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Abstract
Oral nutritional supplements are widely recommended to head-and-neck cancer patients undergoing anti-cancer treatment; however, their
effects on the outcomes of most importance to patients are unclear. This study aimed to systematically review the evidence of effect of oral
nutritional supplements on mortality, treatment tolerance, quality of life, functional status, body weight and adverse effects. We searched
PubMed, Embase, CENTRAL, LILACS, Web of Science, CINAHL, two trial registry platforms, three sources of grey literature and reference lists
of included studies. We assessed the risk of bias using the revised Cochrane risk-of-bias tool (RoB 2), and certainty of evidence using the GRADE
(Grading of Recommendations Assessment, Development and Evaluation) approach. We used random-effects models with Hartung–Knapp
correction for themeta-analyses.We included fifteen trials, of which fivewere ongoing or unpublished, providing evidence in four comparisons.
We found very low to low certainty evidence for the effect of oral nutritional supplements on mortality, treatment tolerance, quality of life,
functional status and adverse effects. When compared with nutritional counselling alone, nutritional counselling plus oral nutritional supple-
ments probably increased body weight slightly. We also found adverse events relating to supplements use such as nausea, vomiting and feeling
of fullness. Possible increases in mortality, treatment tolerance and quality of life besides a possible decrease in functional status are worthy of
further investigation. Future research could attempt to address the clinical importance of a probable increase in body weight. Possible adverse
effects of the use of oral nutritional supplements should not be overlooked.
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Head-and-neck cancer comprises tumours in the paranasal
sinuses, salivary glands, nasal cavity, oral cavity, pharynx and
larynx. In 2018, over 800 000 new cases and over 400 000
head-and-neck cancer deaths were estimated worldwide(1).
Treatment of this condition may include surgery, radiotherapy
and chemotherapy, which may be associated with side-effects
that could influence nutritional intake. Moreover, other factors
may further contribute to unintentional weight loss and malnu-
trition, including cancer cachexia, anorexia, increase in

nutritional needs, psychological factors, besides a mechanical
obstruction caused by tumour location(2). Malnutrition and
weight loss in head-and-neck cancer patients undergoing treat-
ment is associated with worse prognosis, decreased treatment
tolerance and deterioration in the quality of life(3–6).

Nutritional counselling is already established as first-line
nutritional intervention in cancer patients(7,8), which includes
advice on how to manage symptoms and to improve nutritional
intake. Oral nutritional supplements may also be used to deliver

Abbreviations: GRADE, Grading of Recommendations Assessment, Development and Evaluation; RR, risk ratio.
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mainly energy and protein to patients who face difficulties in
reaching their nutritional needs only by eating an enriched diet.
Previous research has indeed shown that oral supplements
might increase nutritional intake(9); however, there is still uncer-
tainty as to whether this intervention affects patient-important
outcomes such as mortality, treatment tolerance and quality of
life. The UK National Multidisciplinary Guidelines provide a
comprehensive guidance on the nutritional management of
head-and-neck cancer patients(10) and reaffirm the importance
of considering quality of life and treatment tolerance among
the aims of nutritional interventions. However, during its devel-
opment, only limited evidence was available to inform their rec-
ommendations on oral nutritional interventions.

Previous literature reviews took varied approaches to inves-
tigate nutritional interventions in this patient group. In a system-
atic review published in 2013(11), the authors examined the
impact of several nutritional interventions on nutritional status,
quality of life and mortality. Assessing the relevant randomised
controlled trials revealed inconsistent or lack of evidence for the
effect of oral nutritional supplements, preventing the authors
from conducting a meta-analysis. Moreover, the author of a nar-
rative review published in 2015(12) relied on both randomised
and non-randomised designs to study the impact of several nutri-
tional interventions, including nutritional counselling and oral
nutritional supplements, on treatment-related toxicities, survival
and on the prevention and treatment of malnutrition. Even
though promising results were found in the primary literature,
no systematic approach to assessing bias or the overall certainty
of evidence was employed, precluding any firm conclusions.
Nevertheless, this work validly signalised the limited availability
of data on treatment tolerance outcomes, favouring the planning
of future trials.

In light of these findings, this study provides an opportunity to
advance our understanding of the effects of oral nutritional sup-
plements and to address the gaps and limitations in the current
body of evidence. Therefore, this study aims to systematically
review the evidence of the effects of oral nutritional supplements
in head-and-neck cancer patients receiving radiotherapy or che-
moradiotherapy on their mortality, treatment tolerance and qual-
ity of life, besides additional outcomes such as functional status,
body weight and adverse effects relating to the intervention.

Materials and methods

This review followed the guidance provided in the sixth
revision of the Cochrane Handbook for Systematic Reviews of
Interventions(13). We adhered to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) reporting
guidelines(14).

Protocol and registration

This systematic review is registered in PROSPERO (CRD420
18118972).

Eligibility criteria

We included randomised controlled trials on head-and-neck
cancer patients aged >18 years, receiving any type of

chemotherapy, radiotherapy or concurrent chemoradiotherapy,
regardless of surgery status. We considered studies on oral nutri-
tional supplements, defined as calorie-protein-rich enteral food
supplements used to manage disease-related malnutrition. Oral
nutritional supplements containing nutrients such as n-3 fatty
acids, arginine, glutamine and micronutrients were also consid-
ered eligible. The oral nutritional supplement intervention could
additionally contain any form of dietary prescription, counselling,
general advice or usual care. Studies on alternative routes of
enteral nutrition (e.g. tube feeding, gastrostomy feeding) and par-
enteral nutrition were not included. Comparator groups that were
not assigned to receive oral nutritional supplements were eligible
for inclusion. There were no restrictions on language, publication
time or status. Even though we have predefined outcomes of
interest, all studies fulfilling the population, intervention and com-
parator eligibility criteria were considered eligible.

Outcomes of interest

Outcomes of interest were mortality, tolerance to treatment
(suspension of treatment, interruption of treatment, dose reduc-
tion, non-haematological toxicities), quality of life, functional
status, body weight and adverse effects relating to the supple-
ments. We defined the timing of outcome assessment to be at
the end of anti-cancer treatment, and at the longest follow-up
after the end of treatment for mortality and long-term non-
haematological toxicities.

Search methods for the identification of studies

We searched the following databases from inception until 27
July 2019: MEDLINE via PubMed (1946 onwards); Cochrane
Central Register of Controlled Trials (CENTRAL; 2019, issue 7)
and Cochrane Database of Systematic Reviews (CDSR) in the
Cochrane Library; Embase (1974 onwards); CINAHL EBSCO
(Cumulative Index to Nursing and Allied Health Literature;
1980 onwards); ISI Web of Science: Core Collection (1945
onwards); and LILACS via Virtual Health Library (VHL) (Latin
American and Caribbean Health Science Information database;
1982 onwards). We also searched the following trial registers
on 27 July 2019: ClinicalTrials.gov, www.clinicaltrials.gov/; and
the International Clinical Trials Registry Platform (ICTRP), www.
who.int/ictrp/en/. Attempts of searching the grey literature
included the following sources: OpenGrey, www.opengrey.eu/;
Google Scholar, www.scholar.google.com/ (the first 200 results);
and ProQUEST Dissertations & Theses Global (1637 onwards).
Other resources included reviewing reference lists of all included
studies, and attempts to contact the authors of relevant studies to
clarify published information and to seek unpublished results.

