, Nguyen SA, Day TA (2014) Initial symp-
toms in patients with HPV-positive and HPV-negative oropharyn-
geal cancer JAMA. Otolaryngol Head Neck Surg 140:441-447
Brown TE (2019) Patients with HPV-associated oropharyn-
geal head and neck cancer have higher rates of weight loss and
increased supportive needs. ] Med Radiat Sci 66:226-228
Harrowfield J, Isenring E, Kiss N, Laing E, Lipson-Smith R,
Britton B (2021) The Impact of Human Papillomavirus (HPV)
Associated oropharyngeal squamous cell carcinoma (OPSCC) on
nutritional outcomes. Nutrients 13:514

Fakhry C, Westra WH, Li S, Cmelak A, Ridge JA, Pinto H,
Forastiere A, Gillison ML (2008) Improved survival of patients
with human papillomavirus-positive head and neck squamous
cell carcinoma in a prospective clinical trial. J Natl Cancer Inst
100:261-269

Bigelow EO, Seiwert TY, Fakhry C (2020) Deintensification of
treatment for human papillomavirus-related oropharyngeal cancer:
current state and future directions. Oral Oncology 105:104652

@ Springer

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34

35.

Hong A, Lee CS, Jones D, Veillard A-S, Zhang M, Zhang X,
Smee R, Corry J, Porceddu S, Milross C, Elliott M, Clark J,
Rose B (2016) Rising prevalence of human papillomavirus—
related oropharyngeal cancer in Australia over the last 2 dec-
ades. Head Neck 38:743-750

Vatca M, Lucas JT Jr, Laudadio J, D’Agostino RB, Waltonen JD,
Sullivan CA, Rouchard-Plasser R, Matsangou M, Browne JD,
Greven KM, Porosnicu M (2014) Retrospective analysis of the
impact of HPV status and smoking on mucositis in patients with
oropharyngeal squamous cell carcinoma treated with concurrent
chemotherapy and radiotherapy. Oral Oncol 50:869-876

Patel RR, Ludmir EB, Augustyn A, Zaorsky NG, Lehrer EJ, Ryali R,
Trifiletti DM, Adeberg S, Amini A, Verma V (2020) De-intensifica-
tion of therapy in human papillomavirus associated oropharyngeal
cancer: a systematic review of prospective trials. Oral Oncol 103
D’Souza G, Dempsey A (2011) The role of HPV in head
and neck cancer and review of the HPV vaccine. Prev Med
53:55-S11

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche PC,
Ioannidis JPA, Clarke M, Devereaux PJ, Kleijnen J, Moher D
(2009) The PRISMA statement for reporting systematic reviews
and meta-analyses of studies that evaluate healthcare interven-
tions: explanation and elaboration. BMJ 339:b2700

Ranta P, Kinnunen I, Jouhi L, Vahlberg T, Back LJJ, Halme E,
Koivunen P, Autio T, Pukkila M, Irjala H (2020) Long-term
quality of life after treatment of oropharyngeal squamous cell
carcinoma The Laryngoscope n/a

Becker-Schiebe M, Sperling M, Pinkert U, Hoffmann W (2015)
Impact of p16 alterations and pretreatment anemia on toxicity
in head and neck cancer patients undergoing definitive radio-
chemotherapy. Oncol Res Treat 38:570-576

Masterson L, Moualed D, Liu ZW, Howard JE, Dwivedi RC,
Tysome JR, Benson R, Sterling JC, Sudhoft H, Jani P, Goon
PK (2014) De-escalation treatment protocols for human papil-
lomavirus-associated oropharyngeal squamous cell carcinoma:
a systematic review and meta-analysis of current clinical trials.
Eur J Cancer 50:2636-2648

O’Rorke MA, Ellison MV, Murray LJ, Moran M, James J,
Anderson LA (2012) Human papillomavirus related head and
neck cancer survival: a systematic review and meta-analysis.
Oral Oncol 48:1191-1201

Mehanna H, Beech T, Nicholson T, El-Hariry I, McConkey C,
Paleri V, Roberts S (2013) Prevalence of human papillomavirus
in oropharyngeal and nonoropharyngeal head and neck can-
cer—systematic review and meta-analysis of trends by time and
region. Head Neck 35:747-755

