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Background: The use of oral nutritional supplement (ONS) is one of the modalities employed to manage 
cancer-associated malnutrition. However, evidence of its efficacy is limited. In 2018, a meta-analysis reported 
the statistical benefits of increased body weight from ONS. This study aimed to evaluate the efficacy of ONS 
in cancer patients receiving chemotherapy in more recent trials.
Methods: All randomized controlled trials (RCTs) of adult cancer patients receiving chemotherapy, which 
compared ONS with standard of care and reported on body weight, nutritional status, or quality of life 
(QoL), were included. Eligible RCTs were identified from PubMed, OVID, and the references of previous 
systematic reviews up until February 2023. The risk of bias was assessed using the Revised Cochrane 
risk-of-bias tool. The outcomes of interest were pooled and analyzed using the mean difference (MD) 
with a corresponding 95% confidence interval (CI). This study was registered in PROSPERO, number 
CRD42023400471.
Results: Ten RCTs comprising 1,101 patients were included. ONS did not show a significant impact on final 
body weight (MD −0.07 kg, 95% CI: −0.99 to 0.84, P=0.88). It tended to increase body weight (MD 0.90 kg,  
95% CI: −0.48 to 2.28, P=0.20), and this benefit was particularly noticeable in elderly patients, those with 
low baseline body weight, females, and non-Asian patients. After adjusting for risk of bias, ONS was found to 
significantly increase body weight (MD 1.32 kg, 95% CI: 0.12 to 2.52, P=0.03), and it also tended to enhance 
Patient-Generated Subjective Global Assessment (PG-SGA) score of −2.13 (95% CI: −5.07 to 0.82, P=0.16), 
global domain QoL score of 4.01 (95% CI: 0.08 to 7.94, P=0.05) and fatigue domain QoL score of −7.63 (95% 
CI: −13.87 to −1.39, P=0.02).
Conclusions: ONS could help to increase body weight in cancer patients receiving chemotherapy. This 
benefit was especially notable in those at high risk of malnutrition, including elderly patients, those with 
low baseline body weight, females, and non-Asian patients. It also resulted in improved PG-SGA scores and 
significantly improved patients’ QoL during chemotherapy treatment. Future studies should explore the 
potential benefit of ONS on oncological outcomes or improvements of chemotherapy-related toxicity.
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Introduction

Cancer is a leading cause of mortality and morbidity 
worldwide (1). Studies have shown that malnutrition affects 
up to 51.6% of cancer patients, and cancer-associated 
malnutrition has been associated with a negative impact 
on survival, quality of life (QoL), and cancer treatment 
tolerance (2-4). Pretreatment weight loss was common in 
cancer patients, accounting for 34%, and was associated 
with poor overall survival (4). Furthermore, in patients with 
gastrointestinal (GI), lung, and ovarian cancers undergoing 
chemotherapy, weight stabilization correlated with a 
significant improvement in survival (5-7). Maintaining 
body weight during chemotherapy may serve as a surrogate 
outcome for cancer treatment.

As a result, global recommendations emphasize the 
importance of nutritional screening and early intervention 
for the prevention of malnutrition related to cancer (8-11),  
but unfortunately, the best intervention for cancer-
associated malnutrition has not yet been identified. Oral 
nutritional supplement (ONS) provide energy, protein, 
macronutrients, and micronutrients for patients (8,9,11,12). 
According to the ESPEN practical guidelines on clinical 
nutrition in cancer, all cancer patients should receive dietary 
counseling for adequate energy and substrate requirements, 

regardless of baseline nutrition status, cancer staging, or a 
history of previous weight loss (9). The additional use of 
ONS was advised to help achieve nutritional goals as an 
adjunct to dietary counseling (9,10). Weight stabilization 
during chemotherapy was associated with survival outcomes 
(5-7). Therefore, cancer patients receiving chemotherapy 
were the target population for evaluating the efficacy of 
ONS in terms of body weight changes.

While ONS has been proposed as a modality for 
preventing or alleviating cancer-associated malnutrition, 
clinical trials of ONS with or without dietary counseling 
(DC) have obtained contradictory results. Some trials have 
reported the benefits of reducing weight loss by using ONS, 
but others have claimed that it did not improve patients’ 
nutritional status, QoL, or survival outcomes (13,14). 

