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Abstract

Background: Dealing with the symptom burden of cancer diagnosis and treatment has led parents to seek different
self-management strategies including Alternative and Complementary Medicine (CAM). The aim of this study was to
perform a systematic review and meta-analysis about the use and effect of CAM modalities to treat adverse effects of
conventional cancer treatment among children and young adults.

Methods: Six scientific research databases were used to identify randomized controlled trials (RCTs) from 1990 to
September 2020. Included studies investigated the use of CAM to treat cancer treatment related adverse effects in
children and young adults compared to controls.

Results: Twenty RCTs comprising 1,069 participants were included in this review. The included studies investigated
acupuncture, mind—body therapies, supplements, and vitamins for chemotherapy-induced nausea and vomiting
(CINV), oral mucositis, and anxiety among children and young adults who underwent conventional cancer treatment.
Seven studies (315 participants) were included in the meta-analysis. The overall effect of CAM (including acupunc-
ture and hypnosis only) on chemotherapy-induced nausea and/or vomiting and controls was statistically significant
with a standard mean difference of -0.54, 95% CI [-0.77,-0.31] I°’=0% (p < 0.00001). There was a significant difference
between acupuncture and controls (n=5) for intensity and/or episodes of CINV with an SMD -0.59, 95% Cl [-0.85,
-0.33] (p<0.00001). No significant difference was found between hypnosis and controls (n = 2) for severity or episodes
of CINV with an SMD -0.41, 95% CI [-1.09, 0.27] 1> =41% (p=0.19).

Conclusion: Current evidence from this meta-analysis of randomized controlled trials shows that CAM, including
acupuncture and hypnosis only, is effective in reducing chemotherapy-induced nausea and vomiting in children and
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young adults. More rigorous trials and long-term effects should be investigated if acupuncture and hypnosis are to be

recommended for clinical use.

Keywords: Complementary and alternative medicine (CAM), Pediatric oncology, Adverse effects, Chemotherapy-

induced nausea and vomiting (CINV)

Background

Worldwide, approximately 400,000 children and adoles-
cents up to 19 years old are diagnosed with cancer each
year. In Norway, approximately 350 children and young
adults (0—19 years) receive a cancer diagnosis yearly [1].
Cancer is among the top causes of death in children and
adolescents worldwide, especially in high-income coun-
tries (HICs). The most common cancers in children are
acute leukemia, brain tumors, lymphomas, bone and soft
tissue sarcomas, and germ cell tumors [2]. As a result of
medical advancements, survival rates for children with
cancer have risen in most HICs. The increase in survival
rates means that survivors have to deal with a symptom
burden during and after cancer treatment [3]. Parents of
children with cancer have described some of the symp-
toms derived from cancer treatment as pain, fatigue,
emotional distress, and loss of appetite [4]. The burden
brought about by conventional cancer treatments has led
parents to seek different self-management strategies.

One group of self-management strategies is Com-
plementary and Alternative Medicine (CAM). CAM is
defined as a group of diverse medical health care sys-
tem practices and products that are not considered part
of conventional medicine [5]. If a CAM modality is used
together with conventional medicine, it is considered
complementary medicine. If the modality is used in place
of conventional medicine, it is considered alternative
medicine [6]. Although these modalities alone are not
effective for anti-cancer treatment, using them comple-
mentary to conventional medicine has shown to improve
the health of cancer patients [7]. Studies have reported
that massage therapy [5] and acupuncture [8, 9] among
others, provide benefits to patients during cancer treat-
ment. The complementary modalities more often used
among children with cancer are herbal remedies, diet and
nutrition, and faith healing [10].

Although CAM use among parents of children with
cancer is prevalent, studies have shown that the most
common source of information on possible CAM use is
friends and family [4]. In a study by Krogstad et al. [11],
parents found the information from friends and family
burdensome because they were unable to follow up their
advice. Parents of children with cancer want accurate and
reliable information on formal strategies from the health-
care providers treating their children, and from author-
ized sources such as the Norwegian Children’s Cancer

Society [4].There is sparse research on how to cope with
the adverse effects of conventional cancer treatment in
children and young adults with cancer. The existing lit-
erature mostly reflects on the prevalence of the use of
CAM, but it is limited to investigate the effectiveness of
CAM modalities used to alleviate the symptom burden
during and after conventional cancer treatment. To the
best of our knowledge, this is the first systematic review
of RCTs that aims to investigate CAM modalities used to
cope with adverse effects of conventional cancer treat-
ment among children and young adults. The aim of this
systematic review is to review the research literature
to identify any CAM modalities used to treat adverse
effects of conventional cancer treatment among children
and young adults and if data allows it, perform a meta-
analysis to assess the beneficial effect of possible CAM
modalities.

Methods
Results were reported according to the Preferred Report-
ing Items for Systematic review and Meta-Analyses
(PRISMA) checklist (see Supplementary file) [12].

The focus question was:

Which CAM modalities are used to treat adverse effects

of conventional anti-cancer treatment among children

and young adults?

The PICOS (Population, Intervention, Comparison, Out-
come and Study type) format was used when searching
for relevant articles, which included the following four
parts:

Population: Children and young adults that were ever
diagnosed with cancer or undergoing cancer treat-
ment.

Intervention: Any CAM modalities.

Comparison: Conventional medicine, usual care,
waiting list, other CAM modalities, and placebo.
Outcome: Reduction/Improvement of adverse
effects (such as nausea, vomiting, toxicity, and
mucositis) of conventional anti-cancer treatment.
Study types: Single RCTs; double-blinded RCTs;
cross-over RCTs, pilot RCTs and feasibility RCTs.

A protocol for the systematic review was cre-
ated, submitted, and registered with PROSPERO
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(CRD42021216505). The protocol was registered on
October 26, 2020. Six electronic databases were searched
for eligible studies: AMED (EBSCO), Cinahl (EBSCO),
Cochrane Central Register for Controlled Trials (Central)
in the Cochrane Library (Wiley Interscience), Embase
(Elsevier), PsycINFO (APA), and Medline (NLM). Ref-
erences of all included studies were hand-searched for
additional eligible studies according to the search meth-
odology. A manual search for gray literature was also per-
formed using Google Scholar and books.