Sahovaler A, Kim MH, Mendez A, Palma D, Fung K, Yoo J,
Nichols AC, MacNeil SD (2020) Survival outcomes in human
papillomavirus—associated nonoropharyngeal squamous cell
carcinomas a systematic review and meta-analysis. JAMA
146:1158-1166

Hayden JA, van der Windt DA, Cartwright JL, C6té P, Bombardier
C (2013) Assessing bias in studies of prognostic factors. Ann
Intern Med 158:280-286

McGuinness LA, Higgins JPT (2021) Risk-of-bias VISualization
(robvis): An R package and Shiny web app for visualizing risk-
of-bias assessments. Res Synth Methods 12:55-61

Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, Nor-
ris S, Falck-Ytter Y, Glasziou P, DeBeer H, Jaeschke R, Rind D,
Meerpohl J, Dahm P, Schiinemann HJ (2011) GRADE guidelines:
1. Introduction-GRADE evidence profiles and summary of find-
ings tables. J Clin Epidemiol 64:383-394



Supportive Care in Cancer (2022) 30:7191-7204

7203

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Bledsoe TJ, Noble AR, Hunter GK, Rybicki LA, Hoschar A, Chute
DJ, Saxton JP, Greskovich JF, Adelstein DJ, Koyfman SA (2013)
Oropharyngeal squamous cell carcinoma with known human papil-
lomavirus status treated with definitive chemoradiotherapy: patterns
of failure and toxicity outcomes. Radiat Oncol 8:174
Dziegielewski PT, Teknos TN, Durmus K, Old M, Agrawal A,
Kakarala K, Marcinow A, Ozer E (2013) Transoral robotic surgery
for oropharyngeal cancer: long-term quality of life and functional
outcomes JAMA. Otolaryngol Head Neck Surg 139:1099-1108
Marzouki HZ, Biron VL, Dziegielewski PT, Ma A, Vaz J, Con-
stantinescu G, Harris J, O’Connell D, Seikaly H (2018) The
impact of human papillomavirus (HPV) status on functional
outcomes and quality of life (QOL) after surgical treatment of
oropharyngeal carcinoma with free-flap reconstruction. Journal
of Otolaryngology - Head & Neck Surgery 47: 58

Naik M, Ward MC, Bledsoe TJ, Kumar AM, Rybicki LA, Saxton
JP, Burkey BB, Greskovich JF, Adelstein DJ, Koyfman SA (2015)
It is not just IMRT: human papillomavirus related oropharynx
squamous cell carcinoma is associated with better swallowing out-
comes after definitive chemoradiotherapy. Oral Oncol 51:800-804
Vangelov B, Kotevski DP, Williams JR, Smee RI (2018) The
impact of HPV status on weight loss and feeding tube use in oro-
pharyngeal carcinoma. Oral Oncol 79:33-39

Bauer J, Capra S, Ferguson M (2002) Use of the scored patient-
generated subjective global assessment (PG-SGA) as a nutri-
tion assessment tool in patients with cancer. Eur J Clin Nutr
56:779-185

Ang KK, Harris J, Wheeler R, Weber R, Rosenthal DI, Nguyen-
Tan PF, Westra WH, Chung CH, Jordan RC, Lu C, Kim H, Axel-
rod R, Silverman CC, Redmond KP, Gillison ML (2010) Human
papillomavirus and survival of patients with oropharyngeal can-
cer. N Engl J Med 363:24-35

Brown T, Banks M, Hughes BGM, Lin C, Kenny L, Bauer J
(2017) Tube feeding during treatment for head and neck cancer —
adherence and patient reported barriers. Oral Oncol 72:140-149
Brown TE, Banks MD, Hughes BGM, Lin CY, Kenny LM, Bauer
JD (2017) Randomised controlled trial of early prophylactic feed-
ing vs standard care in patients with head and neck cancer. Br J
Cancer 117:15-24