Meanwhile,  a meta-analysis  conducted in 2018 
demonstrated that ONS achieved statistically significant 
improvements in cancer patients’ body weight (15); however, 
this meta-analysis was limited by its inclusion of control 
groups that also received ONS. More recent randomized 
controlled trials (RCTs) have been conducted since then, 
and our meta-analysis was designed to evaluate the efficacy 
of ONS compared with DC alone in terms of body weight, 
nutritional status, and QoL in cancer patients receiving 
chemotherapy. We present this article in accordance with 
the PRISMA reporting checklist (available at https://apm.
amegroups.com/article/view/10.21037/apm-23-558/rc).

Methods

Study design

This study was a systematic review and meta-analysis of 
ONS among cancer patients receiving chemotherapy. 
It was registered in the International Prospective 
Register of Systematics Reviews (PROSPERO), number 
CRD42023400471.

Literature search and study selection

A literature search was performed to cover all available 
studies, including unpublished and ongoing, proceeding up 
to 16 Feb 2023. The data were identified using: (I) search 
engine and database: PubMed, including the MEDLINE 
database, and OVID; (II) references of previous systematic 
reviews. Phase II and III RCTs were selected and were 
eligible if they met the following criteria: studies of adult 
cancer patients receiving chemotherapy; compared ONS 
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those with low baseline body weight, females, non-Asian patients. 
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patients receiving chemotherapy and included six trials that 
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including increase body weight, improve nutritional status, and 
enhance QoL, particularly for those at high risk of malnutrition, 
which was elderly patients, those with low baseline body weight, 
and females. 
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with calories containing formula and standard of care 
(nutritional counseling); and reported at least one outcome 
of interest, such as body weight, Patient-Generated 
Subjective Global Assessment (PG-SGA) score, global 
domain QoL score, or fatigue domain of QoL score. The 
exclusion criteria were those studies which had insufficient 
data for pooling after three contact attempts with authors at 
two-week intervals, or studies which were not published in 
English and could not be translated. The search terms were 
constructed based on population, intervention, comparator, 
and outcome (PICO) format including population (adult 
cancers patient receiving chemotherapy), intervention 
(ONS) and comparator (nutritional counseling). Outcome 
domain was omitted for broader search results, and no 
publication dates or language restrictions were applied. The 
full search items are displayed in Tables S1,S2. 

Studies were identified by two independent reviewers 
(S.S., P.P.) from abstract and title information, and the full 
articles of selected studies were subsequently reviewed 
based on eligible criteria. Disagreement was resolved by 
discussions between the reviewers’ teams.

Data extraction

Data were extracted from the full texts by two independent 
reviewers (S.S., P.P.) using the data extraction form, which 
consisted of six parts: general information about the 
study (author, year of publication); study characteristics 
(phase, center, region of study); general characteristics of 
participants (number of participants, age, gender, type of 
cancer, stage IV disease); interventions [calories, protein, 
eicosatetraenoic acid (EPA), duration of treatment]; 
outcomes (body weight, PG-SGA score, global and fatigue 
domain QoL score); and the data for pooling. 

Data pooling

The primary outcome was the final body weight, defined as 
body weight at the end of the study, reported in kilograms 
(kg). Change in weight was subsequently assessed to correct 
for baseline weight imbalances among all included studies. 
This outcome was defined as the difference between the 
final and baseline body weights, reported in kg.

The secondary outcomes included nutritional status score 
and QoL score. The final PG-SGA score, which used to 
evaluate patients’ nutritional status, was defined as the PG-
SGA score at the end of study. This score ranged from 0 
(no problems) to 36 (worst problems). The final global QoL 

score was the global QoL score reported by patients at the 
end of the study, with a range from 0 (worst QoL) to 100 (best 
QoL). Similarly, the final fatigue QoL score was the fatigue 
QoL score at the end of the study, also a patient-reported 
outcome, ranging from 0 (least fatigue) to 100 (worst fatigue).