Search Methods: Various combinations of controlled
vocabulary/thesaurus terms (eg. Mesh) and text words,
adjusted for each database, were used. The following
Mesh terms were used: Exp Neoplasms, exp Comple-
mentary Therapies, exp Integrative medicine, Alternative
Therapies, exp Child, exp Adolescent, exp Young Adult,
exp Infant, Adverse effects. sf (subheading, fs), adverse
event, side effects and adverse reactions, Drug Related
Side Effects and Adverse Reactions, exp Adverse drug
reaction reporting systems, exp Randomized controlled
trials.

These text words were used: neoplasm, leukemia, lym-
phoma/soft tissue sarcoma, pediatric cancer, pediatric
oncology, integrative oncology, cancer treatment, child-
hood cancer, pediatric, palliative care, CAM modalities,
CAM treatment, CAM, integrative medicine, comple-
mentary medicine, alternative medicine, unconventional
medicine, spiritual healing/faith healing, children,
child*,' infant, adolescent, juvenile, pediatric, puberty,
young adults, young person, teen*', childhood, toddler,
side effects, safety, risks factors, harm, adverse reactions,
indirect/direct risks, adverse drug reaction, symptom
management, hopelessness, suffering. The search string
with the search terminology is attached as supplemen-
tary material.

Inclusion and exclusion criteria

The filters were human, Danish, Dutch, English, Ger-
man, Norwegian, Spanish, and Swedish. The searches
were limited to the period from January 1990 to April
2021. The inclusion comprised RCTs that reported CAM
modalities to treat adverse effects of conventional cancer
treatment among children and young adults. All adverse
effects and CAM modalities were considered. Studies
were excluded based on the following criteria: (i) stud-
ies did not report adverse effects of cancer treatment;
(ii) studies unrelated to cancer or CAM,; (iii) studies that
were not RCTs, pilot RCTs, or feasibility RCTs; (iv) stud-
ies that were conducted among adults with cancer; (v)

! *—truncation—the search is done for the beginning of the word and all pos-
sible endings.
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studies that were in languages other than the ones previ-
ously stated.

Study selection and data management

Search results were uploaded in the reference man-
ager program Endnote to facilitate study selection, and
a single data management file was produced identify-
ing all references in the search process. Duplicates were
removed and two authors (DCM and TS) screened the
remaining references independently. Reasons for exclud-
ing articles were documented. Neither of the review
authors was blind to the journal titles, study authors, or
institutions. A flowchart of the study selection and iden-
tification according to the PRISMA guidelines [12] was
generated.

Three authors (DCM, TS, and GO) developed the
search strategy and performed the searches. The first
and last authors screened the abstracts and searched for
articles that met the inclusion criteria. DM and TS read
the articles, extracted the data, and conducted the qual-
ity appraisal of the included articles independently. They
also screened the abstracts and searched for articles that
met the inclusion criteria using Rayyan web app [13].

Placebo

The placebo methods used consisted of sham acupunc-
ture, sham herbs and supplements (i.e., shampoo syrup
and placebo capsules), and sham products.

Data extraction

Data from the RCTs were extracted according to the
Cochrane Handbook for Systematic Reviews of Inter-
ventions [14]. A table to extract data was created and
included fifteen fields: study ID, objectives, method,
design, setting, aim(s), sample size, dropout, participants
(intervention/control groups), intention to treat & power
calculation, inclusion/exclusion criteria, intervention
(treatment vs. control), results, adverse effects due to the
use of CAM, and funding.

Joanna Briggs Institute (JBI) quality assessment of the studies
The included trials were imported into the System for the
Unified Management, Assessment and Review of Infor-
mation (SUMARI—software program JBI) for methodo-
logical assessment and critical appraisal of study quality
utilizing the checklist for RCTs [15]. Two authors (DM
and TS) independently rated the methodological quality
of the included articles using the critical appraisal check-
lists in SUMARI. Discrepancies between the reviewer’s
quality assessments were discussed among the reviewers
and resolved. Articles were scored by assigning 1 point
for each yes answer and zero points for no or unclear
answers. To obtain the score, the points were added, and
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a percentage was calculated. For this systematic review,
articles with>75% yes scores on the critical appraisal
items were classified as high quality, from 50 to 74% as
medium quality, and <50% as low quality [16]. Low qual-
ity studies were excluded from further analysis.

Description of meta-analysis

Meta-analysis was conducted using Review Man-
ager (RevMan) [Computer program]. Version 5.4. The
Cochrane Collaboration, 2020 [17]. The study population
was divided into those who received CAM modalities
(acupuncture, acupressure, or hypnosis) and those who
did not receive CAM for nausea and vomiting induced
by conventional cancer treatment. The studies were com-
bined into the meta-analysis if they were homogenous
regarding study design, participants, intervention, con-
trol, and outcome measures. Studies that did not meet
these criteria were excluded from the meta-analysis. For
continuous outcomes, a random effect model was used,
and standardized mean difference (SMD) with 95% con-
fidence intervals (CI) was calculated as the difference in
means between groups divided by the pooled standard
deviation using Hedges’s correction for small study sam-
ples [14]. When missing standard deviations, they were
calculated from standard errors, or by using the sample
data provided in the article [14].

