Support Care Cancer
DOI 10.1007/s00520-017-3908-0

REVIEW ARTICLE

A systematic review of integrative clinical trials for supportive
care in pediatric oncology: a report from the International Society
of Pediatric Oncology, T&CM collaborative
Andrea L. Radossi 1 & Katherine Taromina 1 & Stacey Marjerrison 2 & Caroline J. Diorio 2 &
Raquel Similio 1 & Festus Njuguna 3 & Glenn M. Afungchwi 4 & Elena J. Ladas 5

Received: 23 March 2017 / Accepted: 25 September 2017
# Springer-Verlag GmbH Germany 2017

Abstract
Purpose Traditional and complementary medicine (T&CM)
use in children with cancer is well established among highincome, upper middle-income, low-middle-income, and lowincome countries (HIC, UMIC, LMIC, LIC, respectively). In
HIC, a developing body of evidence exists for several T&CM
therapies; however, evidence in other income settings is less
well described despite a significantly higher use when compared to reports from HIC. The aim of this systematic review
was to evaluate the evidence for T&CM for a variety of supportive care indications among children with cancer.
Methods We performed a systematic review following the
PRISMA guidelines of randomized, controlled clinical trials
from inception through September 2016. Our eligibility
criteria were limited to T&CM studies performed in children
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and adolescents undergoing treatment for a pediatric
malignancy.
Results Of 6342 studies identified, 44 met inclusion criteria.
Two clinical trials reported on acupuncture, 1 reported on
aromatherapy, 9 evaluated massage therapy, and 32 reported
on dietary supplements. Twenty-two studies were performed
in HIC, 15 in UMIC, and 7 in LMIC. T&CM therapies were
most commonly investigated for the prevention or management of mucositis, weight loss, and febrile neutropenia.
Encouraging results were reported for select interventions;
however, the majority of studies were classified as poor to fair
quality.
Conclusion Our search revealed numerous clinical studies investigating the use of T&CM for supportive care purposes in
pediatric oncology in HIC, UMIC, and LMIC. Although limited, these results could inform supportive care resource allocation and indicate where T&CM may serve to fill gaps where
access to care may be limited.
Keywords Traditional and complementary medicine .
Integrative medicine . Pediatric oncology . Supportive care .
Symptom management

Background
The global incidence of childhood cancer has observed a
steady increase in the last decade likely due to increased access to treatment and improved reporting of childhood cancer
[1]. Traditional and complementary medicine (T&CM) is a
globally utilized supportive care tool in children undergoing
treatment for malignancies in countries of all income levels [2,
3]; however, there is a general consensus that the evidence
supporting its efficacy remains unclear for most indications.
The lack of demonstrated safety and efficacy, the potential for
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adverse interactions with prescribed therapy, the delays in
seeking conventional treatment, and the risk of diminishing
the high cure rate obtained for several pediatric malignancies
have raised concerns about T&CM use [4–7].
T&CM has the potential be a low-cost adjunct to existing
supportive care regimens and may be especially useful in lowmiddle-income countries (LMICs) where consistent access to
supportive care medications may be limited [8]. There is a
precedent of utilizing T&CM as a low-cost approach for closing gaps in medical care in LMICs, particularly in rural areas
[9–12]. It is evident that additional research in T&CM is necessary prior to its inclusion into supportive care regimens in
pediatric oncology. To this end, we describe the results of a
systematic review of clinical trials that investigated the efficacy of T&CM therapies for supportive care indications in childhood cancer.

Data extraction
Extracted data of interest included country of publication,
year, demographic data (gender and age), diagnosis, study
design, conventional cancer treatment, T&CM intervention
(time in relation to phase of cancer therapy, dose, and duration
of intervention), sample size, method of randomization, primary and secondary outcomes, statistical methods, and results. Data were extracted by one author (AR) and independently verified by a second author (EJL) using a standard data
extraction sheet. Quality scores were calculated for eligible
studies using the National Institute of Health’s Quality
Assessment Tool for Controlled Intervention Studies, a 14point scale that identifies the quality of randomized, controlled
trials (Online Resource 2) [15]. The criteria for assessing study
quality were adapted from previously published studies [16,
17]. Two reviewers (AR and EJL) extracted data for determination of study quality.

Methods

Data synthesis and analysis

Literature search

Due to the heterogeneity of the data and a small number of
clinical trials evaluating a single T&CM therapy, a formal
statistical analysis was not feasible. Study descriptives were
extracted and summarized in table format (Tables 1, 2, 3, and
4). Within each table, studies were further classified by study
outcomes and by the income level of the country in which the
study was performed.

Our methodology followed the guidelines set forth by the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) [13]. Our search strategy included MeSH terms and text related to pediatrics, oncology, and T&CM (Online Resource 1). Our search was
limited to studies of human subjects without any language
restriction. All references were compiled into an EndNote
(X7) library for review of titles and abstracts by two independent authors (AR and KT). Subsequent manual review of citations was performed with the inclusion of
additional manuscripts that met the eligibility criteria below. Any disagreement was resolved by a final consensus
(AR, KT, and EJL).

Eligibility criteria
Published manuscripts that reported on randomized, controlled, clinical trials that evaluated a T&CM therapy for supportive care purposes, performed among children and adolescents from birth to 18 years of age (inclusive), and diagnosed
with a pediatric malignancy were included. Clinical trials that
included adults were included in the systematic review if at
least 80% of study participants were 18 years of age or younger. Classification of countries by income level was defined
by criteria set forth by the World Bank [14]. Studies performed
after cessation of cancer therapy, among children receiving
surgery only, and case reports/case series/non-controlled trials
were excluded. There was no exclusion by study date or date
of publication.