Risk of bias assessment 

The risk of bias was assessed by two independent reviewers 
(S.S., P.P.) who were blinded to each other’s evaluations, 
which were made using the Revised Cochrane risk-of-bias 
tool for randomized trials (RoB2) (16). The tool consisted of 
5 domains: the randomization process; deviations from the 
intended interventions; missing outcome data; measurement 
of the outcomes; and selection of the reported results. The 
overall risk of bias was judged to be overall “Low”, “Some 
concerns”, or “High” risk of bias in accordance with RoB2 
criteria. 

Statistical analysis

All the outcomes of interest were continuous outcomes and 
were reported as mean, standard deviation (SD) and number 
of patients. All data were prepared using the methods 
described in the Cochrane Handbook for Systematic Reviews 
of Interventions, version 6.3. The outcomes of interest were 
pooled and analyzed using the mean difference (MD) with 
a corresponding 95% confidence interval (CI) and then 
summarized in forest plots. Heterogeneity was assessed by 
Cochrane’s Q statistics or I2 test (17). If the results showed 
no significance in P value of the Q test (P>0.1 and I2 statistic 
<25%), a fixed-effect model was employed using inverse 
variance method. Otherwise, if there was heterogeneity 
between studies (P value of Q test ≤0.1 or I2 statistic ≥25%), 
pooling of the effect size was applied by using a random-
effect model (DerSimonian and Laird procedure) (18). 

Subgroup analysis of body weight outcome was further 
assessed based on differences of patient and intervention 
characteristics among the included studies. Sensitivity 
analysis of nutritional status and QoL outcomes were 
subsequently explored in response to the imbalance in 
baseline scores. Imbalance of baseline score was defined as 
a baseline difference of greater than 20% or when there 
was a statistically significant difference between the baseline 
scores of the intervention and control groups.

A funnel plot and Egger’s test were used to evaluate 
publication bias. A funnel plot with symmetrical distribution 
suggested no publication bias, and Egger’s test was used 

https://cdn.amegroups.cn/static/public/APM-23-558-Supplementary.pdf
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to confirm asymmetry, with a P value of less than 0.05 
suggesting the presence of publication bias (19). A P value 
<0.05 was generally considered statistically significant with 
the exception of Cochrane’s Q test which used P value <0.1. 
All analyses were performed using STATA, version 17.0. 

Results

Study selection

A total of 705 articles were identified from database 
searches, 257 from PubMed, and 448 from OVID. After the 
removal of duplicated articles, a total of 465 articles were 
selected for screening based on inclusion and exclusion 
criteria. Out of these, 28 articles met the criteria for full-
text review. After conducting a thorough full-text review, six 
articles were selected for data pooling. A further 4 articles 

were identified from cross-references, so that ten eligible 
RCTs were finally included in this study. The selection 
process is illustrated in Figure 1.

Characteristics of included studies

The detailed characteristics of the ten eligible RCTs  
(14,20-28) are described in Table 1. These comprised nine 
phase II and one phase III studies and included 1,101 
patients. Only one was a multi-center study (14), and most 
were conducted in Asia (24-28). Eight out of ten reported 
the age of patients, the mean of which was 59.87 years 
(range, 47.00 to 68.20 years). The mean percentage of 
female patients was 46.88% (range, 24.20% to 100%). All 
except one RCT (28) recorded baseline body weight, with a 
mean of 66.13 kg (range, 57.28 to 74.84 kg). Five included 
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Cross references (n=4)

Records removed before screening:
•	Duplicate records removed 
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•	Systematic reviews (n=3)
•	Trial protocols (n=2)
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Figure 1 PRISMA flow diagram. 
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Table 1 Characteristics of included studies 

Author, year Phase Center Region
Cancer type, %

Treatment N
Stage 
IV, %

Age, years Female, %
Baseline 

weight, kg

ONS Final weight,  
kg

Weight 
change, kg

Final PG-SGA 
score

Final global  
QoL

Final fatigue 
QoLGI HN NSCLC Calories, kcal/day Protein, g/day EPAs, g/day Duration, weeks

Elkort RJ, 1981 (20) II Single center USA 0.0 0.0 0.0 ONS 12 21.4 NR 100.0 74.8±16.33 500 16.25 0 52 76.38±10.62 1.18 NR NR NR

DC 14 25.0 NR 100.0 72.6±16.19 – 73.71±9.72 0.21 NR NR NR

Trabal J, 2010 (21) II Single center Europe 100.0 0.0 0.0 ONS 7 100.0 61.5±15.8 44.0 69.9±15.90 590 16 2 12 NR NR NR 64.30±11.19 32.19