Results

Outcome of literature searches

The search produced a total of 273 hits. Seven hits were
identified in Cinahl, 19 in Cochrane Central Register for
Controlled Trials, 81 in Embase, 165 in Medline/Pubmed,
and one in Psychoinfo. After the identification process,
36 studies were identified as duplicates and therefore
excluded. Studies were evaluated based on titles and
abstracts. During the screening process, 215 studies were
excluded for the following reasons: 2 were abstract/post-
ers; 8 duplicates; 17 were irrelevant; 29 were not about
cancer; 19 were not about CAM; 70 were about adults
with cancer, and 6 were in languages other than Danish,
Dutch, English, German, Norwegian, Spanish, and Swed-
ish, 64 were other study types. In a second round, 3 tri-
als were excluded, 2 were not about CAM, and 1 did not
include adverse effects. After reviewing the references of
the 19 eligible articles, the authors included 2 more RCTs
that met the eligibility criteria [18, 19]. A total Twenty-
one [8, 9, 18-36] RCTs comprising 1,149 participants
were eligible for inclusion in this review. Among them
were six [22, 23, 32, 33, 35, 37] RCTs that had included
participants up to the age of 21 years. Since all these stud-
ies focused on the effectiveness of CAM in the pediatric
population, the review team decided, following a discus-
sion, to include them in the review. Upon completion of
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the data extraction, assessment, and critical appraisal of
study quality, one [18] study was excluded because it was
determined to be of low quality. Although the excluded
study was included in the data extraction table, no fur-
ther results were reported. Consequently, a total of 20
studies (n=1,069) were included in this review (Fig. 1).

Methodological quality of studies

Detailed characteristics of the included studies are pre-
sented in Table 1. Sample size refers to the total number
of participants in the study. In the participant group, n
refers to the number of participants who received the
treatment or who were in the control group respectively.
Dropout refers to the number of participants who left the
study before completion.

Seven [18-23] of the 21 studies did not report sources
of funding, and two studies [24, 25] stated that they
received no financial support. Eight [18-21, 24, 26-28]
studies did not report power calculations.

Fifteen studies (n=15) [8, 9, 19-21, 24, 26, 27, 29-35]
were assessed as high quality because they had scores of
75% or higher (Table 2). Two studies (n=2) [29, 30] met
the criteria for 13 out of 13 items (see Table 2). Seven
studies (n=7) [20, 25, 26, 31-33, 35] addressed 12 items,
and six studies (n=6) [8, 9, 19, 21, 24, 27] addressed
ten items. Five studies (n=5) [22, 23, 28, 36, 37] were
assessed as medium quality because they obtained
scores between 50 and 74%. Two studies (n=2) [22, 36]
addressed nine items, and three studies (n=3) [23, 28,
37] addressed eight items. One (n=3) [18] paper was
assessed as low-quality (<50%) as it addressed only 5 out
of 13 items, and was excluded from further analysis.

CAM modalities

The results of the literature search indicate that the exist-
ing RCTs about the use of CAM modalities to alleviate
the adverse effects of conventional cancer treatment in
children and young adults can be divided into three main
areas: Alternative medical systems, biological-based
therapies, and mind—body therapies. The search returned
seven [8, 9, 19, 24, 31, 35, 37] RCTs that have been con-
ducted using acupuncture as a treatment for chemother-
apy-induced nausea and vomiting. Ten [18, 20-22, 26,
29, 30, 33, 36, 38] studies emerged where supplements
such as zinc, vitamin E, aromatherapy, pycnogenol, milk
thistle, ginger powder, bovine colostrum, propolis, glu-
tamine, and probiotics were examined in the treatment
of adverse effects such as oral mucositis, nausea, vomit-
ing, hepatotoxicity, fever, and the prevention of infection.
Lastly, four [23, 25, 27, 28] studies emerged where mind—
body therapies were used to treat stress, anxiety, nausea,
vomiting, and to improve the quality of life among chil-
dren and young adults with cancer undergoing treatment.
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Fig. 1 Flow chart of the inclusion process in this study

Alternative medical systems

All of the studies related to alternative medical systems
investigated if different acupuncture treatments could
alleviate chemotherapy-induced nausea and vomiting
among children and young adults undergoing conven-
tional cancer treatment. Acupressure was used in four of
the studies, two [19, 31] used wristbands, one [37] used
auricular seeds, and one [24] used fingers. Two studies
[8, 9] used needle acupuncture and one [35] used laser

acupuncture. Neither of the studies accessing treatment
with wristbands [19, 31] showed any significant differ-
ence in nausea and vomiting between the intervention
and control groups (sham acupuncture, standard care).
Although insignificant, Yeh et al. [37] found that patients
receiving seed auricular acupuncture had lower occur-
rence of acute and delayed nausea and shorter vomiting
duration than patients receiving sham acupuncture and
standard care. Ghezelbash et al. [24] found a significant
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Table 2 Studies quality assessment
S ali
Citation Qu% ity

Q1. Was true randomization used for assignment of participants to

Abdulah, DM 2018 31

Consolo, Lzz 2013 24)

Dupuis, L 2018 25)

El-Housseiny, AA 2007 (19)

Evans, A 2018 (26)

Ghezelbash, S 2017 80)

Gottschling S, 2008 @

Jacknow, DS 1994 (20)

Jones, PA 2008 (32

Khurana, H 2013 @7

Ladas, EJ 2010 22

Nguyen, TN 2010 (28)

Pillai AK, 2011 33)

Rathe, M 2019 (1)

Reindl, TK 2006 ®)

Tomazevi¢ T, 2013 23)

Varejdo, C 2019 (29

Wada M, 2010 34

treatment groups?

Q2. Was allocation to treatment groups concealed?

Q3. Were treatment groups similar at baseline?

Ward E, 2009 65

Yeh, CH 2012 (08

Zeltzer LK, 1991 (36)

<50% = Low-quality 50% -75% = Medium-quality > 75% = High-quality

Q4. Were participants blind to treatment assignment?

Q5. Were those delivering treatment blind to treatment assignment?

HH

Were treatments groups treated identically other than the intervention

of interest?
terms of their follow up adequately described and analyzed?

Q8. Was follow up complete and if not, were differences between groups in
randomized?

Q10. Were outcomes measured in the same way for treatment groups?

Q9. Were participants analyzed in the groups to which they were

Q11. Were outcomes measured in a reliable way?
Q12. Was appropriate statistical analysis used?