Results
Search strategy
A total of 6342 studies were produced in the original search
(Fig. 1). Forty-seven papers from the original search met inclusion criteria. Of these, 16 studies were removed entirely
due to inability to contact the author to clarify study details
[18–33]. Thirty-one papers from the original search were included in the review. We identified an additional 56 manuscripts following the original literature search through reference review and ongoing monthly searches. Thirteen were
eligible and included in the review [34–46]. Our final search
results included 44 papers (acupuncture (N = 2), aromatherapy
(N = 1), dietary supplements (N = 32), and massage (N = 9)).
Acupuncture
Two studies reported on acupuncture, both investigating the
effect on chemotherapy-induced nausea and vomiting
(Table 1), one of poor [47] and one of good [48] quality [47,
48]. Both studies were performed in high-income countries
(HIC) and with a small, heterogeneous population. Each study

Mixed

Reindl (2006,
Germany) [47]

HIC

Mixed

Gottschling
HIC
(2008, Germany) [48]
N = 11

N = 23

Cancer t therapy Intervention

Results

Quality
score

13M, 10F, age =
13.6 ± 2.9 years

Multicenter randomized
crossover study

VIDE, IP, I2VA, Individualized ↓ Antiemetic use (P = 0.001) Good
or I2VAd
acupuncture ↓ Episodes of retching/
vomiting (P = 0.01)
4M, 7F, median
Randomized, multicenter,
VIDE, IP, I2VA, Acupuncture ↓ Antiemetic use (P = 0.024) Poor
age = 15.2 years
prospective crossover trial
or I2VAd
Episodes of vomiting NS
(10–16.8 years)
Nausea scores NS

Study design

Ndao (2012, USA) HIC
[49]

Mixed

N = 37

Cancer therapy

Intervention

Results

Quality
score

Good
↑ State anxiety in the
Intrvn 13M, 4F, mean Double-blind,
Intrvn group: autologous Bergamot
essential oil
treatment group at
age = 11.7 ± 4.2
placebo-controlled
HCT: N = 7 (41%);
T3 (P = 0.01) and
years; Ctrl 14M,
randomized study
allogeneic HCT: N =
T4 (P = 0.05)
6F, mean age =
10 (59%); Ctrl group:
↑ Nausea in intervention
12.8 ± 5.6 years
autologous HCT: N =
group at T3 (P < 0.01)
7 (35%); allogeneic
and T4 (P = 0.03)
HCT: N = 13 (65%)
↑ Pain in intervention
group at T1/T2 (P = 0.04)

Study design

Ctrl control, F females, HCT hematopoietic cell transplant, HIC high-income country, Intrvn intervention, M males, T timepoint

Anxiety

Income level Diagnosis Sample size Gender/age

Summary of studies in aromatherapy

Outcome Author

Table 2

CINV chemotherapy-induced nausea and vomiting, F females, HIC high-income country, I2VA vincristine, ifosfamide, actinomycin D, I2VAd vincristine, ifosfamide, adriamycin, IP ifosfamide, cisplatin, M
males, NS non-significant, VIDE vincristine, ifosfamide, doxorubicin, etoposide

CINV

Income level Diagnosis Sample size Gender/age

Summary of studies in acupuncture

Outcome Author

Table 1
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HIC

HIC

Field (2001,
USA) [56]

Haun (2009,
USA) [55]

Psychosocial
outcomes

Mixed

ALL

Mixed

UMIC
Miladinia
(2015, Iran)
[39]

Batalha (2013, HIC
Portugal)
[51]

Mixed

UMIC
Mazlum
(2013, Iran)
[50]

Nausea and
vomiting

Pain

ALL

Author

N = 30

N = 20

N = 52

N = 45

N = 74

Intrvn 8M, 7F, mean
age = 10.7 years; Ctrl
7M, 8F, mean
age = 9.3 years

10M, 10F, mean
age = 6.9 years

Intrvn 12M, 10F, mean
age = 11.46
± 2.14 years; Ctrl 13M,
8F, mean age = 10.91
± 1.93 years
Intrvn 76.9% M,
median = 13.5 years;
Ctrl 46.2% M, median
age = 12 years

Intrvn 60% M; Ctrl 51.4%
M; mean age = 8.6
± 3.3 years

Income Diagnosis Sample Gender/age
Level
Size

Summary of studies in massage

Outcome

Table 3

Randomized,
non-blinded,
prospective study

NR

Swedish massage

↓ Parental anxiety
Poor
(P = 0.05)
↓ Parental depressed
mood (P = 0.01)
↓ Child anxiety (P = 0.05)
↓ Child depressed mood
(P = 0.01)
↑ WBC (P = 0.05)
↑ Neutrophils (P = 0.05)
↓ Muscle soreness
Poor
(P < 0.001)
↓ Discomfort (P < 0.001)
↓ Respiratory rate
(P < 0.000)
↓ Anxiety (P < 0.000)

Poor

Fair

Parent-administered
massage

Slow-stroke back
massage

2-group randomized CT
controlled
double-blind trial,
repeated measures
design
Prospective,
CT, antibiotics, or steroid
longitudinal,
corticoid therapy
randomized,
controlled and
single-blinded
study
Randomized, wait-list Standard medical care
control
(medical exams, RT, CT,
other medical procedures)

Fair

↓ Incidence of nausea
during 48 h
post-chemo between
groups (P = 0.027)
↓ Frequency of vomiting
after therapy
(P = 0.001)
↓ Duration of vomiting
after therapy
(P = 0.002)
↓ Severity of vomiting
after therapy
(P = 0.002)
↓ Frequency of total
vomiting (P = 0.014)
↓ Duration of total
vomiting (P = 0.002)
↓ Severity of total
vomiting (P = 0.011)
↓ Nausea severity
(P = 0.001)
↓ Frequency of vomiting
(P = 0.001)
↓ Pain interference with
ambulatory capacity
between days 1 and 6
(P < 0.05)

Swedish massage

CT

2-group randomized
controlled clinical
trial study

Quality
Score

Results

Massage

Intervention

Cancer Therapy

Study Design
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Mixed

Mixed

Mixed

Phipps (2010, HIC
USA/Canada) [52]

HIC

HIC

Phipps (2012,
USA) [53]

Post-White
(2009,
USA) [54]