DC 6 100.0 68.2±15.6 29.0 72.2±11.70 – NR NR NR 74.06±12.36 27.16

Baldwin C, 2011 (14) II Multicenter Europe 73.0 0.0 24.0 ONS 86 100.0 65.4±13.9 75.0 69.4±13.30 588 11.9 0 6 70.87±10.70 0.21 NR NR NR

DC 96 100.0 67.2±11.7 73.0 69.6±8.28 – 70.14±10.09 −0.35 NR NR NR

Sánchez-Lara K, 2014 
(22)

II Single center South 
America

0.0 0.0 1.0 ONS 46 80.4 58.8±14 54.5 60.4±11.00 590 33 2.2 8 60.10±11.00 −0.33±3.00 NR 65.40±23.00 32.30±24.00

DC 46 76.0 61.0±12.4 50.0 64.7±13.00 – 62.60±14.00 −2.20±3.00 NR 56.50±26.00 34.70±20.00

Cereda E, 2018 (23) II Single center Europe 0.0 100.0 0.0 ONS 78 26.9 66.5±14.5 30.8 68.9±14.00 500 23 0 12 68.30±14.50 −0.60 NR 77.70±24.40 NR

DC 81 30.9 63.8±12.7 25.9 69.2±14.80 – 64.60±14.10 −4.60 NR 70.70±29.10 NR

Kim SH, 2019 (24) II Single center Asia 100.0 0.0 0.0 ONS 15 66.7 64.5±2.6 53.3 57.3±2.20 400 19 0 8 61.38±3.20 −0.23±1.00 5.60±0.80 65.60±4.06 20.70±4.58

DC 19 57.9 65.8±2.1 52.6 60.9±2.50 – 58.93±3.30 −0.17±1.10 19.00±9.10 59.20±4.97 36.30±5.69

Huang S, 2020 (25) II Single center Asia 0.0 100.0 0.0 ONS 58 0.0 49.1±9.2 24.2 65.8±10.92 400 16 0 12 60.54±9.98 −5.24 2.29 12.00±1.75 NR NR

DC 56 0.0 51.2±7.9 30.4 65.7±9.45 – 61.56±8.89 −4.14 ±2.31 11.00±2.50 NR NR

Dou S, 2020 (26) II Single center Asia 0.0 100.0 0.0 ONS 23 47.8 48.0±11.3 24.2 67.2±12.25 294 35.7 0 6 61.38±12.27 −5.81±2.45 16.60±6.33 NR NR

DC 19 36.8 47.0±7.3 30.4 63.5±10.25 – 58.05±10.64 −5.44±2.58 21.33±4.00 NR NR

Meng Q, 2021 (27) III Single center Asia 100.0 0.0 0.0 ONS 171 7.0 60.8±11.5 32.7 58.8±12.27 500 20.5 0 12 55.96±10.45 −2.89±2.90 NR 75.00±10.50 11.00±8.25

DC 166 6.6 59.0±10.9 31.9 59.4±10.94 – 55.19±10.34 −4.23±2.67 NR 73.00±12.50 22.00±11.00

Huong LT, 2021 (28) II Single center Asia 100.0 0.0 0.0 ONS 52 84.9 NR 37.7 NR 500 20 0 8 51.60±7.80 −1.76±2.17 8.90±6.00 NR NR

DC 50 82.0 NR 38.0 NR – 50.90±7.10 −2.46±2.41 10.90±6.20 NR NR

Cancer type, stage IV, and female were reported as percentages. Age, baseline weight, final weight, weight change, final PG-SGA score, final global QoL score, and final fatigue QoL were reported as mean ± standard deviation. GI, gastrointestinal; HN, head and neck cancer; NSCLC, non-small cell lung 
cancer; N, number of participants; ONS, oral nutritional supplement; DC, dietary counseling; EPA, eicosatetraenoic acid; PG-SGA, Patient-Generated Subjective Global Assessment; global QoL, European Organization for Research and Treatment of Cancer core quality of life score (EORTC QLQ-C30) in 
global domain; fatigue QoL, European Organization for Research and Treatment of Cancer core quality of life score (EORTC QLQ-C30) in fatigue domain; USA, United States; NR, not reported. 
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GI tract cancer patients (14,21,24,27,28), three included 
head and neck cancer cases (23,25,26), two included non-
small cell lung cancer patients (14,22), and 1 selected only 
individuals with breast cancer (20). The mean percentage of 
stage IV disease from nine RCTs was 52.52% (range, 6.60% 
to 100%) (14,20-24,26-28).