One author (A. T. M.) of this review developed the search
strategies, which were peer-reviewed by two information spe-
cialists from the university library at the Federal University of
Santa Catarina, Brazil. We included broad concepts relating to
or describing the population and the intervention to maximise
sensitivity, alongside database-specific filters for controlled trials
of interventions where appropriate and if available and which
had been previously tested. The search strategies contained both
controlled vocabulary terms (e.g. MeSH, Emtree) and free-text
terms considering spelling variants, synonyms, acronyms and
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the use of truncation and proximity operators. We applied no
language or time limits. All strategies used are provided in online
Supplementary Table S1.

Selection of studies

One author (A. T. M.) of this review imported all references iden-
tified by the search process into the software (Mendeley) and
removed duplicates. Two authors (A. T. M. and J. P.) independ-
ently used the online software Rayyan(15) to screen the titles and
abstracts of all retrieved references, and to identify potentially
eligible records. We obtained the full text of agreed references
and collated multiple reports of the same study. We assessed eli-
gibility through a standardised form created in Google Forms,
and resolved disagreements through consensus or by involving
a third author (E. B. S. M. T.).

Data collection

At least two authors (A. T. M., L. P. d. L., D. S. B. and P. V. K.)
extracted data from each included study independently and in
duplicate. We used a pre-piloted electronic data extraction form
created in Google Forms. We collected data relating to the
methods (design, unit of allocation and analysis, recruitment
method and period, handling of missing data, statistical meth-
ods, random sequence generation, allocation concealment,
blinding), participants (setting, region and country, inclusion
and exclusion criteria, baseline characteristics of interest),
interventions (description, number randomised to each group,
duration of intervention and follow-up, co-interventions, integ-
rity of delivery, compliance assessment and result), outcomes
(domain, measurement tool, direction of effect for scales, tim-
ing of measurements, outcome assessor, metric used, method
of aggregation), results (number of participants included in
the analysis, number of participants who withdrew, were lost
to follow-up or were excluded and reasons, summary data,
between-group estimates when available, other results) and
other general data (funding sources, declaration of interest
and notes on any other information judged to be of impor-
tance). We extracted data that were only available in Chinese
using Google Translate.

Assessment of risk of bias

Two review authors (A. T. M. and D. S. B.) assessed the risk of
bias in included studies independently and in duplicate using
the revised Cochrane risk-of-bias tool for randomised trials
(RoB 2)(16). The domains of the tool include bias arising from ran-
domisation, bias due to deviation from intended interventions,
bias due tomissing outcome data, bias in outcomemeasurement
and bias in the selection of reported results. In accordance with
the tool guidance, we performed assessments for each result of
each time-point of each outcome. We piloted the tool on two
results of two studies to improve the reliability of assessments.
We resolved disagreements through consensus or by involving
a third author (E. B. S. M. T.). Two authors (A. T. M. and P. V. K.)
performed and tabulated the assessment of risk of bias due to
missing results and of conflicts of interest using previously
extracted information from included studies.

Assessment of the certainty of evidence

Two authors (A. T. M. and D. S. B.) assessed the certainty of
evidence independently and in duplicate in accordance with
the GRADE (Grading of Recommendations Assessment,
Development and Evaluation) approach(17). For each compari-
son, we judged the evidence for each outcome from the sum-
mary of findings as ‘high’, ‘moderate’, ‘low’ and ‘very low’,
reflecting our assessment of the following domains: risk of bias,
inconsistency, indirectness, imprecision and publication bias.
This classification was incorporated in the presentation and
interpretation of review findings. We used GRADEpro(18) to gen-
erate a summary of findings.

Synthesis of results

One author (A. T. M.) summarised the characteristics of included
studies based on previously extracted data and itemised the
characteristics of interventions in a standardisedway across stud-
ies. In order to identify possible comparisons and to group stud-
ies within each comparison, we prepared a matrix including the
main PICO (Population, Intervention, Comparison, and
Outcome) elements of interest. At this stage, we determined
what data were available for synthesis and whether statistical
synthesis or structured reporting of the effects was appropriate.
Structured reporting included the calculation of effect estimates
for all outcomes using a common metric to aid in the interpreta-
tion and presentation of a forest plot or in a tabular format. For
the interpretation of results, we considered the direction of
effect, size of effect and the certainty of evidence.

Statistical analysis

We performed statistical analysis when the studies contributing
to each synthesis were similar in terms of their PICO elements
and the data available were sufficient. We restricted the analysis
to the results of studies at a low risk of bias or at some concerns of
bias, when possible, and performed a sensitivity analysis includ-
ing all available results. For the meta-analysis, we combined the
risk ratios (RR) for dichotomous data and mean differences for
continuous data using random-effects models, because we
assumed that the intervention effects were not expected to be
truly identical. We used the Hartung–Knapp correction in all
analyses. We assessed statistical heterogeneity using I2 and χ2

statistical tests. To interpret I2, we considered the following
definitions: 0–40 % might not be important; 30–60 % may
represent moderate heterogeneity; 50–90 %may represent sub-
stantial heterogeneity; and 75–100 % represents considerable
heterogeneity(19). In the review protocol, we planned a sub-
group analysis to explore possible explanations for substantial
and considerable heterogeneity. When this was not feasible
(e.g. very few studies in the analysis), we did not perform a
meta-analysis but conducted a structured reporting of the
effects. To interpret the χ2 test, P ≤ 0·05 indicated evidence
of heterogeneity. When data were not presented in a way
appropriate for inclusion in ameta-analysis, we performed con-
versions (e.g. from CI to standard deviation) in accordance with
recommended methods(20). We inputted means and standard
deviations from medians, ranges and/or interquartile ranges,
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where applicable, for the results of quality of life in one trial(21),
and for the results of bodyweight in one trial(22), as proposed by
Wan et al.(23) We approximated mean and standard error from
figures for the results of body weight in one trial, using
WebPlotDigitizer(24). For all the analyses, we used R(25) and
the package meta(26). A report of full analysis is included as
Supporting Information, presenting all forest plots, risk-of-bias
assessments for each analysis, besides the full analysis code.
We considered P < 0·05 as indicating statistical significance.

Differences between protocol and review

Changes that occurred during the review process are reported in
the order of increasing transparency. We did not use Scopus as,
although we planned to use it in an attempt to compensate for
Embase, the latter eventually became available to us. Google
Scholar was additionally searched to improve our search of grey
literature. We removed the exclusion criteria ‘no dietary inter-
vention’ for comparator groups, as it conflictedwith the inclusion
criteria ‘ad libitum diet without oral nutritional supplements’.
The outcomes of interest do not fully correspond to our protocol,
since we redefined them a posteriori to better suit our goal of
emphasising patient-important outcomes, and to keep the
review in a manageable size. We resolved this by discussion,
considering evidence about head-and-neck cancer patients’
preferences(27) and our clinical experience. All steps were also
planned to be performed by three review authors, but this
was not possible because one of the authors left the project.