=l Q7

92.31%
92.31%

92.31%

92.31%

92.31%

difference in lower nausea intensity in the interven-
tion and placebo groups immediately (p=0.02) after
and one hour (p<0.001) after intervention. The fatigue

intensity was also considerably reduced in both groups
one-hour post-intervention (p <0.01). Gottschling, et al.
[8] found that the need for rescue antiemetic medication
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was significantly (p<0.001) lower during acupuncture
courses compared to control courses, and episodes of
vomiting per course were significantly lower in courses
with acupuncture (p=0.01). Reindl et al. [9] found that
antiemetic medication used was reduced in courses with
acupuncture (p=0.024) compared to the courses where
acupuncture was not used. Vereajio et al. [35] found that
laser acupuncture relieved nausea during chemotherapy
(p<0.0001) and relieved vomiting on the second and
third day after chemotherapy (p=0.0001) compared to
those receiving sham laser acupuncture.

In conclusion, two [8, 9] studies found that acupunc-
ture treatment lowered the use of antiemetic medication.
Also, two [8, 35] studies found that acupuncture relieved
vomiting during treatment, and one [35] study found that
it relieved nausea post-chemotherapy treatment, how-
ever, at an insignificant level (for further information see
the meta-analysis section).

Biological-based therapies

Ten studies [18, 20-22, 26, 29, 30, 33, 36, 38] identified in
the literature search evaluated the effectiveness of supple-
ments, such as vitamin E, zinc, ginger, bovine colostrum,
propolis, probiotics, and glutamine, on alleviating chem-
otherapy-induced adverse effects such as oral mucositis,
nausea, vomiting, hepatotoxicity, weight loss, and infec-
tion. The use of ginger aromatherapy to treat nausea and
propolis to treat oral mucositis showed insignificant dif-
ference between the intervention and control groups [30,
38]. Consolo et al. [26] found that children taking zinc
had significant (p =0.03) weight gain and fewer infections
(p=0.02) compared to those in the control group. Three
studies showed a significant effect of CAM modalities on
oral mucositis. Khurana et al. [20] evaluated the effects
of vitamin E and pycnogenol among children suffering
from oral mucositis during cancer chemotherapy. Results
showed significant improvements in mucositis among
those who received vitamin E and pycnogenol treatment
(p<0.001) compared to those in the control group. Ward
et al. [36] investigated the effect of enteral glutamine
on the incidence and severity of mucositis among chil-
dren and young adult oncology patients. Glutamine did
not reduce the severity or incidence of mucositis, but
the use of parenteral nutrition was significantly reduced
(p=0.049). Rathe et al. [29] evaluated the efficacy of
bovine colostrum to treat chemotherapy-induced gastro-
intestinal toxicity, the incidence of fever, and infectious
complications among children with cancer. The results
showed no difference between the experimental and con-
trol groups among gastrointestinal toxicity and incidence
of fever but there was a significant (p=0.02) reduction
in the severity of oral mucositis among participants who
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received bovine colostrum when compared to those in
the control group [29].

Ladas et al. [33] looked at the effectiveness of using
milk thistle for the treatment of hepatotoxicity. Milk this-
tle did not show any significant difference in frequency
of adverse effects, incidence or severity of toxicity, or
infections. Participants receiving milk thistle treatment
did, however have significantly (»p=0.05) lower aspar-
tate aminotransferase (AST) measurements on day 28
and 56. Pillai et al. [21] investigated the effectiveness of
ginger powder in chemotherapy-induced nausea and
vomiting. The findings showed that acute moderate to
severe nausea (p=0.003) and vomiting (p =0.002), and
delayed moderate to severe nausea (p<0.001) and vom-
iting (p=0.02) were significantly more common among
the control group participants compared to those in the
experimental group. Lastly, Wada et al. [22] evaluated the
effects of probiotic bifidobacterium breve among chil-
dren undergoing chemotherapy. Results showed that the
frequency of fever (p=0.02) and the use of intravenous
antibiotics (p=0.04) were significantly lower in the par-
ticipants receiving probiotics than those in the placebo
group.

In summary, several biological-based therapies have
been shown to have positive effects on children and
young adults undergoing anti-cancer treatment. Zinc
helped children gain weight and had fewer infections
[26]. The severity of mucositis was reduced among those
who took vitamin E, pycnogenol, and bovine colostrum
[20, 29]. Glutamine decreased the use of parenteral nutri-
tion [36]. Milk thistle lowered the AST measurements
[33]. Probiotic bifidobacterium breve lowered the fre-
quency of fever and the use of intravenous antibiotics
[22]. Lastly, ginger powder reduced acute and delayed
nausea/vomiting [21].

Mind-body therapies

Four studies (n=4) [23, 25, 27, 28] assessed the use of
mind-body therapies such as hypnosis, music and art
therapy to treat chemotherapy-induced adverse effects
(i.e, nausea, vomiting, stress, anxiety, and pain). Two of
the studies (n=2) [27, 28] evaluated the use of hypnother-
apy to treat chemotherapy-induced nausea and vomiting.
Jacknow et al. [27] found that patients receiving hypnosis
treatment used less supplemental antiemetic medication
compared to those in the control group during the first
(p<0.04) and second (p<0.02) course of chemotherapy.
The research group also found that participants receiv-
ing hypnosis treatment experienced less anticipatory
nausea (p<0.02) than those in the control group [27]. In
a different study, Zeltzer et al. [28] examined the effects
of hypnosis and support groups on reducing chemo-
therapy-related distress. They found that the duration of
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nausea was significantly shorter for those in the hypno-
sis (»<0.001) and support (p<0.01) groups compared to
those in the control group. Shorter duration of vomiting
was also significant among the patients in the hypnosis
group compared to those in the control group (p <0.005)
[28]. Music therapy was used as a treatment to reduce
pain and anxiety in children with cancer undergoing lum-
bar puncture. Nguyen et al. [25] found that those receiv-
ing music therapy during and after lumbar puncture had
significantly lower pain scores during (p <0.001) and after
(p<0.003) the procedure. Anxiety scores were also lower
among those receiving music therapy (p<0.001). There
was a significant reduction in respiratory rate (p =0.009)
and heart rate (»p=0.009) in children receiving music
therapy during the procedure. There were also significant
differences in respiratory rate (p=0.003) for the children
in the music group after the procedure [25]. Abdulah et al.
[23] measured the effectiveness of group art therapy on
the quality of life in pediatric patients. They found that
those in the art therapy group were significantly more
physically active (p <0.001), less depressed, less emotional,
and less stressed (p=0.004). The results also showed that
they enjoyed their leisure time more and participated
in more social activities (p=0.003). They also showed
improvement in their relationships with other children
(p=0.043) and had better overall health status (p <0.001)
[23].