Interventions

All included RCTs prescribed ONS as an intervention 
of interest for cancer patients receiving chemotherapy. 
The mean caloric intake per day was 486.20 kilocalories 
(kcal) (range, 294 to 590 kcal) and the mean total protein 
consumed per day was 21.13 grams (gm) (range, 11.9 to 
35.7 gm). Only two RCTs provided ONS with EPA formula 
(21,22). The median duration of treatment was 13.6 weeks 
(range, 6 to 52 weeks). In the control group, all the included 
RCTs provided dietary counseling as standard care for 
patients who were randomized into the control arm.

Risk of bias assessment

Nine out of ten RCTs had an overall low risk of bias, while 
one (28) was found to have a high risk due to its poor 
randomization process. The overall risk of bias of this 
systematic review and meta-analysis was low at 90%. The 
assessment of risk of bias using the RoB2 tool (16) is shown 
in Figure S1.

Primary outcomes

Final body weight
Nine of the RCTs, comprising 1,088 participants, reported 
final body weight (14,20,22-28), and ONS in patients 
receiving chemotherapy was found to not significantly 
improve final body weight when compared to DC. Pooled 
MD for final body weight was −0.07 kg (95% CI: −0.99 to 
0.84, P=0.88) with no evidence of heterogeneity [I2=0.00%, 
Q test: Chi-square 6.88, degree of freedom (DF) 8, P=0.55]. 
Results of a meta-analysis of final body weight outcomes are 
shown in Figure 2. Prespecified subgroup analysis revealed 
no statistically significant difference among all subgroups, 
as shown in Figure S2.

Change in weight
A baseline body weight imbalance was observed among the 
nine RCTs which reported final body weight. Therefore, 
the change in weight was taken as the primary outcome to 
minimize the effect of this imbalance. Nine studies with 
1,088 participants were used to determine the change in 
weight for pooling (14,20,22-28). ONS in patients receiving 
chemotherapy increased the change in weight but without 
statistical significance. Pooled MD of weight change 
was 0.90 kg (95% CI: −0.48 to 2.28, P=0.20). There was 
evidence of heterogeneity between studies (I2=91.87%, 
Q test: Chi-square 98.38, DF 8, P<0.01). The results of a 
meta-analysis of the change in weight are shown in Figure 3.

Figure 2 Forest plot for meta-analysis of oral nutrition supplement versus dietary counseling treatment on mean difference of final weight 
outcomes. N, number of participants; ONS, oral nutritional supplement; SD, standard deviation; CI, confidence interval. 

https://cdn.amegroups.cn/static/public/APM-23-558-Supplementary.pdf
https://cdn.amegroups.cn/static/public/APM-23-558-Supplementary.pdf
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Subgroup analysis identified some factors associated 
with significant increases in weight after ONS treatment  
(Figure 4). These factors were age 60 years or more, with 
pooled MD of 2.47 kg (95% CI: 0.73 to 4.21, P=0.01); 
female sex no less than 50%, with pooled MD of 2.37 kg 
(95% CI: 1.33 to 3.42, P<0.01); baseline body weight lower 
than 65 kg, with pooled MD of 2.14 kg (95% CI: 1.20 to 
3.09, P<0.01); and non-Asian ethnicity, with pooled MD 
of 1.87 kg (95% CI: 0.12 to 3.62, P=0.04). The results 
of subgroup analysis of these factors are displayed in  
Figure S3A-S3D. A moderate reduction in heterogeneity 
was observed in groups with no less than 50% female 
patients and baseline body weight less than 65 kg, but no 
reduction in heterogeneity was found in patients aged 60 
years or more and of non-Asian ethnicity. 

Risk of bias was of high concern in one study because of 
its randomization process (28). After excluding this study 
in sensitivity analysis, weight change showed a statistically 
significant improvement, with pooled MD of 1.32 kg (95% 
CI: 0.12 to 2.52, P=0.03). The results are shown in Figure 5.