Results

Literature search

The search retrieved thirty references for fifteen eligible
trials(21,22,28–54), of which five(35,36,38–40) were study registries of
ongoing or unpublished studies (online Supplementary Table
S2). The remaining ten studies randomised a total of 695 partic-
ipants, contributing to four comparisons:

(1) Comparison one: nutritional counselling plus oral nutri-
tional supplements v. nutritional counselling alone (five
studies(21,22,28,32,41), 399 participants);

(2) Comparison two: nutritional counselling plus oral nutri-
tional supplements v. ad libitum diet (two studies(29,33),
115 participants);

(3) Comparison three: oral nutritional supplements v. ad
libitum diet (three studies(30,31,34), 156 participants); and

(4) Comparison four: oral nutritional supplements v. nutritional
counselling (one study(30), fifty participants).

One study(30) contributed to more than one comparison. We
were unable to obtain the full text of two potentially eligible
references(55,56) and to assess the eligibility of two studies
reported in conference abstracts(57,58) and five clinical trial
registries(35,36,38–40) due to insufficiently reported information,
so these citations are awaiting classification. We attempted to
contact the study authors but have not received any response.
The search process is represented in Fig. 1.

Included studies

The characteristics of included studies are presented in Table 1.
All studies included patients with head-and-neck cancer, but
some of them focused on specific tumour sites, namely nasopha-
ryngeal cancer(21,33) and oral cancer(34). One study(31) presented
a more heterogeneous population comprising cancers of head
and neck, chest and mediastinum, and abdomen and pelvis,
although it did not contribute to outcome data. Participants’
mean or median age ranged from 46·7 to 70·8 years (median
55·2 years). In all studies, most participants were male.

The characteristics of oral nutritional supplements studied are
presented in Table 2. They varied in terms of format, dosage,
energy and protein content, besides overall composition. The
nutritional counselling component of the interventions was
described in many different ways, and seemed to vary in inten-
sity and content, from general dietary advice to intensive nutri-
tional counselling. Moreover, it was not sufficiently described in
most studies. The characteristics of nutritional counselling are
presented in online Supplementary Table S3.

Of the outcomes considered in this review, body weight was
most commonly reported in seven studies(21,22,28,32-34,41). By
contrast, in comparisons two and three, only one study(33,34)

reported this outcome, and in comparison four, none did. The
assessment of treatment tolerance varied across studies, includ-
ing outcomes such as complete suspension of treatment, inter-
ruption of treatment, dose reduction, besides many treatment-
related toxicities. One study(31) in comparison three presented
data on Hb, total leucocytes, neutrophils, lymphocytes and
platelet counts (haematological toxicities), which are not consid-
ered in this review. The assessment of overall completeness of
the evidence regarding the outcomes of interest of this review
is presented in online Supplementary Table S3.

Risk of bias in included studies

A large proportion of the assessed results were at a high risk of
bias overall (Fig. 2). Detailed explanations for each judgement
and responses to each signalling question are available in online
Supplementary Table S4. In comparison one, we judged only
seven results to be at low risk of bias overall: body weight
(at both time-points), functional status (at both time-points), tem-
porary interruption of radiotherapy for ≥5 d, radiotherapy dose
reduction and chemotherapy dose reduction. In comparisons
two, three and four, the body of evidence consisted only of
results at a high risk of bias overall. Results were most often at
a high risk of bias in the measurement of outcomes, and this
was related to the subjectivity of the assessments of quality of life
and non-haematological toxicities in the context of an unblinded
trial of a nutritional intervention that may be expected to confer
some benefit. In addition,most results were at concerns of bias in
the selection of reported results, because a study protocol was
often unavailable or lacked important information.

Risk of bias at the synthesis level

Regarding bias due to missing results, we found one result for
body weight in comparison two that was not available because
it was statistically non-significant. We could not rule out that
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most results were unavailable because of the nature of the find-
ings, as it was unclear whether they were assessed (online
Supplementary Table S5). Not all study authors responded to
our attempts of get clarified this information, and some study
authors could not be reached, namely those of studies reported
before 1992. Regarding conflicts of interest, our assessments
were made more challenging by the absence of declarations
of interest in many of the included studies. One study(32) was
judged to be at notable concern about the conflict of interest.
Even though sponsors only contributed the provision of oral
nutritional supplements, the main authors had noteworthy rela-
tionships with companies interested in such products (online
Supplementary Table S6).

Summary of findings

Summary of findings for comparisons one, two, three and
four are presented in Tables 3, 4, 5 and 6 following GRADE
guidelines.

Effect of interventions on mortality

Four studies reported data on mortality in comparison one,
but one study(21) contributed no events. In the remaining

comparisons, one study in each comparison reported data on
this outcome. Considering only the study with results attracting
concerns of risk of bias(32), we found less certain evidence that
nutritional counselling plus oral nutritional supplements com-
pared with nutritional counselling alone may result in a large
increase in mortality (RR 1·73, 95 % CI 0·43, 7·00; one study,
159 participants). Sensitivity analysis involving results at a
high risk of bias overall had little effect on the point estimate,
and produced an even more imprecise estimate of the effect
(RR 1·77, 95 % CI 0·11, 29·48, I2 = 7 %; three studies, 249 par-
ticipants). The inclusion of results at a high risk of bias may
have also warranted a downgrade in the certainty of evidence.
In the remaining comparisons, we cannot tell from the results
whether any of the interventions compared with any of the
comparator groups had an important effect on mortality (very
low certainty evidence). Fig. 3 presents the main results for this
outcome.

Effect of interventions on treatment tolerance

In comparison one, four studies(21,22,32,41) reported outcomes
relating to anti-cancer treatment tolerance. We found low cer-
tainty evidence that nutritional counselling plus oral nutritional

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram. Representation of information flow in the systematic review.
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Table 1. Characteristics of included studies*

Study ID Country Sample size Cancer site Anti-cancer treatment Setting Duration of follow-up (weeks) Outcomes of interest

Comparison one
Arnold et al. (1989)(28) USA 50 Head-and-neck cancer RT Outpatient 24 Body weight, mortality
Cereda et al. (2018)(32) Italy 159 Head-and-neck cancer RT or CCRT (38·4%) Outpatient 20 Body weight, mortality,

quality of life, treatment
tolerance, handgrip
strength, adverse effects

Chitapanarux et al. (2016)(22) Thailand 40 Head-and-neck cancer CCRT Inpatient and outpatient 7 Body weight, quality of life,
treatment tolerance,
adverse effects

Jiang et al. (2019)(21) China 100 Nasopharyngeal cancer CCRT Unclear 12 Body weight, treatment
tolerance, adverse effects

Nayel et al. (1992)(41) Egypt 23 Head-and-neck cancer RT Unclear 6 Body weight, treatment
tolerance

Comparison two
Calaguas et al. (2010)(31) Philippines 56 Head-and-neck cancer

(43%), chest and
mediastinum (39%),
abdomen and pelvis
(18%)

RT Inpatient and outpatient Unclear None

Ding et al. (2018)(33) China 64 Head-and-neck cancer CCRT Unclear 12 Body weight, quality of life
Moriarty et al. (1981)(29) Ireland 97 Head-and-neck cancer

(35%), breast and lung
(37%), bladder, cervix
and bowel (28%)

RT Inpatient and outpatient 25 Body weight, mortality

Comparison three
Harada et al. (2019)(34) Japan 50 Oral cancer RT or CCRT (78%) Inpatient 6–7 Body weight, treatment

tolerance
Ravasco et al. (2005)(30) Portugal 50 Head-and-neck cancer RT Outpatient Median (range), 3·8 years

(2·0–6·3)
Mortality, quality of life,

treatment tolerance
Comparison four
Ravasco et al. (2005)(30) Portugal 50 Head-and-neck cancer RT Outpatient Median (range),

3·8 years (2·0–6·3)
Mortality, quality of life,

treatment tolerance

RT, radiotherapy; CCRT, concurrent chemoradiotherapy.
* Information collated from multiple reports of included studies, including full-text articles, conference abstracts and personal communication with study authors.
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Table 2. Characteristics of oral nutritional supplements in the included studies*

Study ID (reference) Description Delivery Dosage
Energy
density†

Total energy
delivered† Total protein delivered Other nutrients Duration

Comparison one
Arnold et al.