Alfieri S, Ripamonti CI, Marceglia S, Orlandi E, Iacovelli NA,
Granata R, Cavallo A, Pozzi P, Boffi R, Bergamini C, Imbimbo
M, Pala L, Resteghini C, Mirabile A, Locati LD, Licitra L, Bossi P
(2016) Temporal course and predictive factors of analgesic opioid
requirement for chemoradiation-induced oral mucositis in oro-
pharyngeal cancer. Head Neck 38:E1521-E1527

Logan HL, Fillingim RB, Bartoshuk LM, Sandow P, Tomar SL,
Werning JW, Mendenhall WM (2010) Smoking status and pain
level among head and neck cancer patients. J Pain 11:528-534
Xiao C, Beitler JJ, Higgins KA, Glazer T, Huynh LK, Paul S,
Felger JC, Wommack EC, Saba NF, Shin DM, Bruner DW, Miller
AH (2018) Associations among human papillomavirus, inflamma-
tion, and fatigue in patients with head and neck cancer. Cancer
124:3163-3170

Korsten LHA, Jansen F, Lissenberg-Witte BI, Vergeer M, Braken-
hoff RH, Leemans CR, Verdonck-de Leeuw IM (2021) The course
of health-related quality of life from diagnosis to two years follow-
up in patients with oropharyngeal cancer: does HPV status matter?
Support Care Cancer 29:4473-4483

Hiatt J, Young A, Brown T, Banks M, Bauer J (2021) Patient and
carer experience of nutrition care throughout and beyond treat-
ment for head and neck cancer: a qualitative longitudinal study
Britton B, Baker AL, Wolfenden L, Wratten C, Bauer J, Beck AK,
McCarter K, Harrowfield J, Isenring E, Tang C, Oldmeadow C,

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Carter G (2019) Eating as treatment (EAT): a stepped-wedge, ran-
domized controlled trial of a health behavior change intervention
provided by dietitians to improve nutrition in patients with head
and neck cancer undergoing radiation therapy (TROG 12.03). Int
J Radiat Oncol Biol Phys 103:353-362

McCarter K, Baker AL, Britton B, Beck AK, Carter G, Bauer J,
Wratten C, Halpin SA, Holliday E, Oldmeadow C, Wolfenden
L (2018) Effectiveness of clinical practice change strategies in
improving dietitian care for head and neck cancer patients accord-
ing to evidence-based clinical guidelines: a stepped-wedge, ran-
domized controlled trial. Transl Behav Med 8:166-174

Mellors K, Ye X, Van Den Brande J, Wai Ray Mak T, Brown T,
Findlay M, Bauer J (2021) Comparison of prophylactic percuta-
neous endoscopic gastrostomy with reactive enteral nutrition in
patients with head and neck cancer undergoing radiotherapy or
chemoradiotherapy: a systematic review Clinical Nutrition ESPEN
Hiatt JS, Brown TE, Banks M, Lewis CA, Bauer J (2020) Patient
and carer experience of nutrition care throughout treatment for
head and neck cancer: a systematic qualitative review and the-
matic synthesis. Support Care Cancer 28:5633-5647

Findlay M, Rankin NM, Bauer J, Collett G, Shaw T, White K (2020)
“Completely and utterly flummoxed and out of my depth”: patient
and caregiver experiences during and after treatment for head and
neck cancer-a qualitative evaluation of barriers and facilitators to
best-practice nutrition care. Support Care Cancer 28:5771-5780
Anakapu K, Wilson M, Findlay M, Brown T, Bauer J (2021)
Nutritional outcomes in patients undergoing transoral robotic sur-
gery for head and neck cancers compared to conventional open
surgery. A systematic review Head Neck

Al-Khudari S, Bendix S, Lindholm J, Simmerman E, Hall F, Gha-
nem T (2013) Gastrostomy tube use after transoral robotic surgery
for oropharyngeal cancer. ISRN Otolaryngol 2013: 190364
Heah H, Goepfert RP, Hutcheson KA, Garden AS, Gunn GB,
Fuller CD, Lewin JS, Kupferman ME, Holsinger FC, Hessel AC,
Gross ND (2018) Decreased gastrostomy tube incidence and
weight loss after transoral robotic surgery for low- to interme-
diate-risk oropharyngeal squamous cell carcinoma. Head Neck
40:2507-2513