In conclusion, mind-body therapies have shown to
have positive outcomes on the adverse effects expe-
rienced by children with cancer undergoing treat-
ment. Hypnosis decreased the need for supplemental
antiemetic medication and reduced anticipatory nausea
[27] and the duration of nausea/vomiting [28]. Music
therapy decreased anxiety and pain as well as respira-
tory and heart rate during treatment procedures, and
also decreased the respiratory rate after treatment [34].
Finally, art therapy had a positive impact on the quality
of life of the children undergoing cancer treatment [23].

Safety of CAM interventions

Six studies (n=6) [8, 9, 29-31, 33] reported adverse
effects from the interventions. Among the acupuncture
studies, three (n=3) [8, 9, 31] reported adverse effects.
Dupuis et al. [31] reported six (n=6) adverse effects of
bands being too tight. Gottschling et al. [8] reported four
(n=4) cases of pain from needling, and Reindl et al. [9]
reported one case of needle pain. Among the biological-
based therapies, Ladas et al. [33] reported seven cases
of adverse effects as follows: diarrhea (n=2), flatulence
(n=1), irritability (n=2), and stomachache (n=2). Rathe
et al. [29] and Tomazevic¢ et al. [30] noted no adverse
effects reported by the participants in their RCTs.
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In conclusion, only twenty-nine percent (n=6) of
the RCTs collected data on safety. Adverse effects were
reported as mild and transient, suggesting that the thera-
pies presented in this review have minor risks. No cases
of serious adverse effects were reported.

Meta-analysis on nausea and vomiting

Seven randomized control trials (n=7) [8, 9, 19, 24, 27,
28, 35] with 315 participants were included in the statisti-
cal analysis. Studies in the meta-analysis consisted of two
group interventions (n=166) (acupuncture and hypno-
sis) versus control (z=149) (standard medical care and
placebo) (Fig. 2). Conventional standard care consisted of
standard antiemetic medicines.

Overall effect of CAM for CINV

An overall comparison was made between CAM modali-
ties (included acupuncture and hypnosis only) for chem-
otherapy-induced nausea and/or vomiting and controls.
The difference between participants treated with CAM
those in the control group was statistically significant
with a standard mean difference of -0.54, 95% CI [-0.77,
-0.31] *=0% (p <0.00001). The participants that received
CAM treatment reported less episodes and intensity of
nausea and/or vomiting.

Different sensitivity analyses were performed according
to the categories of CAM treatment and are presented
below. All studies eligible for the meta-analysis, with the
exception of one [19], were performed among children
aged 18 years or younger.

Acupuncture for nausea and/or vomiting

A comparison was made between acupuncture treat-
ments for chemotherapy-induced nausea and/or vomit-
ing and controls. Five studies (n=5) [8, 9, 19, 24, 35] with
241 participants (intervention n=119, control n=122)
were included in this comparison. A statistically signifi-
cant difference was found between those who received
acupuncture and those who did not -0.59, 95% CI [-0.85,
-0.33] I’=0% (p <0.00001) (Fig. 2). The participants that
received acupuncture treatment reported less episodes
and/or intensity of nausea and/or vomiting during or at
the end of chemotherapy treatment.

Hypnosis for nausea and/or vomiting

A comparison was made between hypnosis treatments
for chemotherapy-induced nausea and/or vomiting and
controls. Two studies (n=2) [27, 28] with 74 participants
were included in this comparison (intervention n=47,
control n=27). No statistically significant difference was
found between those who received hypnosis and those
who did not -0.41, 95% CI [-1.09, 0.27] I*=41% (p=0.19)
(Fig. 2).
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Control
SD Total Weight

CAM Treatment
Study or Subgroup  Mean SD Total Mean

1.1.1 Acupunture for nausea and vomiting

Ghezelbash S 2017 2.08 1.36 60 3.08 1.52 60 38.6%
Gottschling S 2008 46 3.26 23 8.85 892 23 14.9%
Jones PA 2008 0.1 0.3 18 0.3 0.8 18 12.1%
Reindl TK 2006 121 0.73 11 1.5 1.08 11 7.4%
Varejao C 2019 0.83 1.26 7 254 226 10 5.1%
Subtotal (95% CI) 119 122 78.0%
Heterogeneity: Tau? = 0.00; Chi* = 1.60, df =4 (P = 0.81); 1= 0%

Test for overall effect: Z = 4.48 (P < 0.00001)

1.1.2 Hypnosis for nausea

Jacknow DS 1994 0.82 26 10 317 26 10 6.1%
Zeltzer LC 1991 479 278 37 5.18 243 17 15.9%
Subtotal (95% CI) 47 27  22.0%

Heterogeneity: Tau? = 0.11; Chi? = 1.69, df = 1 (P = 0.19); I = 41%
Test for overall effect: Z=1.18 (P = 0.24)

Total (95% CI) 166 149 100.0%
Heterogeneity: Tau? = 0.00; Chi? = 4.06, df = 6 (P = 0.67); 1= 0%

Test for overall effect: Z=4.61 (P < 0.00001)