(1989)(28)
Sustacal™ Liquid NR NR 960 or 1080 kcal/d NR NR During treatment

Cereda et al.
(2018)(32)

Resource® Support Plus;
Nestlé Health Science

Liquid, ready-to-use 2 bottles per d (250ml
per bottle)

1·0 kcal/ml 500 kcal/d 23 g/d 1·9 g/d n-3 fatty acids During treatmentþ 3months
after

Chitapanarux et al.
(2016)(22)

NR Powder Prepared in 2 glasses
per d (250ml per
glass)

1·0 kcal/ml 500 kcal/d 30·75 g/d 14·25 g/d lipids
(52% MCT,
29% maize oil,
19% fish oil);
6·15 g/d arginine;
3·07 g/d glutamine

During treatment

Jiang et al. (2019)(21) Niufutai; EnterNutr,
Guangdong, China

Powder 100 g/d 4·02 kcal/g 402 kcal/d 18 g/d 10 g/d lipids;
54 g/d
carbohydrates

During treatment

Nayel et al.
(1992)(41)

High-protein nutritional
powder (Ensure, Abbott
Laboratories)

Powder NR NR 1500–2000 kcal/d 154:1 (NPC:N) NR 10–15 d after receiving a dose
of 32–34 Gy up to 46–50 Gy
(for malnourished patients,
extra 10–15 d before the
start, and for patients
treated with radical
radiotherapy, an additional
course)

Comparison two
Ding et al. (2018)(33) Composite Strengthening

Nutrition Protein Powder II;
Methuselah Medical
Technology (Shanghai) Co.
Ltd

Powder 1 bag each time,
3 bags per d (first
2 weeks) to 6 bags
per d (until end)

4·0 kcal/g 300 kcal/d (first
2 weeks) to
600 kcal/d
(until end)

35·25 g/d (first
2 weeks) to 70·5 g/d
(until end)

Vitamins, minerals and
120 mg taurine/
100 g

During treatment

Moriarty et al.
(1981)(29)

Sustagen (Mead Johnson)
and/or Complan

NR NR NR NR NR NR During treatment

Comparison three
Calaguas et al.

(2010)(31)
Fresenius Kabi; micronutrient-

fortified beverage
Liquid, ready-to-use 2 drinks per d (200ml

per drink)
1·5 kcal/ml 600 kcal/d 40 g/d 6·4 g/d MCT; 2 g/d

EPA; vitamins A, C,
E, β-carotene; Zn,
Se; 6 g/d fibre

During treatment

Harada et al.
(2019)(34)

Elemental formulation;
Elental®; EA Pharma Co.
Ltd

Powder 80 g prepared in
300 ml/d

1·0 kcal/ml 300 kcal/d 14 g/d 1932 mg L-glutamine
per d

During treatment

Ravasco et al.
(2005)(30)

Polymeric formulation Liquid, ready-to-use 2 cans per d
(200ml per can)

1·0 kcal/ml 400 kcal/d 40 g/d NR During treatmentþ 7 d before
start

Comparison four
Ravasco et al.

(2005)(30)
Polymeric formulation Liquid, ready-to-use 2 cans per d

(200ml per can)
1·0 kcal/ml 400 kcal/d 40 g/d NR During treatmentþ 7 d before

start

NR, not reported; MCT, medium-chain TAG; NPC:N, non-protein calorie-to-nitrogen ratio.
* Information collated from multiple reports of included studies, including full-text articles, conference abstracts and personal communication with study authors.
† To convert kcal to kJ, multiply by 4·184.
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supplements compared with nutritional counselling alone may
result in a large reduction in complete suspension of radio-
therapy (RR 0·35, 95 % CI 0·04, 3·26; one study, 159 participants),
a reduction in complete suspension of chemotherapy (RR 0·79,
95 % CI 0·00, 1403·55, I2= 32 %; two studies, 161 participants),
and a large reduction in incomplete chemoradiotherapy
(RR 0·37, 95 % CI 0·12, 1·21; one study, forty participants). We
also found low certainty evidence of little to no difference in
the interruption of radiotherapy ≥5 d (RR 1·14, 95 % CI 0·69,
1·88; one study, 159 participants) and of both a large reduction
and little to no difference in any interruption of radiotherapy
(RR 0·10, 95 %CI 0·01, 1·60; one study, twenty-three participants;
and RR 1·04, 95 % CI 0·71, 1·52; one study, 159 participants).
Sensitivity analysis involving the results at a high risk of bias
overall had a considerable effect on our findings, because the
included study found a large increase in any interruption of
radiotherapy (RR 9·00, 95 % CI 0·50, 162·89; one study, 100 par-
ticipants), although it would have decreased our certainty in the
evidence. Moreover, we found low certainty evidence of a large
reduction in radiotherapy dose (RR 0·17, 95 % CI 0·02, 1·40; one
study, 159 participants) and of a large reduction in chemo-
therapy dose (RR 0·47, 95 % CI 0·21, 1·07; one study, sixty-one
participants). In comparison three, one study reported an inter-
ruption of chemoradiotherapy, but the evidence was of very low
certainty, and we cannot tell whether oral nutritional supple-
ments compared with ad libitum diet had an important effect.
In comparisons two and four, there was no available evidence
for outcomes relating to the success of anti-cancer treatment.
Fig. 4 presents the main results for these outcomes.

Non-haematological toxicity outcomes were often reported
and are presented in detail in online Supplementary Table S7.
In comparison one, the included studies reported results
for mucositis(21,22,32,41), radiation dermatitis(21,22), nausea(21), dry
mouth(21,41), swallowing difficulty and taste and appetite
changes(41). In comparison two, we found no evidence for
these outcomes. In comparisons three and four, we found evi-
dence for anorexia, dysgeusia, nausea/vomiting, odynophagia/
dysphagia, xerostomia and permanent xerostomia and/or taste
alterations(30). One study(34) in comparison three also provided
outcome data for mucositis. We found evidence of a reduction

and an increase in some of these outcomes, but the estimates
were often imprecise and/or the results were at a high risk
of bias.

Effect of interventions on the quality of life

In comparison one, three studies(21,22,32) reported data on the
global quality of life, as assessed by the European Organization
for the Research and Treatment of Cancer Quality-of-Life
Questionnaire (EORTC QLQ-C30), but the evidence was of very
low certainty. Sensitivity analysis excluding the results derived
from inputted means and standard deviations had some effect
on the estimate (data presented in the analysis report), although
it did not change the overall certainty of this evidence. In compari-
son two, one study(33) contributed with data, and the evidence
was also very uncertain. Fig. 5 presents the main results for this
outcome in comparisons one and two. In comparisons three
and four, one study(30) reported data only inmedians. Themedian
quality of life score in the group that received oral nutritional sup-
plements was 70 points, while the median score in the group that
consumed an ad libitum diet and in the group that received nutri-
tional counselling alone was 30 and 75 points, respectively (low
certainty evidence).