60% M, age range
1–18 years

Cancer Therapy

Intervention

Results

Quality
Score

Improvement in
emotional symptoms
(P < 0.001)
Improvement in clinical
progress score
(P < 0.001)
Randomized trial
Allogeneic HCT: N = 38,
Professional or
↓ Child (P = 0.004) and Poor
autologous HCT: N = 12
parent massage
parent (P < 0.0001)
reported anxiety with
professional massage
↓ Parent-reported discomfort (P = 0.004) with
professional massage
↓ Days to engraftment in
parent massage vs.
control (P = 0.04)
Massage and humor No significant findings
Fair
Multisite, prospective, Autologous HCT: N = 31
therapy
controlled trial
(18.1%), allo-matched sibling
HCT: N = 44, 25.7%,
allo-other HCT: N = 96,
56.1%
Massage and humor No significant findings
Poor
Randomized,
Autologous HCT 18.1%,
therapy
multisite trial
allogeneic-matched sibling
HCT 25.7%, allogeneic-other
HCT 56.1%
Poor
Crossover
CT
Massage therapy vs. ↓ HR (P = 0.02)
↓ RR (P = 0.05)
quiet time
↓ Anxiety in children
1–13 at session 4
(P = 0.04)
Salivary cortisol NS

Study Design

ALL acute lymphoblastic leukemia, cont’d continued, CT chemotherapy, Ctrl control, F females, HIC high-income country, HR heart rate, Intrvn intervention, M males, NS non-significant, RR relative risk,
RT radiation therapy, UMIC upper middle-income country, WBC white blood cell

N = 25

N = 171 59.1% M, mean
age = 12.8 years
(6–18 years)

N = 178 59.1% M; 49.1%
6–12 years, 50.9%
> 12 years

20% < 6 years, 46%
6–12 years, 34%
> 12 years

Mixed

HIC

Phipps (2005,
USA) [40]

Psychosocial
outcomes
(cont’d)

N = 50

Income Diagnosis Sample Gender/age
Level
Size

Author

Outcome

Table 3 (continued)
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Bayram (2009,
Turkey) [35]
Consolo (2013,
Brazil) [70]
Naderi (2014, Iran)
[71]

Diaz (2008, Chile)
[76]
Pillai (2011, India)
[75]

Shi (2012, China)
[74b]

Appetite/weight
management

Bone mineral density

CINV (cont’d)

ALL

UMIC

Ladas (2010, USA)
[72]

Abdulrhman (2012, LMIC
Egypt) [34]
Aquino (2005, USA) HIC
[57]

Hepatic toxicity
(cont’d)

Mucositis

HIC

Elbarbary (2016,
LMIC
Egypt) [41]
Hagag (2015, Egypt) LMIC
[42]

Hepatic toxicity

UMIC

HIC

Wada (2010, Japan)
[45]

Fever and neutropenia Wada (2010, Japan)
(cont’d)
[45] (cont’d)
Gastrointestinal
Dagdemir (2004,
Turkey) [77]

HIC

LMIC

UMIC

LMIC

N = 90
N = 120

ALL
Mixed

N = 50

N = 40

ALL

ALL

N = 70

N = 35

N = 42

N = 22

N = 40

N = 80

N = 60

N = 16

N = 34

N = 38

N = 52

Sample
sizea

ALL

Mixed

Mixed

Mixed

ALL

Mixed

Newly diagnosed
bone sarcomas

ALL

Mixed

UMIC

HIC

Mixed

Diagnosis

UMIC

Income
level

Garami (2004,
Hungary) [73]

Fever and neutropenia Abdulrhman (2016,
Egypt) [38]

CINV

Author

Summary of studies in dietary supplements

Outcome

Table 4
Study design

Intrvn 12M, 10F, median age = 8.7 years (3–16 years); Ctrl
8M,
5F, median age = 9.2 years (2.5–16 years)
Intrvn 18M, 17F, mean age = 8.4 ± 3.3 years (4–16 years);
Ctrl 21M, 14F, mean age = 7.1 ± 3.1 years (3–15 years)
Intrvn 15M, 5F, mean age = 8.84 ± 3.56 years
(5–12 years);
Ctrl 13M, 7F, mean age = 9.34 ± 3.28 years
(4–13 years)
58% M; Intrvn mean age = 8.7 ± 5.1 years; Ctrl mean
age =
7.0 ± 3.2 years
57M; mean age = 6.9 ± 3.8 years (2–18 years)

Intrvn 24M, median age = 15.5 years (9–21 years); Ctrl
16M,
median age = 15.83 years (9–21 years)
Intrvn 20M, 20F, mean age = 3.0 ± 1.8 years; Ctrl 26M,
14F,
mean age = 4.0 ± 2.3 years
50% M; group A mean age = 5.1 ± 2.5 years
(2.5–10 years);
group B mean age = 5.65 ± 2.24 years (2.5–10 years)
8M; Intrvn mean age = 11 years (2–17 years); Ctrl mean
age
= 10.6 years (2–18)
Intrvn 7M, 11F, 1 year 2 months–13 years 2 months (mean/
median age not specified); Ctrl 9M, 13F, 1 year
1 month—
13 years 4 months (mean/median age not specified)

Double-blind randomized placebo-controlled
trial

Randomized controlled clinical phase II trial

Randomized, controlled, double-blind pilot trial

Double-blind, randomized placebo-controlled
trial
Randomized controlled trial

Randomized, otherwise not reported

Single-blinded, placebo-controlled trial

Open-label, matched-pair pilot clinical trial

Open-label, randomized crossover clinical trial

Not reported

Prospective, double-blind, randomized,
controlled, single institutional trial

Intrvn 63.6% M, Ctrl 52.6% M; mean age = 7.5 ± 3 years Prospective, randomized, controlled,
single-center, open-label design
53% M; mean age = 9.9 ± 5.5 years
Double-blind, randomized, placebo-controlled
trial
Randomized controlled trial
Intrvn 3M, 14F; mean age = 5.79 ± 3.97 years
(1–13 years);
Ctrl 11M, 6F, mean age = 7.17 ± 3.66 years (6 months–
14 years)
9M; mean age = 5.5 years (1.7–11.5 years)
Non-blinded, quasi-randomized trial

Gender/age
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Income
level

Uderzo (2011, Italy)
[63]
Yildirim (2013,
Turkey) [64]
Bradfield (2015,
USA) [43]
B cell non-Hodgkin
lymphoma
Mixed