Test for subgroup differences: Chi?2 = 0.24, df =1 (P = 0.62), I? = 0%

Fig. 2 Forest Plot CAM Treatment vs. Control for CINV

Std. Mean Difference Std. Mean Difference
1V, Random, 95% CI IV, Random, 95% CI

-0.69 [-1.06, -0.32] =

-0.62 [-1.22, -0.03] ™
-0.32[-0.98, 0.33] -

-0.30 [-1.14, 0.54] ™

-0.84 [-1.86, 0.17] I
-0.59 [-0.85, -0.33] ¢

-0.87 [-1.79, 0.06] ]

-0.14 [-0.72, 0.43] -

-0.41 [-1.09, 0.27] <&
-0.54 [-0.77, -0.31] [

4 2 0 2 4
Favours experimental Favours control

We excluded 13 studies from the meta-analysis due to
the following reasons:

(1) The studies (n=13) [20-23, 25, 26, 29-33, 36, 37] pre-
sented incomparable outcomes and CAM treatments

(2) The reported data was inadequate to conduct a
meta-analysis in four studies (n=4) [20, 21, 29, 38]

Discussion

This systematic review and meta-analysis demonstrate
that CAM may be beneficial in relieving adverse effects
of cancer treatment among children and young adults.
Twenty RCTs comprising 1069 participants were included
in this review. The majority (62%) of the included stud-
ies were assessed to have high methodological quality
according to the JBI SUMARI tool. CAM modalities used
for treating adverse effects of cancer treatment were:
aleternative medical systems, biological-based therapies,
and mind—body therapies. According to this review, CAM
modalities helped relieve nausea, vomiting, mucositis,
weight loss, anxiety, pain, and improve the overall qual-
ity of life measures. The meta-analysis demonstrated that
acupuncture was effective in relieving chemotherapy-
induced nausea and vomiting compared to controls.

Alternative medical systems
Acupuncture is a promising modality for treat-
ing chemotherapy-induced nausea and vomiting in

children and young adults with cancer. The results
of this review are in line with other studies showing
that acupuncture is beneficial. It is also included in
the guidelines to treat nausea and vomiting in can-
cer care among both adults [39, 40] and children [41].
Acupuncture is considered to be a modality that is less
invasive, more natural, and less liable to adverse effects
than many conventional forms of treatment, [42] and
potentially cost-effective [43]. Studies conducted
among adults have demonstrated that acupuncture
is effective for the management of nausea and vomit-
ing. However, studies conducted among children are
few and tend to have small sample sizes [8, 9, 19, 35,
44]. The results of this review are important because
all studies included in the meta-analysis were assessed
as high-quality RCTs and demonstrated a statistically
significant effect towards acupuncture to treat chem-
otherapy-induced nausea and vomiting. The results
from the meta-analysis show that overall CAM (-0.54,
95% CI [-0.77, -0.31]) (included acupuncture and hyp-
nosis only) and acupuncture (-0.59, 95% CI [-0.85,
-0.33]) have a medium effect size as defined by Cohen,
J (1988) [45]. There are no existing comparison stud-
ies to establish the clinical significance of the results.
However, when compared to the effect sizes of conven-
tional emetic treatments, most of them have small or
medium effect sizes [46-50]. Although emetic treat-
ments and acupuncture are not comparable, the results
from this review suggest that the use of acupuncture as
a complement to conventional emetic treatment might
be beneficial for the patients to control CINV.
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Biological-based therapies

Biological-based therapies including herbs and vitamins
are among the most frequently used CAM modalities
by children with cancer [10]. Similar to previous studies
reviewing CAM use among pediatric oncology patients
[5], we found that biological-based therapies were the
most commonly researched modalities used for chemo-
therapy-induced symptoms among children and young
adult oncology patients. Ten of the twenty-one studies
included in this review were related to biologically based
products such as vitamin E, zinc, ginger, and bovine
colostrum. This is in line with Bishop et al. [51] who
reported in a systematic review that the most commonly
used modalities were herbal remedies, diets, and nutri-
tion. Seven studies were classified as high quality [20, 21,
26, 29, 30, 32, 33], two as medium quality [22, 36], and
one as poor quality [18]. Given the different outcomes
and treatment modalities investigated, it was not possible
to perform a meta-analysis with these studies. The high
prevalence in the use of biological-based therapies among
children and young adults with cancer indicates that fur-
ther research should be conducted to further assess the
existing modalities being used and others that have not
yet been properly researched [52]. Some supplements
have known interactions with chemotherapy [53, 54]. In
the studies included in this review, there were no major
drug interactions or adverse effects reported. One study
[33] reported some minor adverse effects with the use of
milk thistle, and two [29] reported no adverse effects.

Mind-body therapies

Psychosocial factors play a significant role in disease
onset and progression, and people’s quality of life. Hence,
mind-body therapies play an important role in mitigating
and controlling symptoms derived from cancer treatment
[55]. Several studies have investigated the effectiveness
of mind-body therapies on the treatment of anti-cancer
treatment-induced symptoms and quality of life [56].
Four of the studies included in this review were related
to mind-body therapies and classified as medium (n=3)
or high-quality (n=1) studies. Two of the studies related
to hypnosis were included in the meta-analysis and the
overall effect on nausea and pain was insignificant. How-
ever, previous research [57] reported that hypnotherapy
significantly reduced cancer-related procedural pain
combined with standard care (p <0.00001). Despite insig-
nificant effect, it should be noted that the current meta-
analysis was conducted with only two studies. Therefore,
more randomized controlled trials should be conducted
to have a larger sample size and improve the estimated
effect of hypnosis on CINV. Studies excluded from the
meta-analysis showed a significant effect of music and art
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therapy on the quality of life, and relief of symptoms such
as pain and anxiety among children undergoing cancer
treatment. These results are in line with other studies [58]
which confirm that music and art therapy have positive
effects on symptoms of anxiety and pain among children.