Subscales of the EORTC QLQ-C30 questionnaire were sel-
dom originally reported. Nonetheless, authors of two studies
included in comparison one(22,32) provided data for these out-
comes through personal communication, and they are presented
in detail in online Supplementary Table S8. In comparison two,
data from five subscales out of fourteen were available in the
study(33) that assessed the quality of life. In comparisons three
and four, outcome data for all subscales were available.
Overall, we found limited evidence from the results at a high risk
of bias, often very imprecise, and mostly displaying substantial
or considerable heterogeneity. In comparison two, we found
evidence of a large increase in the nausea subscale (standard
mean difference (SMD) 1·2, 95 % CI 0·5, 1·9; one study, forty-
two participants, high risk of bias) and a large decrease in the
pain subscale (SMD−1·0, 95 % CI−1·7, −0·4; one study, forty-
two participants, high risk of bias). In comparisons three and
four, there were apparent differences between intervention

Fig. 2. Assessments of risk of bias for each comparison using the revised Cochrane risk-of-bias tool for randomised trials (RoB 2). Bar charts representing the pro-
portions of results at a low risk of bias, some concerns and a high risk of bias for all the domains assessed in each comparison. , Low risk of bias; , some concerns; ,
high risk of bias.
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Table 3. Summary of findings for comparison one: nutritional counselling plus oral nutritional supplements compared with nutritional counselling alone

Outcomes

Anticipated absolute effects*
(95% CI)

Relative effect
(95% CI)

No. of participants
(studies)

Certainty of
evidence
(GRADE) Comments

Risk with nutritional
counselling alone

Risk with nutritional counselling plus
oral nutritional supplements

Mortality follow-up: until
3 months after the end of
treatment

37 per 1000 64 per 1000 (16, 259) RR 1·73
(0·43, 7·00)

159 (1 RCT) Low† Nutritional counselling plus oral
nutritional supplements may
result in a large increase in
mortality

Treatment tolerance assessed
with treatment suspension
and interruption follow-up until
end of treatment

1 trial reported complete suspension of RT (RR 0·35, 95% CI
0·04, 3·26), 2 trials reported complete suspension of CT

(RR 0·79, 95% CI 0·00, 1403·55, I2= 32%), 1 trial reported
interruption of RT ≥5 d (RR 1·14, 95% CI 0·69, 1·88), 2 trials
reported interruption of RT (RR 0·10, 95% CI 0·01, 1·60; and
RR 1·04, 95% CI 0·71, 1·52), 1 trial reported incomplete CCRT

(RR 0·37, 95% CI 0·12, 1·21)

N/A 322 (4 RCTs) Low‡ Nutritional counselling plus oral
nutritional supplements may
increase/reduce treatment
tolerance

Quality of life assessed with
EORTC QLQ-C30 scale from
0 to 100, follow-up until end
of treatment

Mean quality of life
ranged from 43·2 to 76

MD 4·45 higher (5·45 lower,
14·33 higher)

N/A 271 (3 RCTs) Very low§|| Evidence is very uncertain
about the effect of nutritional
counselling plus oral
nutritional supplements on the
quality of life

Functional status assessed with
handgrip strength (surrogate
outcome), follow-up until end
of treatment

Mean functional status
was 27·9 kg

MD 3·1 kg lower (6·39 lower,
0·19 higher)

N/A 136 (1 RCT) Low¶** Nutritional counselling plus oral
nutritional supplements may
result in a slight reduction in
functional status

Body weight, follow-up until end
of treatment

Mean body weight ranged
from 53 to 67·7 kg

MD 1·1 kg higher (0·94 lower,
3·14 higher)

N/A 236 (2 RCTs) Moderate‡ Nutritional counselling plus oral
nutritional supplements
probably increases body
weight slightly

Adverse events (intervention-
related), follow-up until end
of treatment

N/A N/A RR 12·92
(2·49, 67·03)

299 (3 RCTs) Low‡†† Evidence suggests that
nutritional counselling plus
oral nutritional supplements
results in a large increase in
adverse events
(gastrointestinal intolerance,
nausea due to the taste of
supplements)

GRADE, Grading of Recommendations Assessment, Development and Evaluation; RR, risk ratio; RCT, randomised controlled trial; RT, radiotherapy; N/A, not applicable; CT, chemotherapy; CCRT, concurrent chemoradiotherapy; EORTC
QLQ-C30, European Organization for the Research and Treatment of Cancer Quality-of-Life Questionnaire; MD, mean difference.
* Risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of intervention (and its 95% CI).
† Downgraded two levels because there were very few events, optimal information size criterion was not met and the CI included both appreciable benefit and appreciable harm.
‡ Downgraded two levels because for most outcomes there were few events, optimal information size criterion was not met and the CI included both appreciable benefit and appreciable harm.
§ Downgraded two levels because of three studies with an overall high risk of bias, including a high risk of bias due to missing outcomes and outcome measurement (subjective, unblinded and possible expectations of benefits from oral
nutritional supplements).

|| Optimal information size criterion was met, the CI did not exclude no effect and included appreciable benefit (5·4 points for improvement and −6·5 points for deterioration).
¶ Downgraded because handgrip strength is a surrogate outcome for an actual outcome of interest.
** Downgraded because even though the optimal information size criterion was met, the CI did not exclude no effect and included appreciable harm (5–6·5 kg).
†† Downgraded because of an overall high risk of bias, due to missing outcome data and outcome measurement (subjective and unblinded).
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Table 4. Summary of findings for comparison two: nutritional counselling plus oral nutritional supplements compared with ad libitum diet

Outcomes

Anticipated absolute effects* (95% CI)

Relative effect
(95% CI)

No. of participants
(studies)

Certainty of evidence
(GRADE) CommentsRisk with ad libitum diet

Risk with nutritional counselling plus oral
nutritional supplements

Mortality, follow up until
6 months after the end
of treatment

619 per 1000 644 per 1000 (464, 891) RR 1·04
(0·75, 1·44)

84 (1 RCT) Very low†‡ Evidence is very uncertain
about the effect of diet
counselling plus oral
nutritional supplements on
mortality

Treatment tolerance
(treatment suspension
or interruption) – not
reported

N/A N/A N/A N/A N/A

Quality of life assessed
with EORTC QLQ-
C30, follow-up until
end of treatment

N/A SMD 0·2 SD higher
(0·4 lower, 0·8 higher)

N/A 42 (1 RCT) Very low§||¶ Evidence is very uncertain
about the effect of diet
counselling plus oral
nutritional supplements on the
quality of life

Functional status – not
reported

N/A N/A N/A N/A N/A –

Body weight, follow-up
until end of treatment

Mean body weight was
58·05 kg

MD 3·33 kg higher
(3·6 lower, 10·26 higher)

N/A 42 (1 RCT) Very low||**†† Evidence is very uncertain
about the effect of diet
counselling plus oral
nutritional supplements on
body weight

Adverse events
(intervention-related) –
not reported

N/A N/A N/A N/A N/A N/A

GRADE, Grading of Recommendations Assessment, Development and Evaluation; RR, risk ratio; RCT, randomised controlled trial; N/A, not applicable; EORTC QLQ-C30, European Organization for the Research and Treatment of Cancer
Quality-of-Life Questionnaire; SMD, standard mean difference; MD, mean difference.
* Risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of intervention (and its 95% CI).
† Downgraded because of results with an overall high risk of bias (due to randomisation, some concern on deviations from intended interventions, and the selection of reported results).
‡ Downgraded two levels because there were very few events, optimal information size criterion was not met and the CI included both appreciable benefit and appreciable harm.
§ Downgraded because of results with an overall high risk of bias (due to missing outcome data and outcome measurement – subjective and unblinded study, and some concerns on randomisation and the selection of reported results).
|| Downgraded because the study population only comprised nasopharyngeal cancer patients.
¶ Optimal information size criterion was met, but the CI did not exclude no effect, and included appreciable benefit or appreciable harm.
** Downgraded because of results with an overall high risk of bias (due to missing outcome data and some concerns on randomisation and the selection of reported results).
†† Downgraded because the optimal information size criterion was not met.