UMIC

Mixed
Mixed
Mixed
Mixed
Mixed

LMIC
UMIC
UMIC
UMIC
UMIC

HIC

Mixed

HIC

Series of N of 1, double-blinded, randomized
controlled trials
Double blind, randomized, placebo-controlled
trial

International multicenter, double-blind,
placebo-controlled randomized trial

Randomized, placebo-controlled, double-blind
clinical trial
Crossover trial

Prospective, randomized trial

Single-blind controlled trial

Prospective randomized trial

Study design

LL group 10M, 7F, mean age = 7.6 years; ST group 13M, Randomized, double-blind, placebo-controlled,
6F, mean age = 8.0 years
crossover trial
N = 60 Intrvn 19M, 11F, mean age = 4.43 ± 2.47 years; Ctrl 20M, Prospective cohort trial
10F, mean age = 2.80 ± 1.69 years
N = 167 Intrvn 45M, 38F, mean age = 3.7 ± 2.3 years; Ctrl 48M,
NR
36F, mean age = 3.83 ± 2.61 years

N = 34

Randomized, placebo-controlled, double-blind
N = 250 Intrvn: stratum 1 14M, 12F, mean age = 9.1 ± 5.6 years,
clinical trial
stratum 2 67M, 34F, mean age = 8.4 ± 4.7 years; Ctrl:
stratum 1 12M, 11F, mean age = 8.8 ± 5.5 years, stratum
2 57M, 42F, mean age = 8.5 ± 4.8 years
N = 94 Intrvn 37M, 17F, mean age = 7.42 ± 3.85 years; Ctrl 30M, Randomized, single-blinded, placebo-controlled
10F, mean age = 6.78 ± 4.21 years
clinical trial
N=8
3M, median age = 7 years (6–13 years)
Crossover trial

Intrvn 11M, 8F, mean age = 6.7 ± 5.3 years
(1.0–16.8 years);
Ctrl 9M, 12F, mean age = 9.3 ± 6.6 years
(1.0–18.8 years)
N = 120 Intrvn 70% M, mean age = 8.0 years (0.9–18.6 years); Ctrl Prospective, randomized, double-blind,
67.2% M, mean age = 8.4 years (0.4–18.6 years)
controlled trial
N = 12 10M, 2F; median age = 72 months (48–120 months)
Crossover trial

N = 50

Mixed

HIC

N = 21

Mixed

Mixed

UMIC

N = 30

Intrvn 65% M, mean age = 8.9 ± 1 years; Ctrl 57% M,
mean age
= 10.5 ± 0.6 years
Group A (topical vit. E) mean age = 5.75 years; group B
(systemic vit. E) mean age = 9.30 years
Group 1 19M, 5F, mean age = 8.98 ± 2.58 years; group 2
(vit. E) 18M, 6F, mean age = 9.29 ± 2.58 years; group 3
(pycnogenol): 20M, 4F, mean age = 9.48 ± 2.53 years
Intrvn 5M, 5F, mean age = 7.7 ± 4.4 years; Ctrl 5M, 5F,
mean age = 8.7 ± 5.2 years
Intrvn 53% M, mean age = 10.1 ± 7.0 years; Ctrl 60% M,
mean age = 9.7 ± 5.7 years
Mean age = 9.86 ± 5.38 years

Gender/age

Mixed

Mixed

HIC

N = 20

N = 72

N = 80

Sample
sizea

N = 195 Intrvn 56% M, median age = 12 years (3–24 years); Ctrl
70%
M, median age = 11 years (3–25 years)
N = 16 Median age = 12.7 years (6.4–15.1 years)

Mixed

Mixed

NR

Diagnosis

HIC

Sung (2007, Canada) HIC
[65]
Tomazevic (2013,
HIC
Slovenia) [62]

Kokkonen (2002,
Finland) [59]
Oberbaum (2001,
Israel) [37]
Okur (2006, Turkey)
[60]
Sencer (2010, USA)
[61]

El-Housseiny (2007, LMIC
Egypt) [36]
Khurana (2013,
UMIC
Turkey) [58]

Author

Neurotoxicity (cont’d) Mokhtar (2010,
Egypt) [44]
Treatment-related
Tacyildiz (2010,
toxicities
Turkey) [66]
Rocha (2016, Brazil)
[46]
Treatment-related
Shi (2007, China)
toxicities (cont’d)
[68]
Shi (2012, China)
[67a]
Treatment-related
Shi (2012, China)
toxicities (cont’d)
[67a] (cont’d)

Neurotoxicity

Mucositis (cont’d)

Mucositis (cont’d)

Outcome

Table 4 (continued)
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Income
level

Zinc chelate; 2 mg/kg/day of zinc (max
60 mg/day)
PediaSure (100–150 cm3 every other day) and
carnitine (50 mg/kg everyday)
Calcitriol (< 30 kg: 0.25 mg/day; > 30 kg:
0.5 mg/day)

CT

CT

Fever and
neutropenia

CINV (cont’d)

CINV

↓ Loss of body wt (P = 0.001) and loss of BMI
(P = 0.002) at 3 months↓ Weight loss at 6 months
(P = 0.03)↓ Body wt loss (P = 0.006) and BMI loss
(P = 0.018)↑ Remission rate at 3 months (P = 0.036)
↑ Weight gain (P = 0.032)Significant difference between
group A and group B regarding infectious episodes was
observed (P = 0.02)
NS effect on anthropometric measures