After reviewing the literature, it is noticeable that
there is a great mismatch between the vast number of
papers describing the prevalence of CAM use among
children with cancer and the studies researching the
effect of those treatments. The lack of RCTs in this field
might be because it is more challenging (parents do
not want to add extra burden to the child, risk of lia-
bility, etc.) to conduct trials in children than in adults,
especially concerning cancer. Therefore, the number
of studies as well as the number of pediatric patients
in studies are still limited [59, 60]. The lack of studies
can also be due to lack of funding to conduct CAM
research [61].

This systematic review must be interpreted in light
of its limitations. We may have overlooked some stud-
ies even though we carefully searched the literature in
several databases and the gray literature. Also, limiting
the studies to English, German, Dutch, Spanish, and
the Scandinavian languages might have led us to miss
relevant papers. Including pilot and feasibility studies
might also be considered a limitation. However, it was
important to include these studies due to limited body
of work to investigate the effects of CAM modalities
to treat the adverse effects of cancer treatment among
children and young adults. Another limitation is that
it included six articles where the age of included par-
ticipants was higher than 18 years [19, 21, 30, 33, 36,
38]. The results reported in this review, therefore, do
not solely represent the pediatric cancer population,
but also to some extent young adults with cancer. Even
though this review has limitations, they have been
counteracted by the search methods being carefully
implemented by a research librarian and with the use
of critical appraisal tools to assess the methodologi-
cal quality of the articles. The methodological quality
of the studies varied between medium and high. One
study was classified as low quality and was excluded
from further analysis.

Implication for practice and further research

The review and meta-analysis indicate that CAM and
more specifically acupuncture treatments have a positive
effect in the treatment of vomiting and nausea associ-
ated with cancer treatment in children and young adults.
Acupuncture is considered less invasive, and less liable to
adverse effects [42].
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Implication for research

Even though the meta-analyses show a positive effect
of acupuncture on chemotherapy-induced nausea and
vomiting in children and young adults, it is important
to conduct further research to establish if some forms
of acupuncture (acupressure, needle acupuncture, or
laser acupuncture) are more effective than others. While
hypnosis did not show a significant effect in the meta-
analysis, it is important to conduct more RCTs with large
sample sizes to further determine the effect of hypno-
sis on CINV. It is also important to expand the research
on different CAM modalities that are being used to
treat cancer treatment-induced symptoms in children.
Future research should focus on conducting RCTs with
larger samples size to further establish the effect of (the)
CAM therapies. Also, RCTs should more diligently
report whether there were any adverse effects from the
therapies studied. Although some studies in this review
reported adverse effects, the majority did not. Adverse
effects are underreported in CAM research, the majority
of the studies in this review (n=15, 71%) did not collect
any safety data (see Table 1). The report of adverse effects
is important to establish the safety of the CAM thera-
pies especially related to interactions with conventional
chemotherapy treatment. It is also important for the
researchers to carefully design the studies to use standard
measurements of the outcomes to enable comparison to
other studies in the area.

Conclusion

This systematic review and meta-analysis suggest a sig-
nificant overall effect of CAM (including acupuncture
and hypnosis only) on CINV among children and young
adults compared to the control interventions. The use of
acupuncture might be considered as a complementary
measure to help children cope with nausea and vomiting.
CAM modalities such as acupuncture or hypnosis can
easily be implemented in healthcare settings, however
more rigorous trials are needed, and long-term effects
should be investigated before it is recommended for
clinical practice. To further establish the safety of CAM
modalities and the findings of this review, it is imperative
to conduct more research on different CAM modalities.

Abbreviations

ALL: Acute lymphoblastic leukemia; AST: Aspartate amino transferase; ALT:
Amino alanine transferase; HEC: Highly melogenic chemotherapy; CAM: Com-
plementary and alternative medicine; CIV: Chemotherapy-induced vomiting;
CIN: Chemotherapy-induced nausea; CINV: Chemotherapy-induced nausea-
vomiting:; HICs: High-income countries; NR: Not reported in the publication;
JBI: Joanna Briggs Institute; PRISMA: Preferred Reporting Items for Systematic
review and Meta-Analyses; RCTs: Randomized controlled trials; SMD: Standard-
ized mean difference; SUMARI: System for the Unified Management, Assess-
ment, and Review of Information.

Page 19 of 21

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512906-022-03537-w.

Additional file 1. Literature review search strategy.
Additional file 2. PRISMA 2020 checklist CAM children.

Acknowledgements
Not applicable (NA).

Authors’ contributions

TS conception; DCM & TS design of the work; DCM, TS, and GO acquisition of
data; DCM, TS, and JL analysis; DCM, TS interpretation of data; DCM & TS have
drafted the work; DM, GO, MJ, AK, DS, JL, and TS substantively revised it. All
authors have read and approved the manuscript.

Authors information

The first author (DM) holds a master’s in public health in and has considerable
expertise performing health research and is a doctoral student researching
childhood cancer and CAM. The second author GO is a senior librarian and
responsible for the training of students and researchers in literature search
and Endnote at the Institute of Health Science at UIT, The Arctic University of
Norway. The third author MJ holds a Ph.D. in medicine and has considerable
expertise in performing many different types of systematic reviews. The fourth
author (AEK) holds a Ph.D. in medical science. The fifth author (DS) is a medical
doctor and Ph.D. student researching childhood cancer. The sixth author (JL) is
a professor and director of the center for Evidence-Based Chinese Medicine in
China. The last author (TS) holds a Ph.D. in medical science and has consider-
able expertise in performing many types of systematic reviews.

Funding

This research was funded by Ekhaga Stiftelsen (2020-76), Sweden, and the
Childrens’ Cancer Society in Troms and Finnmark, Norway. Open Access fund-
ing provided by UiT The Arctic University of Norway.

Availability of data and materials
All data generated or analyzed during this study are included in this published
article [and its supplementary information files].

Declarations

Ethics approval and consent to participate
Not applicable (NA).