Secondary outcomes

PG-SGA score
Four RCTs, comprising 292 participants, reported PG-SGA 
score (24-26,28). ONS in patients receiving chemotherapy 
achieved an improvement in PG-SGA score, with pooled 
MD of −2.13 points, but this was not statistically significant 

(95% CI: −5.07 to 0.82, P=0.16) when compared to DC. 
There was heterogeneity between studies (I2=91.00%, Q 
test: Chi-square 33.34, DF 3, P<0.01) as shown in Figure 6.  
None of these 4 RCTs had an imbalance of baseline 
nutrition score; therefore, sensitivity analysis of the PG-
SGA score was not performed.

Global domain in QoL
Five RCTs, comprising 635 participants, reported 
global QoL score according to the EORTC QLQ-C30 
questionnaire (21-24,27). The global domain QoL 
revealed a statistically significant improvement after ONS 
treatment, with pooled MD of 4.01 points (95% CI: 0.08 
to 7.94, P=0.05). There was heterogeneity between studies 
(I2=62.00%, Q test: Chi-square 10.53, DF 4, P=0.03), as 
shown in Figure 7. One RCT had baseline global domain 
QoL imbalance (21) while another did not report it (27). 
Sensitivity analysis was performed by excluding these two 
RCTs (21,27) and revealed that the benefit of ONS in terms 
of global domain QoL was more notable, with a statistically 
significant improvement of pooled MD of 6.66 points (95% 
CI: 3.86 to 9.46, P<0.01). No heterogeneity was observed 
after removing RCTs with baseline imbalance (I2=00.00%, Q 
test: Chi-square 0.22, DF 2, P=0.89), as shown in Figure S4.

Fatigue domain in QoL
Four RCTs, comprising 476 participants, reported fatigue 
QoL score using the EORTC QLQ-C30 questionnaire 

Figure 3 Forest plot for meta-analysis of oral nutrition supplement versus dietary counseling on mean difference of the change in weight 
outcomes. N, number of participants; ONS, oral nutritional supplement; SD, standard deviation; CI, confidence interval. 

https://cdn.amegroups.cn/static/public/APM-23-558-Supplementary.pdf
https://cdn.amegroups.cn/static/public/APM-23-558-Supplementary.pdf
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Figure 4 Forest plot for subgroup analysis of oral nutrition supplement versus dietary counseling treatment on mean difference of the 
change in weight outcomes. ONS, oral nutritional supplement; MD, mean difference; CI, confidence interval; GI, gastrointestinal; HN, 
head and neck cancer; NSCLC, non-small cell lung cancer; EPA, eicosatetraenoic acid. 

(21,22,24,27). There was a significant improvement in 
fatigue domain QoL score, with pooled MD of −7.63 points 
(95% CI: −13.87 to −1.39, P=0.02). There was heterogeneity 
between studies (I2=86.02%, Q test: Chi-square  21.46, 
DF 3, P<0.01), as shown in Figure 8. One of these 
RCTs had baseline fatigue domain QoL imbalance (21),  

and one did not report it (27). Sensitivity analysis was 
performed by excluding these two RCTs, and found that 
ONS achieved greater improvement in fatigue domain 
QoL, with pooled MD of −9.68 points (95% CI: −22.55 to 
3.19, P=0.14); however, this was not statistically significant. 
There was no reduction in heterogeneity after removal of 

RCTs with baseline imbalance (I2=85.95%, Q test: Chi-
square 7.12, DF 1, P=0.01), as shown in Figure S5.