E
ffect

o
f
o
ral

n
u
tritio

n
al

su
p
p
lem

en
ts

539

https://doi.org/10.1017/S0007114520002329 Published online by Cambridge University Press

https://doi.org/10.1017/S0007114520002329


Table 5. Summary of findings for comparison three: oral nutritional supplements compared with ad libitum diet in head-and-neck cancer patients undergoing chemoradiotherapy

Outcomes

Anticipated absolute effects* (95% CI)

Relative effect
(95% CI)

No. of participants
(studies)

Certainty of evidence
(GRADE) Comments

Risk with ad libitum
diet

Risk with oral nutritional
supplements

Mortality, median follow-up 3·8
(2·0–6·3) years

480 per 1000 322 per 1000 (158, 648) RR 0·67
(0·33, 1·35)

50 (1 RCT) Very low†‡ Evidence is very uncertain
about the effect of oral
nutritional supplements on
mortality

Treatment tolerance (treatment
interruption)

160 per 1000 18 per 1000 (2, 314) RR 0·11
(0·01, 1·96)

50 (1 RCT) Very low‡§|| Evidence is very uncertain
about the effect of oral
nutritional supplements on the
interruption of anti-cancer
treatment

Quality of life assessed with
EORTC QLQ-C30, follow-up until
end of treatment

Median quality of life score was 30 points in the
comparator group and 70 points in the

experimental group

50 (1 RCT) Low¶** Oral nutritional supplements
may result in a large increase
in the quality of life

Functional status – not reported N/A N/A N/A N/A N/A N/A
Body weight, follow-up until end of

treatment
Mean body weight

was 46·9 kg
MD 1·9 kg higher

(4·27 lower, 8·07 higher)
N/A 50 (1 RCT) Very low§||** Evidence is very uncertain

about the effect of oral
nutritional supplements on
body weight

Adverse events (intervention-
related) – not reported

N/A N/A N/A N/A N/A N/A

GRADE, Grading of Recommendations Assessment, Development and Evaluation; RR, risk ratio; RCT, randomised controlled trial; EORTC QLQ-C30, European Organization for the Research and Treatment of Cancer Quality-of-Life
Questionnaire; N/A, not applicable; MD, mean difference.
* Risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of intervention (and its 95% CI).
† Downgraded because of results with an overall high risk of bias (due to deviations from intended interventions and missing outcome data, and some concerns on the selection of reported results).
‡ Downgraded two levels because there were very few events, optimal information size criterion was not met and the CI included both appreciable benefit and appreciable harm.
§ Downgraded because of results with some concerns of bias due to randomisation and the selection of reported results.
|| Downgraded because the study population only comprised oral cancer patients.
¶ Downgraded because of results with an overall high risk of bias (due to outcome measurement – subjective and unblinded study, and some concerns of bias due to the selection of reported results).
** Downgraded because the optimal information size criterion was not met.
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groups; however, the absence of dispersion measures alongside
the reported medians hindered adequate interpretation of study
results.

Effect of interventions on functional status

Outcome data for functional status were only available in one
study(32) in comparison one, using the surrogate outcome hand-
grip strength. Nutritional counselling plus oral nutritional supple-
ments compared with nutritional counselling alone may result in
a slight reduction in functional status (Fig. 6).

Effect of interventions on body weight

In comparison one, five studies(21,22,28,32,41) reported data on
body weight. There is moderate certainty evidence that nutri-
tional counselling plus oral nutritional supplements compared
with nutritional counselling alone probably results in a slight
increase in body weight (mean differenceþ 1·10 kg, 95 %
CI−0·94, 3·14, I2= 0 %; two studies, 236 participants).
Sensitivity analysis involving the results at a high risk of bias
had little effect on the estimate (mean differenceþ 1·08 kg,
95 % CI−0·45, 2·61, I2= 24 %; four studies, 344 participants),
and in this subset, a further exclusion of the results derived from
inputted means and standard deviations produced a slightly
more precise estimate (mean differenceþ 1·00 kg, 95 %
CI−0·06, 2·07, I2= 0 %; three studies, 304 participants). In this
analysis, one of the studies(41) could not be pooled because
the outcome was presented as percentage change, which had
variable definitions. In comparison two, two studies(29,33) pro-
vided outcome data, but one(29) of them only stated that the dif-
ference between groups was not statistically significant. Overall,
the evidence was very uncertain. In comparison three, one
study(34) reported results for this outcome, but the evidence
was also very uncertain. In comparison four, we found no evi-
dence for this outcome. Fig. 7 presents the main results.

Effect of interventions on intervention-related adverse
effects

Evidence on the adverse effects of interventions was available in
four studies(21,22,32,41) included in comparison one. In one
study(41), patients recorded any side-effects that may have been
attributed to oral nutritional supplements, but none was
reported, so it did not contribute to the outcome data. There
is low certainty evidence that nutritional counselling plus oral
nutritional supplements compared with nutritional counselling
alone results in a large increase in adverse effects relating to sup-
plement use (Fig. 8). One study(32) reported gastrointestinal
intolerance to supplements, described as feeling of fullness in
nine participants, resulting in three participants discontinuing
their use. A second study(22) found nausea due to the taste of
supplements in seven participants, who also left the study for
that reason. The third study(21) also found nausea caused by
the flavour and smell of supplements, leading to vomiting after
consumption in three participants. These participants discon-
tinued supplementation and dropped out of the study.

T
ab

le
6.