Results

Protocol 1 PINDA phase 1

↑ Lumbar spine BMD in children with lower initial BMD
in the calcitriol group vs. higher initial BMD
(r = − 0.78, P = 0.020)
Combination of cisplatin 40 mg/m2/day and doxorubicin
Ginger root powder (≥ 20 and < 40 kg: 1000 mg; ↓ Moderate to severe nausea (P = 0.003)↓ Moderate to
25 mg/m2/day
≥ 40 and < 60 kg: 2000 mg)
severe vomiting (P = 0.002)↓ Moderate to severe
delayed nausea (P < 0.001)↓ Moderate to severe
delayed vomiting (P = 0.022)
CT
Hewei Zhiou Recipe (fresh common reed rhizome ↓ Vomiting by end of second to sixth therapeutic course
30 g, fresh bamboo shavings 4–6 g, fresh
(P < 0.01)
ginger 3 pieces, Chinese date 3 pieces)
Modified CCG 1991 protocol for standard-risk ALL and on Honey (2.5 g/kg body wt, twice weekly)
↓ Number of patients with FN (P = 0.037)
maintenance therapy
↓ FN episodes (P = 0.004)
↓ Duration of hospital stay (P = 0.006)
↓ Number of patients who developed FN during
intervention (P = 0.00004)
Avemar (6 g/m2 dissolved in water, twice daily) ↓ Neutropenic episodes (P = 0.037)↑ WBC counts
Cerebral PNET: carboplatin, cyclophosphamide,
dactinomycin, doxorubicin, epirubicin, etoposide,
(P < 0.021)↑ Lymphocyte counts (P < 0.001)
ifosfamide, vincristine; osteosarcoma: carboplatin,
cisplatin, doxorubicin, ifosfamide, methotrexate;
hepatoblastoma: cisplatin, doxorubicin; mesenchymal
chondrosarcoma: cyclophosphamide, doxorubicin,
etoposide, ifosfamide, vincristine
↓ Frequency (P = 0.02) and duration (P = 0.02) of febrile
CT
Bifidobacterium breve strain Yakult (109 in 1 g
preparation, 3 times per day)
episodes
↓ Proportion of patients who developed fever (RR 0.65)
↓ Cumulative length of parenteral antibiotic therapy
(P = 0.04)

Protein and energy-dense EPA-containing oral
supplement; 300 kcal, 16 g protein, 1.09 g
EPA twice a day

CT

Bone mineral
density

Study design

Fair

Fair

Fair

Fair

Good

Poor

Good

Fair

Fair

Quality
Score

LL group 10M, 9F, mean age = 8.2 years; ST group 12M, Randomized, double-blind, placebo-controlled,
8F, mean age = 7.4 years
phase II crossover trial

Gender/age

Supplement/dose

N = 39

Sample
sizea

Appetite/weight
management

Mixed

Diagnosis

Cancer therapyb

Vieira (2015, Brazil) UMIC
[69]

Author

Outcome

Outcome

Table 4 (continued)
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HDMTX

MTX-including treatment protocols

Fever and
neutropenia
(cont’d)
Gastrointestinal

Hepatic toxicity

BFM-90 (standard risk, consolidaton phase)

Mucositis

↓ Proportion of those who used parenteral antibiotic (RR
0.75)

Results

↓ D-Xylose absorption in control vs. intervention
(P = 0.033)↓ D-Xylose in control group with lower
RBP at baseline compared to trial group (P = 0.004)
Omega-3 fatty acids (1000 mg fish oil—180 mg ↓ Total and direct bilirubin, ALT, AST, ALP, GGT, MDA
EPA, 120 mg DHA)
(P < 0.001)
↑ Uric acid (P = 0.004)
↑ TAC, SOD, and GPX (P < 0.001)
Black seed oil (80 mg/kg/day)
↓ Total (P = 0.000) and direct (P = 0.000) bilirubin
↓ Indirect bilirubin (P = 0.000)
↓ Serum ALT (P = 0.000)
↓ Serum AST (P = 0.000)
↓ Alkaline phosphatase (P = 0.000)
↓ Prothrombin time (P = 0.01)
↓ Relapse and death (P = 0.029)
↑ Complete remission (P = 0.029)
↓ AST (P = 0.04)5 patients in MT group and no patients in
Milk thistle (1:2 mixture of silibinin and soy
placebo group had greater than a 50% reduction in total
phosphatidylcholine); 240 mg milk thistle
bilirubin during intervention period (P < 0.007)
(80 mg silibinin)
↓ Grade 2 mucositis recovery time in honey group
Honey; 0.5 g/kg (max 15 g) 3 times
(P < 0.05)↑ Grade 3 mucositis healing time in honey
daily × 10 days or until healedHOPE;
0.25 g/kg 3 times daily × 10 days or until
and HOPE vs. control (P < 0.01)
healed vs. controls (benzocaine gel)
↑ Healing time with honey alone in grades 2 and 3
mucositis vs. control (P = 0.0005) or HOPE
(P = 0.0056)
Glutamine; 2 g/m2/dose (max 4 g); twice daily
↓ Morphine use (P = 0.03)↓ TPN use (P = 0.01)
Vitamin E; 100 mg twice daily
No significant findings
Vitamin A (180,000 IU/day)

Supplement/dose

Mucositis (cont’d) ALL: induction or delayed intensification; AML: induction Vitamin E; 200 mg/day, 3 times
↑ Number of patients who healed completely with vitamin
or intensification; NHL: MCP-842
daily × 1 weekPycnogenol; 1 mg/kg per day, 3
E than pycnogenol or control (P value NR)
times daily × 1 week
Significant difference in WHO mucositis grading between
group 1 (control) and group 2 (vit. E) (P < 0.0001)
Protocol of the NSPHO; MOPP, ABVD; LBM-89,
Vitamin A; 10 mg/kg × first 3 weeks,
No significant findings
BFM-90; IRS-III; NWTS-4
5 mg/kg × next 3 weeks
Allogeneic or autologous HCT
Traumeel S; 2.2 mL five times daily
↓ Symptom duration and severity (P < 0.01)↓ Time to
worsening of symptoms (P < 0.001)
NS differences between gln course and non-gln course on
BEP; BB24, CC, mini-BEAM; ABVD; A3; P-IV; HDMTX; Glutamine; 4 g/m2/day
first and fifth days↓ Need for antibiotic therapy in gln
EVAII; HTP
group vs. control (P = 0.03)
Myeloablative HCT (allogeneic or autologous)
Traumeel S; 2.2 mL five times daily
Trend towards ↓ narcotic use in Traumeel group (P = 0.02)
No other significant findings
Mucositis (cont’d) Doxorubicin-containing CT
Topical vitamin E 800 mg
No significant findings

CT

Autologous or allogeneic HCT with TBI or MTX

MTX, 6-MP, VCR

Hepatic toxicity
(cont’d)