Publication bias

Publication bias assessment of primary outcome was 
evaluated by a funnel plot and Egger’s test. A funnel plot 
for overall pooling suggested there was symmetry, and 
Egger’s test showed no significant evidence of asymmetry 
[coefficient 0.97, standard error (SE) 0.74, P=0.25]. Thus, 
there was no evidence of publication bias, as depicted in 
Figure S6.
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Discussion

This systemic review and meta-analysis of ONS results 
compared to those of DC alone in cancer patients receiving 
chemotherapy did not reveal any improvement in final body 
weight. The change in weight was assessed to minimize 
imbalances in baseline body weight, and ONS achieved 
positive results in terms of this factor, notably in older 
patients, females, those with low baseline body weight 
and non-Asian patients. After adjustment for high risk of 
bias, ONS obtained a statistically significant increase in 
weight change. There was some disagreement between 

our results and those of a prior meta-analysis conducted in 
2018 (15), which suggested that ONS achieved a significant 
positive effect on change body weight. There were several 
differences between these two meta-analyses. First, this 
study included only RCTs that directly compared standard 
of care with or without ONS whereas in the previous meta-
analysis, ONS was allowed to be the control arm. Secondly, 
all patients in this meta-analysis received chemotherapy, 
whereas it was not a requisite in the prior study. This meta-
analysis also included six RCTs that were published after 
2016. As final body weight and the change in weight may 

Figure 5 Forest plot for sensitivity analysis of oral nutrition supplement versus dietary counseling treatment on mean difference of the 
change in weight outcomes. N, number of participants; ONS, oral nutritional supplement; SD, standard deviation; CI, confidence interval. 

Figure 6 Forest plot for meta-analysis of oral nutrition supplement versus dietary counseling on mean difference of PG-SGA outcomes. N, 
number of participants; ONS, oral nutritional supplement; SD, standard deviation; CI, confidence interval; PG-SGA, Patient-Generated 
Subjective Global Assessment. 
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Figure 7 Forest plot for meta-analysis of oral nutrition supplement versus dietary counseling treatment on mean difference of global domain 
QoL outcomes. N, number of participants; ONS, oral nutritional supplement; SD, standard deviation; CI, confidence interval; QoL, quality 
of life.

Figure 8 Forest plot for meta-analysis of oral nutrition supplement versus dietary counseling treatment on mean difference of fatigue 
domain QoL outcomes. N, number of participants; ONS, oral nutritional supplement; SD, standard deviation; CI, confidence interval; 
QoL, quality of life.

not be very different in routine clinical practice, both meta-
analyses confirmed ONS’s positive impact on body weight. 

Our study demonstrated that ONS had a particularly 
positive effect in elderly, female and low baseline body 
weight patients, which was probably because these 
patients were at a higher risk of malnutrition, as elderly 
patients tend to have a smaller appetite and consume 
fewer calories (29). Interestingly, non-Asian patients 
tended to benefit from ONS more than Asians. A previous 
population-based study showed that the mean BMI levels 
of Asian men and women were 21.4 and 21.8 kg/m2,  
respectively compared to 32.2 and 34.8 kg/m2 in American 
and European men and women (30). Additionally, 
Americans and Europeans consumed an average of 300 
more kilocalories per person per day compared to their 

counterparts in other regions (31). It is well established that 
cancer patients receiving chemotherapy often experience a 
loss of appetite due to a variety of factors (32-34); taking this 
into account, ONS may more effectively fill the energy gap 
in non-Asian cancer patients receiving chemotherapy than 
in Asian patients. 

This study was the first meta-analysis to assess nutritional 
status using a PG-SGA. Although ONS enhanced PG-SGA 
status, the improvement was not statistically significant, 
probably because calorie intake was not the only factor 
affecting nutritional status in cancer patients. Other factors 
that may influence the effectiveness of ONS include type of 
cancer, patient co-morbidities, treatment compliance, the 
effectiveness of dietary counseling, and patient preferences. 
Three meta-analyses, including our research, have 
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demonstrated that ONS significantly improves global QoL 
score (35), and in our study, fatigue domain QoL scores also 
tended to improve as a result of ONS. 

The strengths of this study included its inclusion of 
recent RCTs and a focus on the sole effectiveness of ONS 
in cancer patients receiving chemotherapy. Moreover, this 
meta-analysis examined a range of outcomes, including 
weight, nutritional status, and QoL and also explored 
subgroups of patients with particular interests. Its limitation 
was the lack of oncologic outcomes, including progression-
free survival, overall survival, or treatment-related side 
effects. This study was also unable to determine the benefit 
of EPA formula because only two RCTs evaluated this 
factor. There was limited data on baseline pre-cachexia 
and cachexia from the selected RCTs. Only four RCTs 
reported baseline nutrition status of patients, making it 
unable to perform a subgroup analysis based on baseline 
nutrition scores. Therefore, the benefit of ONS for specific 
malnourished patients receiving chemotherapy could not be 
fully assessed in this study. 