S
um

m
ar
y
of

fin
di
ng

s
fo
r
co

m
pa

ris
on

fo
ur
:o

ra
ln

ut
rit
io
na

ls
up

pl
em

en
ts

co
m
pa

re
d
w
ith

nu
tr
iti
on

al
co

un
se

lli
ng

O
ut
co

m
es

A
nt
ic
ip
at
ed

ab
so

lu
te

ef
fe
ct
s*

(9
5
%

C
I)

R
el
at
iv
e
ef
fe
ct

(9
5
%

C
I)

N
o.

of
pa

rt
ic
ip
an

ts
(s
tu
di
es

)
C
er
ta
in
ty

of
ev

id
en

ce
(G

R
A
D
E
)

C
om

m
en

ts
R
is
k
w
ith

nu
tr
iti
on

al
co

un
se

lli
ng

R
is
k
w
ith

or
al

nu
tr
iti
on

al
su

pp
le
m
en

ts

M
or
ta
lit
y,

m
ed

ia
n
fo
llo
w
-u
p
3·
8
(2
·0
–
6·
3)

ye
ar
s

16
0
pe

r
10

00
32

0
pe

r
10

00
(1
10

,
92

8)
R
R

2·
00

(0
·6
9,

5·
80

)
50

(1
R
C
T
)

V
er
y
lo
w
†
‡

E
vi
de

nc
e
is

ve
ry

un
ce

rt
ai
n

ab
ou

t
th
e
ef
fe
ct

of
or
al

nu
tr
iti
on

al
su

pp
le
m
en

ts
on

m
or
ta
lit
y

T
re
at
m
en

t
to
le
ra
nc

e
(t
re
at
m
en

t
su

sp
en

si
on

or
in
te
rr
up

tio
n)

–
no

tr
ep

or
te
d

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

Q
ua

lit
y
of

lif
e
as

se
ss
ed

w
ith

E
O
R
T
C

Q
LQ

-C
30

,
fo
llo
w
-u
p
un

til
en

d
of

tr
ea

tm
en

t
M
ed

ia
n
qu

al
ity

of
lif
e
sc
or
e
w
as

75
po

in
ts

in
th
e
co

m
pa

ra
to
r
gr
ou

p
an

d
70

po
in
ts

in
th
e
ex

pe
rim

en
ta
lg

ro
up

50
(1

R
C
T
)

Lo
w
§|
|

O
ra
ln

ut
rit
io
na

ls
up

pl
em

en
ts

m
ay

re
su

lt
in

lit
tle

to
no

di
ffe

re
nc

e
in

th
e
qu

al
ity

of
lif
e

F
un

ct
io
na

ls
ta
tu
s
–
no

tr
ep

or
te
d

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

B
od

y
w
ei
gh

t
–
no

tr
ep

or
te
d

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

A
dv

er
se

ev
en

ts
(in

te
rv
en

tio
n-
re
la
te
d)

–
no

t
re
po

rt
ed

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

G
R
A
D
E
,G

ra
di
ng

of
R
ec

om
m
en

da
tio

ns
A
ss
es

sm
en

t,
D
ev

el
op

m
en

ta
nd

E
va

lu
at
io
n;

R
R
,r
is
k
ra
tio

;R
C
T
,r
an

do
m
is
ed

co
nt
ro
lle
d
tr
ia
l;
N
/A
,n

ot
ap

pl
ic
ab

le
;E

O
R
T
C
Q
LQ

-C
30

,E
ur
op

ea
n
O
rg
an

iz
at
io
n
fo
rt
he

R
es

ea
rc
h
an

d
T
re
at
m
en

to
fC

an
ce

r
Q
ua

lit
y-
of
-L
ife

Q
ue

st
io
nn

ai
re
.

*
R
is
k
in

th
e
in
te
rv
en

tio
n
gr
ou

p
(a
nd

its
95

%
C
I)
is

ba
se

d
on

th
e
as

su
m
ed

ris
k
in

th
e
co

m
pa

ris
on

gr
ou

p
an

d
th
e
re
la
tiv
e
ef
fe
ct

of
in
te
rv
en

tio
n
(a
nd

its
95

%
C
I)
.

†
D
ow

ng
ra
de

d
be

ca
us

e
of

re
su

lts
w
ith

an
ov

er
al
lh

ig
h
ris

k
of

bi
as

(d
ue

to
de

vi
at
io
ns

fr
om

in
te
nd

ed
in
te
rv
en

tio
ns

an
d
m
is
si
ng

ou
tc
om

e
da

ta
,a

nd
so

m
e
co

nc
er
ns

on
th
e
se

le
ct
io
n
of

re
po

rt
ed

re
su

lts
).

‡
D
ow

ng
ra
de

d
tw
o
le
ve

ls
be

ca
us

e
th
er
e
w
er
e
ve

ry
fe
w

ev
en

ts
,o

pt
im

al
in
fo
rm

at
io
n
si
ze

cr
ite

rio
n
w
as

no
tm

et
an

d
th
e
C
I
in
cl
ud

ed
bo

th
ap

pr
ec

ia
bl
e
be

ne
fit

an
d
ap

pr
ec

ia
bl
e
ha

rm
.

§
D
ow

ng
ra
de

d
be

ca
us

e
of

re
su

lts
w
ith

an
hi
gh

ris
k
of

bi
as

(d
ue

to
ou

tc
om

e
m
ea

su
re
m
en

t
–
su

bj
ec

tiv
e
an

d
un

bl
in
de

d
st
ud

y,
an

d
so

m
e
co

nc
er
ns

of
bi
as

du
e
to

th
e
se

le
ct
io
n
of

re
po

rt
ed

re
su

lts
).

||
D
ow

ng
ra
de

d
be

ca
us

e
th
e
op

tim
al

in
fo
rm

at
io
n
si
ze

cr
ite

rio
n
w
as

no
tm

et
.

Effect of oral nutritional supplements 541

https://doi.org/10.1017/S0007114520002329  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114520002329


Study

1. NC + ONS v. NC alone      

2. NC + ONS v. ad libitum diet

3. ONS v. ad libitum diet     

4. ONS v. NC                 

Cereda 2018

Moriarty 1989

Ravasco 2005

Ravasco 2005

Events

 5

27

 8

 8

Total

 78

 42

 25

 25

Intervention
Events

 3

26

12

 4

Total

 81

 42

 25

 25

Comparator

0·1 0·2 0·5 1 2 5 10

RR

Favours intervention Favours comparator

Mortality

RR

1·73

1·04

0·67

2·00

95 % CI

0·43, 7·00

0·75, 1·44

0·33, 1·35

0·69, 5·80

Bias

Some concerns

High risk of bias

High risk of bias

High risk of bias

Fig. 3. Forest plot of structured reporting of the effects of interventions on mortality. RR, risk ratio; NC, nutritional counselling; ONS, oral nutritional supplements.
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Discussion

This review found low certainty evidence that nutritional coun-
selling plus oral nutritional supplements, compared with nutri-
tional counselling alone, may result in a large increase in
mortality. We also found that they may increase treatment toler-
ance, as assessed by the suspension and interruption of anti-
cancer treatment. Regarding the quality of life, evidence was
very uncertain when nutritional counselling plus oral nutritional
supplements was compared with nutritional counselling alone
or to ad libitum diet. Moreover, oral nutritional supplements
may result in a large increase in the quality of life compared with
ad libitum diet, but theymay result in little to no difference in the
quality of life compared with nutritional counselling. Regarding
functional status, we found nutritional counselling plus oral
nutritional supplements, compared with nutritional counselling
alone, may reduce handgrip strength slightly. When compared
with nutritional counselling alone, nutritional counselling plus
oral nutritional supplements probably slightly increases body
weight, but we are uncertain about the clinical significance of
this finding. In the other comparisons, evidence for this outcome
was very uncertain or missing. Although the evidencewas of low
certainty, nutritional counselling plus oral nutritional supple-
ments compared with nutritional counselling alone appeared
to largely increase adverse effects relating to the supplement
use such as nausea, vomiting and feeling of fullness.