MTX-including treatment protocols

Cancer therapyb

Outcome

Table 4 (continued)
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Good

Poor

Good

Fair

Fair

Good
Poor

Fair

Good

Fair

Good

Poor
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VCR

Neurotoxicity
(cont’d)

Selenium glycinate (0–6 months, 27 μg/day,
7–12 months, 36 μg/day, 1–3 years,
36 μg/day, 4–8 years, 54 μg/day, 9–13 years,
72 μg/day, 14–18, 100 μg/day
Treatment-related CT ± RT: phase II: VCR, CTX, ADM, ACTD, 5-FU;
Various Chinese herbs according to syndrome
toxicities
phases III and IV: VCR, CTX, ADM, DDP, Vp16, BLM
differentiation (decocted twice, 50 mL per time
(cont’d)
for children < 3 years, 100 mL per time for
children > 3 years, BID
Phase II: VCR, CTX, ADM, ACTD, 5-FU; phases III and Fuzheng Jianpi Decoction (50–100 mL BID)
IV: VCR, CTX, ADM, DDP, Vp16, BLM

Treatment-related ICE, A5, A3, ACC, VCR-carbopolatin, CTX, paclitaxel,
toxicities
paclitaxel + RT, irinotecan + temozolamide,
temozolamide + COPP + VCR-carboplatin,
irinotecan + RT
CT

Stratum1: VCR; Stratum 2: VCR + steroids

Propolis; 0.38 g twice daily
Glutamine; 0.4 g/kg/day
Glutamine; 0.4 g/kg/day

CT
Allogeneic HCT
BFM-90

Results

↓ Nausea and vomiting at 6 months (P = 0.001) and
1 year (P = 0.001)
↓ Anorexia at 6 months (P = 0.000) and 1 year
(P = 0.000)
↓ Weakness at 6 months (P = 0.014) and 1 year
(P = 0.001)
↓ Weight loss at 6 months (P = 0.003) and 1 year
(P = 0.017)
↓ Constipation at 6 months (P = 0.002)
↓ Pain at 1 year (P = 0.04
↓ 2 and 3-year psychological (P < 0.05) and general
symptom scores (P < 0.01) compared with 1 year
↓ 2 and 3-year somatic and psych functions and general
symptom scores (all P < 0.05)

↑ Neutrophil count in ST group (P = 0.0192)
↑ IgA (P = 0.0051) and IgG (P = 0.0055) in ST vs. LL
patients after Se use
↑ IgA production after Se in ST vs. LL group (P = 0.0011)
↑ WBC (P < 0.01)
↓ PLT (P < 0.05)
↓ Clinical symptom scores (P < 0.01)

No significant findings
No significant findings
No significant findings
L-Glutamic acid (250 mg capsules, 1 capsule for No significant findings
body surface < 1 m2, 2 capsules for ≥ 1 m2; 3
times daily
Glutamic acid (1.5 g daily in 3 divided doses)
↓ Reduction of tendon Achilles reflex at third (P = 0.01)
and fourth visits (P = 0.004)
↓ Reduction in patellar reflex at third and fourth visits
(P = 0.008)
↓ Paresthesias (P = 0.01)
↓ Constipation (P = 0.02)
↓ Rate of constipation development (P value NR)
↓ Neurotoxicity sum score at second (P = 0.01), third
(P = 0.000), and fourth (P = 0.000) visits
Changes in anxorexia and strength NS
Genistein (0.30 g/tablet: 82% soy isoflavone
No significant findings
extract + 2.7% (8 mg) genistein)

Supplement/dose

Cancer therapyb

Neurotoxicity

Outcome

Table 4 (continued)
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Fair

Poor

Poor

Fair

Fair
Good
Fair
Fair
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CT

Cancer therapyb

Selenium (0–6 months = 27 μg/day;
7–12 months 36 μg/day;
1–3 years= 36 μg/day;
4–8 years = 54 μg/day;
9–13 years = 72 μg/day;
14–18 years = 100 μg/day)

Supplement/dose
↓ 2-year somatic and psych functions (P < 0.05)
↓ 3-year psych functions and general symptoms scores
(P < 0.05)
↑ WBC (P < 0.01) and Hb (P < 0.05) at 6 months
↑ WBC (P < 0.01) and PLT (P < 0.05) at 1 year
↑ Physical function
↓ Nausea (P = 0.0036) and appetite loss (P = 0.028) in ST
group
↓ Fatigue in ST group at 1 year (P = 0.0289)
↓ AST (P = 0.0447)
↓ Serum creatinine
↓ Serum urea