Conclusions 

This systematic review and meta-analysis suggested that 
ONS may increase weight change in cancer patients 
receiving chemotherapy. The positive impact of ONS 
on the change in weight was particularly noticeable in 
elderly patients, those with low baseline body weight, 
females, and non-Asian patients. This study also identified 
ONS’s positive impact on PG-SGA scores as well as its 
role in significantly improving patients’ QoL. Based on 
these findings, ONS may be beneficial for cancer patients 
receiving chemotherapy, particularly those at high risk of 
malnutrition.
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Table S1 Search strategy in PubMed

Domain Subdomain Search number Search form

P P1 adult cancers patients 1# “Cancer” OR “oncology” OR “neoplasm” OR “carcinoma” OR 
“malignant” [All fields]

2# “pediatric” OR “children” OR “child” [All fields]

3# 1# NOT 2# 

P2 receiving chemotherapy 4# (chemotherap*) [All fields]

Summary of P domain 5# 3# OR 4#

I and C Oral nutritional supplement 6# “Nutritional supplement” OR “oral nutritional supplement” OR “oral 
supplement” OR “oral nutrition” OR “dietary intervention” OR “nutritional 
intervention” [All fields]

Nutritional Counseling 7# “Nutritional Counseling” OR “dietary counseling” OR “nutritional 
advice” OR “dietary advice” OR “nutritional recommendation” OR 
“dietary recommendation” [All fields]

Summary of I and C 8# 6# OR 7#

Summary P + I/C 9# 5# AND 8#

Table S2 Search strategy in OVID

Domain Subdomain Search number Search form

P P1 adult cancers patients 1# “Cancer” OR “oncology” OR “neoplasm” OR “carcinoma” OR “malignant” 
[All fields]

2# “pediatric” OR “children” OR “child” [All fields]

3# 1# NOT 2# 

P2 receiving chemotherapy 4# (chemotherap*) [All fields]

Summary of P domain 5# 3# OR 4#

I and C Oral nutritional supplement 6# “Nutritional supplement” OR “oral nutritional supplement” OR “oral 
supplement” OR “oral nutrition” OR “dietary intervention” OR “nutritional 
intervention” [All fields]

Nutritional Counseling 7# “Nutritional Counseling” OR “dietary counseling” OR “nutritional advice” 
OR “dietary advice” OR “nutritional recommendation” OR “dietary 
recommendation” [All fields]

Summary of I and C 8# 6# OR 7#

Summary P + I/C 9# 5# AND 8#

Supplementary
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Figure S1 Risk of bias assessment according to the ROB2 algorithm.
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Figure S2 Forest plot for subgroup analysis of ONS vs. dietary counseling treatment on mean difference of final weight outcomes. ONS, 
oral nutritional supplement; MD, mean difference; CI, confidence interval; GI, gastrointestinal tract cancer; HN, head and nek cancer; 
NSCLC, non-small cell lung cancer; EPA, eicosatetraenoic acid.
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Figure S3 Forest plot for subgroup analysis of ONS vs. dietary counseling on mean difference of change in weight outcomes in the 
following subgroups: (A) non-Asian region, (B) age more than 60 years old, (C) female patients 50% or more, (D) baseline bodyweight less 
than 65 kg. N, number of participants; ONS, oral nutritional supplement; SD, standard deviation; CI, confidence interval. 

Figure S3A
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Figure S3C

Figure S3D
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Figure S6 Funnel plot. CI, confidence interval.

Figure S4 Sensitivity analysis of ONS vs. dietary counseling on global domain QoL outcomes (RCTs with baseline imbalance were 
excluded). N, number of participants; ONS, oral nutritional supplement; SD, standard deviation; CI, confidence interval; QoL, quality of 
life; RCTs, randomized controlled trials.

Figure S5 Sensitivity analysis of ONS vs. dietary counseling on fatigue domain QoL outcomes (RCTs with baseline imbalance were 
excluded). N, number of participants; ONS, oral nutritional supplement; SD, standard deviation; CI, confidence interval; QoL, quality of 
life; RCTs, randomized controlled trials.
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