When assessing the whole body of evidence, we found a
paucity of studies investigating our review question. Moreover,
different comparisons arose, and for most of them, there was
limited evidence for the outcomes considered to be of most
importance to patients in this review. Comparison one was
the most complete, comparing nutritional counselling plus oral
nutritional supplements to nutritional counselling alone. This
was expected since nutritional counselling forms the basis of
the management of cancer patients undergoing treatment and
is widely recommended(59). One of the included studies(32)

intended to have an extra arm in the trial, namely ‘usual care’,
without any nutritional counselling or supplements, but this
was not approved by the local ethics committee. In contrast,
two studies(33,34) that are contemporary to the one mentioned
are still investigating interventions compared with ad libitum

diet, suggesting this may not be a closed issue, and more studies
with such comparisons might be available in the future.

The certainty of evidence across comparisons ranged from
very low to moderate. Serious imprecision was a major source
of uncertainty in our estimates, because confidence intervals
often crossed no effect and included appreciable benefits and
appreciable harms. Publication bias could not be formally inves-
tigated because of the low number of available studies. We did,
however, perform a comprehensive search to identify unpub-
lished studies, conference abstracts and original data through
personal communication. Regarding unpublished studies, we
assumed their results were unavailable not because of publica-
tion bias but because the trials had only been recently
completed.

In respect of the risk of bias at study level, most results were at
a high risk of bias overall. Judgement of bias arising from ran-
domisation was hindered by an incomplete reporting of studies.
This feature was not exclusive to older studies, but also in two
studies published in 2016 and 2019, when reporting guidelines
such as the CONSORT (Consolidated Standards of Reporting
Trials) were already available. Deviations from intended inter-
ventions, if occurred, were generally not related to the experi-
mental context. Some trials offered nutritional supplements or
other interventions such as parenteral nutrition to comparator
groups because of ethical reasons, and this was judged to reflect
usual practice justified by the worsening of participant’s condi-
tion. Missing outcome data often related to the acceptability of
supplements and to the deterioration of participant’s health con-
dition. This may affect the applicability of findings because par-
ticipantswho remained in the trialmay be different from the ones
who dropped out. For instance, worsening of health may be
related to clinical differences that may affect outcomes.
Furthermore, participants included in the final analysis might
correspond to a group of people who tolerated the supplements
well, and may not reflect a general population that can tolerate
the supplements or not. In one study(32), the authors considered
missingness to be at random because they found no differences
between dropouts and participants who remained in the study.
Because the data used to reach those judgements were not
shown in the article, we requested additional information from
the authors but without success. We decided to trust the
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information provided, but acknowledge that some readers might
be sceptical about it. This should be taken into account when
interpreting the risk of bias of this study’s results. A risk of bias
in outcomemeasurement was common for subjective outcomes.
Because of the nature of interventions, this can be difficult to
counteract, especially for patient-reported outcomes. However,
we also found that outcome assessors not reported by patients
were seldom blinded, missing an opportunity of achieving
results with a lower risk of bias. Assessing the risk of bias in
the reported results was challenging, because few available pro-
tocols were incomplete or contained unexplained differences,
leading to at least some concerns in this domain. We judged
three results of one study(32) to be at a high risk of bias because
they appeared to have been based on results from multiple
outcome definitions and composite outcomes that were not
pre-registered in the protocol. However, by contacting study
authors, we obtained data for individual outcomes from
composite outcomes and considered only these results.

To the best of our knowledge, this is the first systematic
review on the subject to have incorporated theGRADE approach
into the interpretation and communication of findings. One sys-
tematic review(11) published in 2013 sought evidence for a range
of nutritional interventions in head-and-neck cancer patients
receiving radiotherapy or chemoradiotherapy. The authors
found three studies(28,30,41) on oral nutritional supplements,
which are also included in the present review. This study only
considered oral nutritional supplements v. no supplements,
which included comparisons of oral nutritional supplements
plus nutritional counselling v. nutritional counselling alone
(comparison one), and of oral nutritional supplements v. ad
libitum diet (comparison three) as defined in our review. In com-
parisons one and three, our review adds new data from three
studies(21,22,32) and one study(34), respectively. In the previous
review, results were described as positive, beneficial or related
to statistical significance, but not much in terms of effect size and
overall certainty of evidence. Findings were reported as incon-
sistent and sometimes limited to one study, but included
increases in body weight and other anthropometric parameters
and improvement in quality-of-life scores in patients receiving
supplements compared with ad libitum diet. When compared
with nutritional counselling alone, there was no clear benefit
of nutritional counselling plus supplements. Even though
much uncertainty still remains, in the present review we identi-
fied important changes in the body of evidence comparing
nutritional counselling plus oral nutritional supplements to nutri-
tional counselling alone, namely the outcomes of most impor-
tance to patients such as mortality and tolerance to anti-cancer
treatment. Data for quality of life were available from three trials,
although the evidence was of very low certainty. In addition, we
found a slight increase in body weight to be of moderate cer-
tainty. Our findings were also balanced, considering the impact
of oral nutritional supplements on adverse effects relating to the
intervention.

We found some limitations in the present review, which
should be considered when interpreting our findings. Even
though our search was designed to be comprehensive and we
attempted to search grey literature, some citations could not
be accessed for full reading, and it is unclear how much this

could have affected the estimates presented in this review. In
addition, we chose to present only those outcomes of most
importance to patients. This could have introduced reporting
bias, since many outcomes were not considered in the final
analysis, and the order of importance of those outcomes is
expected to vary among other authors, clinicians, patients and
decision-makers. Lastly, because of the different treatment com-
parisons considered in this review, we divided the included
studies into four sets for pair-wise meta-analyses. In this situa-
tion, a network meta-analysis could have potentially improved
our estimates by increasing precision, assuming necessary
assumptions would have been met and adequate methods
would have been employed. However, this approach could
have widened our research question, including making addi-
tional comparisons of no relevance to this review.
Additionally, given the overall very low to low certainty evidence
available, the application of this method would probably not
substantially change our conclusions. Nevertheless, we encour-
age the planning of a network meta-analysis in future evidence
synthesis featuring a wider review question on this subject.

Our assessments of risk of bias revealed many limitations that
future trials should attempt to mitigate. Reasons for dropouts
were often related to patients’ tolerance to supplements, so spe-
cial attentionmust be conceded to the selection of a product with
high tolerability. A pre-registration of the study protocol contain-
ing specific information on outcomes intended to be assessed,
timing of assessment and what analyses are intended to be con-
ducted may reduce the risk of bias in the selection of reported
results. Moreover, we found that outcome assessors were sel-
dom blinded, even when this was feasible (e.g. non-
haematological toxicity outcomes). We found several gaps in
the evidence base, which could be addressed by future trials.
For instance, studies with a longer follow-up might be able to
better study the effect of interventions on mortality. Functional
status was also seldom assessed or reported, and this could pro-
vide a better insight into the clinical significance of the impact of
interventions on body weight.

In conclusion, we emphasise the uncertainty surrounding
much of the evidence relating to the outcomes of most
importance to patients, most often ranging from very low to
low certainty. Moreover, the current state of evidence could
be substantially improved via a widespread implementation of
higher standards in planning, conduction and reporting of future
trials. Possible increases in mortality, treatment tolerance, and
quality of life, besides a possible decrease in functional status,
are worthy of further investigation. Nutritional counselling plus
oral nutritional supplements probably increases body weight
slightly, compared with nutritional counselling alone. Possible
adverse effects of oral nutritional supplements should not be
overlooked.
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