Results

Fair

Quality
Score

b

a

When indicated, protocol provided in table. Otherwise chemotherapy ± radiation

Sample size = number randomized

μg micrograms, 5-FU 5-fluorouracil, 6-MP 6-mercaptopurine, A3 vincristine, adriamycin, dacarbazine, iphosphamide, A5 cisplatin, cyclophosphamide, etoposide, ABVD adriamycin, bleomycin,
vinblastine, dacarbazine, ACC adriamycin, cisplatin, etoposide, mitotane, ACTD dactinomycin, ADM adriamycin, ALL acute lymphoblastic leukemia, ALP alkaline phosphatase, ALT alanine aminotransferase, AML acute myeloid leukemia, AST aspartate aminotransferase, BB24 dexametasone, vincristine, methotrexate, cyclophosphamide, doxorubin, BEP bleomycin, etoposide, cisplatin, BFM-90 BerlinFrankfurt-Munster protocol, BID twice a day, BLM bleomycin, BMD bone mineral density, BMI body mass index, CC dexametosone, vincristine, citarabine, vepeside, cc cubic centimeters, CCG 1991
Children’s Cancer Group 1991, cont’d continued, COPP cyclophosphamide, vincristine, procarbazine, prednisone, CT chemotherapy, Ctrl control, CTX cyclophosphamide, DDP cisplatin, DHA
docosahexaenoic acid, EPA eicosapentaenoic acid, EVAII etoposide, vincristine, adriamycin, iphosphamide, F females, FN febrile neutropenia, g grams, GGT gamma-glutamyl transpeptidase, GPX
glutathione peroxidase, Hb hemoglobin, HCT hematopoietic cell transplant, HDMTX high-dose methotrexate, HIC high-income country, HOPE honey, olive oil-propolis extract and beeswax, HTP
cisplatin, adriamycin, gln glutamine, ICE ifosfamide, carboplatin, etoposide, IgA immunoglobulin A, IgG immunoglobulin G, Intrvn intervention, IRS-III Third Intergroup Rhabdomyosarcoma Study, IU
international units, LBM-89 Lymphome Malins de Burkitt, LL leukemia/lymphoma, LMIC low-middle-income country, kcal kilocalories, kg kilograms, M males, m meters, max maximum, MCP-842
mitoxantrone, chlorambucil, prednisolone, MDA malondialdehyde, mg milligrams, mini-BEAM carumustine, etoposide, citarabine, melphalan, mL milliliters, MOPP mustargen oncovin procarbazine
prednisone, MT milk thistle, MTX methotrexate, NHL non-Hodgkin lymphoma, NR not reported, NS non-significant, NSPHO Nordic Society for Pediatric Hematology and Oncology, NWTS-4 National
Wilms’ Tumor Study-4, P-IV actinomycin, vincristine, PINDA Programa Infantil de Drogas Antineoplásicas de Chile, PLT platelets, PNET primitive neuroectodermal tumor, RBP retinol-binding protein,
RR relative risk, RT radiation therapy, Se selenium, SOD superoxide dismutase, ST solid tumor, TAC total antioxidant capacity, TBI total body irradiation, TPN total parenteral nutrition, UMIC upper middleincome country, VCR vincristine, vit. vitamin, Vp16 etoposide, WBC white blood cell, WHO World Health Organization, wt weight

Treatment-related
toxicities
(cont’d)

Outcome

Table 4 (continued)
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Fig. 1 Results of search strategy

reported a significant decline in the use of antiemetics. One
study reported a significant decrease in episodes of retching
and/or vomiting [48].
Aromatherapy
One good-quality study investigated aromatherapy among
children undergoing hematopoietic stem cell transplantation
(HCT) (Table 2) [49]. This trial, performed in an HIC, examined the effects of bergamot essential oil on anxiety in 27
children undergoing HCT for a variety of diagnoses. The authors found increased nausea and anxiety in the aromatherapy
group compared with the control group.

therapy [39]. Six of the studies examined the effect of massage
on psychosocial outcomes [40, 52–56] and three studies on
symptom management [39, 50, 51]. Three of the trials demonstrated a statistically significant reduction in child’s anxiety
[40, 54, 56]. One study found that Swedish massage was
effective at reducing nausea and vomiting during 48 h post
chemotherapy (P = 0.027) [50], and another found that slowstroke back massage reduced nausea severity and vomiting
frequency over the course of six chemotherapy infusions
[39]. A third found that massage therapy reduced pain [51].
Swedish massage provided in the inpatient and outpatient settings reported beneficial effects on muscle soreness, discomfort, respiratory rate, anxiety, emotional symptoms, and clinical progress scores [55].

Massage
Supplements
Nine studies, all performed in HIC and upper middle-income
countries (UMIC), investigated the use of massage (Table 3)
[39, 40, 50–56]. Six studies were of poor quality [40, 51,
53–56], and three were of fair quality [39, 50, 52]. Massage
was administered in the inpatient [40, 50–55] and outpatient
[54, 55] setting and at home [56]. One paper did not report the
setting [39]. Various forms of massage therapy were provided
and included massage therapy provided by parents [56], registered nurses [51], and licensed massage therapists [40, 50,
52–55]. One study did not report the provider of massage

Thirty-two studies investigated the use of dietary supplements
for several supportive care indications (Table 4). Twelve studies examined the effects of dietary supplements on mucositis,
[34, 36, 37, 57–65], five studied treatment-related toxicities
[46, 66–69], three examined appetite and weight management
[35, 70, 71], three evaluated hepatic toxicity [41, 42, 72], three
evaluated fever and neutropenia [38, 45, 73], two studies evaluated neuropathy [43, 44], two examined chemotherapyinduced nausea and vomiting [74, 75], and one study each
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examined bone mineral density [76] and gastrointestinal
symptoms [77]. Of the 32 studies, 12 studies were performed
in HIC [37, 43, 45, 57, 59, 61–63, 65, 72, 73, 76], 13 in UMIC
[35, 46, 58, 60, 64, 66–71, 74, 77], and 7 in LMICs [34, 36,
38, 41, 42, 44, 75]. Seven papers received a quality score of
Bpoor^ [36, 46, 60, 66, 76, 77], 17 Bfair^ [34, 35, 38, 42–45,
58, 59, 62, 64, 67–70, 73, 74], and 9 Bgood^ [37, 41, 57, 61,
63, 65, 71, 72, 75]. Most studies included a wide range of
diagnoses with few studies performed among homogenous
patient populations.
The use of dietary supplements for the prevention or treatment of mucositis was the most commonly investigated supportive care indication. Glutamine (N = 4) was the most widely studied supplement for this indication; however, variable
doses, routes, and duration were studied (Table 4) [57, 60, 63,
64]. Two studies were performed in children undergoing
HCT; one showed decreased use of morphine and TPN in
children receiving glutamine [57], and the other showed no
benefit [63]. The other two studies found decreased antibiotic
use in the glutamine group [60], while the other reported no
significant findings [64].
Three studies evaluated vitamin E for the prevention [65]
and treatment [36, 58] of mucositis. One study found a significant improvement in mucositis scores [58]; the other two
reported no significant findings [36, 65]. Vitamin A was evaluated for the prevention of mucositis and did not report significant results [59]. Finally, honey was found to reduce the
recovery time of mucositis when compared to a mixture of
honey, olive oil-propolis extract and beeswax, or control [34].
The use of propolis, a bee resin, alone did not produce any
significant results [62]. The first T&CM clinical trial conducted through Children’s Oncology Group (COG) [61] administered Traumeel S or placebo to 200 children undergoing HCT.
The authors did not find a significant effect on mucositis;
however, a trend in the reduction in the administration of
narcotics was observed.
Several studies examined T&CM therapies for a variety of
treatment-related toxicities. Genistein [66] did not report significant effects, whereas beneficial effects were observed for
selenium [46, 69]. One study examined Fuzheng Jianpi
Decoction, a mixture of several different herbal remedies,
and found improvement in anorexia, weakness, weight loss,
constipation, pain, and somatic and psychological functioning
[67]. Another study found a benefit on white blood cell
(WBC) count and clinical symptom scores with various and
individualized Chinese herbs [68].
Three studies addressed appetite and weight management [35, 70, 71]. Zinc chelate (2 mg/kg/day) significantly prevented weight loss, while also decreasing the
number of infectious episodes [70]. An energy-dense
eicosapentaenoic acid supplement (1 g BID) significantly decreased loss of body weight and body mass index
[35]. A study evaluating PediaSure® and carnitine