Quan DL, Sukari A, Nagasaka M, Kim H, Cramer JD (2021)
Gastrostomy tube dependence and patient-reported quality of life
outcomes based on type of treatment for human papillomavirus-
associated oropharyngeal cancer: systematic review and meta-
analysis. Head Neck 43:3681-3696

Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyere O, Ceder-
holm T, Cooper C, Landi F, Rolland Y, Sayer AA, Schneider SM,
Sieber CC, Topinkova E, Vandewoude M, Visser M, Zamboni M,
Writing Group for the European Working Group on Sarcopenia
in Older People 2 , EWGSOP2 tEGf (2018) Sarcopenia: revised
European consensus on definition and diagnosis. Age and Ageing
48:16-31

Martin L, Gioulbasanis I, Senesse P, Baracos VE (2020) Cancer-
associated malnutrition and CT-defined sarcopenia and myostea-
tosis are endemic in overweight and obese patients. JPEN J Par-
enter Enteral Nutr 44:227-238

Ryan AM, Prado CM, Sullivan ES, Power DG, Daly LE (2019)
Effects of weight loss and sarcopenia on response to chemother-
apy, quality of life, and survival. Nutrition 67:110539

Findlay M, White K, Stapleton N, Bauer J (2021) Is sarcopenia
a predictor of prognosis for patients undergoing radiotherapy for
head and neck cancer? A meta-analysis. Clin Nutr 40:1711-1718
Chargi N, Bril SI, Swartz JE, Wegner I, Willems SW, de Bree
R (2020) Skeletal muscle mass is an imaging biomarker for

@ Springer



7204

Supportive Care in Cancer (2022) 30:7191-7204

64.

65.

66.

decreased survival in patients with oropharyngeal squamous cell
carcinoma. Oral Oncology, 101

Ganju RG, Morse R, Hoover A, TenNapel M, Lominska CE
(2019) The impact of sarcopenia on tolerance of radiation and
outcome in patients with head and neck cancer receiving chemo-
radiation. Radiother Oncol 137:117-124

Tamaki A, Manzoor NF, Babajanian E, Ascha M, Rezaee R,
Zender CA (2019) Clinical significance of sarcopenia among
patients with advanced oropharyngeal cancer. Otolaryngol Head
Neck Surg 160:480—487

van Rijn-Dekker MI, van den Bosch L, van den Hoek JGM, Bijl
HP, van Aken ESM, van der Hoorn A, Oosting SF, Halmos GB,
Witjes MJH, van der Laan HP, Langendijk JA, Steenbakkers R
(2020) Impact of sarcopenia on survival and late toxicity in head
and neck cancer patients treated with radiotherapy. Radiother
Oncol 147:103-110

@ Springer

67.

68.

69.

Baracos VE, Arribas L (2018) Sarcopenic obesity: hidden muscle
wasting and its impact for survival and complications of cancer
therapy Annals of Oncology 29: iil-ii9

Fattouh M, Chang GY, Ow TJ, Shifteh K, Rosenblatt G, Patel
VM, Smith RV, Prystowsky MB, Schlecht NF (2019) Association
between pretreatment obesity, sarcopenia, and survival in patients
with head and neck cancer. Head Neck 41:707-714

Du Bois D, Du Bois EF (1989) A formula to estimate the approxi-
mate surface area if height and weight be known. 1916 Nutrition
5:303-311; discussion 312-303

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	The changing face of head and neck cancer: are patients with human papillomavirus-positive disease at greater nutritional risk? A systematic review
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Eligibility criteria
	Search strategy
	Data extraction
	Quality assessment and certainty of evidence
	Data analysis and synthesis

	Results
	Study selection and literature review
	Quality of evidence and certainty of evidence appraisal
	Weight change
	Feeding tube dependency
	Feeding tube timing of placement (prophylactic or reactive) andor utilisation
	Nutritional (energy andor protein) intake
	Nutritional status

	Discussion
	Conclusion
	References