revealed no significant impact on anthropometric measures [71].
Three studies evaluated hepatic toxicity [41, 42, 72]. A
small, multicenter pilot study found that milk thistle significantly decreased aspartate aminotransferase (AST) and total
bilirubin among children with acute lymphoblastic leukemia
in the maintenance phase of therapy [72]. Omega-3 fatty acids
were found to reduce liver enzymes and increase antioxidants
and uric acid [41]. Another study found that black seed oil
decreased liver enzymes, alkaline phosphatase, and prothrombin time [42].
A study found that wheat germ extract significantly decreased neutropenic episodes and improved WBC and lymphocyte counts [73]. A Japanese study found that probiotics
reduced the frequency and duration of febrile episodes and
lowered the risk of developing fever [45]. In another study,
administration of honey was associated with a reduction in the
number of episodes of fever, number of children who developed febrile neutropenia, and reduced duration of hospital
stays [38].
Glutamic acid was evaluated for neurotoxicity in two studies [43, 44]. One study found reduced severity of the tendon
Achilles and patellar reflexes and decreased paresthesias, constipation, and neurotoxicity summary score [44]. In contrast, a
multicenter consortium group study found that glutamic acid
was not effective in the prevention of vincristine-induced neurotoxicity [43].
Two studies found improvement in nausea and vomiting
with dietary supplements [74, 75]. A study examining vitamin
A for D-xylose malabsorption found no significant effects
[77]. Supplementation with calcitriol was found to improve
lumbar spine bone mineral density [76].

Discussion
To the authors’ knowledge, we present the results from the
first systematic review of clinical trials investigating T&CM
interventions for supportive care indications in children and
adolescents with cancer. Within each of the T&CM domains,
the reported findings conflicted, identifying opportunities to
further advance each of these domains within pediatric oncology. The widespread and persistent use of T&CM, particularly
in LMICs, further endorses the need for additional research in
pediatric oncology [3, 78, 79].
Several of the reviewed studies investigated the efficacy of
massage therapy, a generally safe and accepted T&CM intervention [80]. We found encouraging evidence suggesting that
massage therapy may be beneficial for several symptoms,
which concurs with a recent consensus statement on nonpharmacologic approaches [81]. Evidence-based, nonpharmacologic T&CM interventions may be a cost-effective
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approach to advance the provision of supportive and palliative
care across all income settings.
The role of acupuncture has been one of the most thoroughly researched T&CM modalities with some translational data
describing its role for the treatment of several disorders
[82–86], including chemotherapy-induced nausea and
vomiting and pain management [87]. Our review found that
there are a limited number of studies in pediatric oncology
despite documented safety and feasibility in pediatric oncology [88–90]. Acupuncture may be especially beneficial for
clinicians, children, and adolescents seeking nonpharmacologic approaches to manage a specified indication
or symptom clusters. Training and licensing guidelines set
forth by HIC or countries with an established system for delivering Traditional Chinese Medicine may serve as a framework for the investigation of acupuncture in countries without
an established body of legislation.
Our review found that the largest number of T&CM studies
evaluated the role of a dietary or herbal supplement for symptom management. The role of dietary supplements has been
one of the most controversial aspects of T&CM due to the risk
of adverse interactions with cancer therapy together with the
absence of governing bodies providing oversight on the
manufacturing and processing of dietary supplements. We
found that two large cooperative groups conducted multicenter studies thus providing a framework for the conduct of
T&CM. While several studies have reported encouraging results, the quality of the trials precludes their integration into
existing standards of practice. We found that for select T&CM
supplements, a benefit may be evident. This may have a significant impact in LMICs where access to supportive care
medications may be scarce. In these settings, the risks and
benefits of T&CM supplements should be weighed prior to
their incorporation into care.
The strengths of our systematic review were the clearly
defined eligibility criteria, the inclusion of a research librarian
for the conduct of a systematic search, the evaluation of evidence from both HIC and LMIC, and the consideration of a
quality score for each study. However, there are several limitations to our review, many of which are inherent to the conduct of systematic reviews. Several of the screened studies
were not obtained due to inability to contact the authors or
inability to locate the published article. It is also plausible that
due to limited resources in LMICs, not all clinical studies were
submitted for peer review publication. Therefore, we cannot
exclude publication bias in our study. We were unable to conduct a formal meta-analysis due to the limited number of studies investigating the same indication and the heterogeneity
within the studies that reported on the same outcomes.
While we were able to identify areas that appear to be encouraging for future research, it must be recognized that our recommendations evolved from a limited number of clinical
studies. Moreover, many of the studies received a low-

quality score; thus, our findings are not based upon highquality clinical trials. Finally, most of the included studies
were performed in HIC, thus limiting the generalizability of
their findings to the resources available and clinical care delivered to pediatric cancer units in LMICs.
There has been significant scientific effort in advancing the
science of T&CM among children with cancer in both HIC
and LMIC. Although most studies in this systematic review
were of poor quality, a body of literature exists to foster educational and research initiatives. Pediatric cancer units interested in incorporating T&CM into the supportive care needs
of children with cancer should consider the existing evidence
alongside national policies, barriers in delivering existing care,
and indigenous resources to identify the modalities that may
be readily integrated into institutional clinical care and whose
research findings will have an impact on the quality of care
delivered by the institution.
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