Consent for publication
Not applicable (NA).

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Community Medicine, Faculty of Health Science, National
Research Center in Complementary and Alternative Medicine, NAFKAM, UiT
The Arctic University of Norway, 9037 Tromsg, Norway. >Science and Health
Library, UiT, The Arctic University of Norway, Hansine Hansens veg 19,

9019 Tromsg, Norway. *Princess Méxima Center for Pediatric Oncology, Utre-
cht, the Netherlands. “Centre for Evidence-Based Chinese Medicine, Beijing
University of Chinese Medicine and Pharmacology, Beijing, China.

Received: 16 June 2021 Accepted: 21 February 2022
Published online: 02 April 2022

References
1. Cancer Registry of Norway. Cancer in Norway 2020. Cancer incidence,
mortality, survival and prevalence in Norway. Oslo: Cancer Registry of


https://doi.org/10.1186/s12906-022-03537-w
https://doi.org/10.1186/s12906-022-03537-w

Mora et al. BMC Complementary Medicine and Therapies

20.

21.

22.

Norway. https://healthtalkweb.s3.amazonaws.com/documents/Cancer_
in_Norway_2020.pdf; 2020.

Lam CG, Howard SC, Bouffet E, Pritchard-Jones K. Science and health for
all children with cancer. Science. 2019;363(6432):1182-6.

Hedén L, Péder U, von Essen L, Ljungman G. Parents’ Perceptions of Their
Child’'s Symptom Burden During and After Cancer Treatment. J Pain
Symptom Manage. 2013;46(3):366-75.

Stub T, Kristoffersen AE, Overvag G, Jong MC. An integrative review on
the information and communication needs of parents of children with
cancer regarding the use of complementary and alternative medicine.
BMC Complement Med Ther. 2020;20(1):90.

Radossi AL, Taromina K, Marjerrison S, Diorio CJ, Similio R, Njuguna F,
et al. 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 Support Care Cancer.
2018;26(2):375-91.

Complementary, Alternative, or Integrative Health: What's In a Name?
National Center for Complementary and Integrative Health2018
[updated 2018. Available from: https://www.nccih.nih.gov/health/compl
ementary-alternative-or-integrative-health-whats-in-a-name.

Hawkins J, Hires CY, Dunne EW, Keenan LA. Aromatherapy reduces

fatigue among women with hypothyroidism: A randomized placebo-
controlled clinical trial. Journal of Complementary & Integrative Medicine.
2020;17(1):1-9.

Gottschling S, ReindI TK, Meyer S, Berrang J, Henze G, Graeber S, et al.
Acupuncture to alleviate chemotherapy-induced nausea and vomiting in
pediatric oncology - A randomized multicenter crossover pilot trial. Klin
Padiatr. 2008;220(6):365-70.

Reindl TK, Geilen W, Hartmann R, Wiebelitz KR, Kan G, Wilhelm |, et al.
Acupuncture against chemotherapy-induced nausea and vomiting in
pediatric oncology. Interim results of a multicenter crossover study. Sup
Care Cancer. 2006;14(2):172-6.

Bishop FL, Prescott P, Chan YK, Saville J, von EIm E, Lewith GT. Prevalence
of complementary medicine use in pediatric cancer: a systematic review.
Pediatrics. 2010;125(4):768-76.

. Krogstad T, Nguyen M, Widing E, Toverud EL. Children with can-

cer and their use of natural products. Tidsskr Nor Laegeforen.
2007;127(19):2524-6.

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD,
et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. Bmj. 2021,372.

Ouzzani M, Hammady H, Fedorowicz Z, A E. Rayyan—a web and mobile
app for systematic reviews. Syst Rev. 2016;5:210.

Higgins JPT, Green S. Cochrane handbook for systematic reviews of
interventions. London: Willey-Blackwell; 2008.

Peters M, Godfrey C, Mclnerney P, Soares C, Khalil H, Parker D. The Joanna
Briggs Institute reviewers'manual 2015: methodology for JBI scoping
reviews. 2015.

Stub T, Kristoffersen AE, Overvag G, Jong MC, Musial F, Liu J. Adverse
effects in homeopathy. Explore (NY): A systematic review and meta-
analysis of observational studies; 2020.

Review Manager (RevMan) [Computer program] Version 5.4. The
Cochrane Collaboration, 2020 2020.

El-Housseiny AA, Saleh SM, El-Masry AA, Allam AA. The effectiveness of
vitamin “E"in the treatment of oral mucositis in children receiving chemo-
therapy. J Clin Pediatr Dent. 2007;31(3):167-70.

Jones E, Isom S, Kemper KJ, McLean TW. Acupressure for chemother-
apy-associated nausea and vomiting in children. J Soc Integr Oncol.
2008,6(4):141-5.

Khurana H, Pandey RK, Saksena AK, Kumar A. An evaluation of Vitamin E
and Pycnogenol in children suffering from oral mucositis during cancer
chemotherapy. Oral Dis. 2013;19(5):456-64.

Pillai AK, Sharma KK, Gupta YK, Bakhshi S. Anti-emetic effect of ginger
powder versus placebo as an add-on therapy in children and young
adults receiving high emetogenic chemotherapy. Pediatr Blood Cancer.
2011,56(2):234-8.

Wada M, Nagata S, Saito M, Shimizu T, Yamashiro Y, Matsuki T, et al. Effects
of the enteral administration of Bifidobacterium breve on patients under-
going chemotherapy for pediatric malignancies. Support Care Cancer.
2010;18(6):751-9.

(2022) 22:97

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 20 of 21

Abdulah DM, Abdulla BMO. Effectiveness of group art therapy on quality
of life in paediatric patients with cancer: A randomized controlled trial.
Complement Ther Med. 2018;41:180-5.

Ghezelbash S, Khosravi M. Acupressure for nausea-vomiting and fatigue
management in acute lymphoblastic leukemia children. Journal of Nurs-
ing & Midwifery Sciences. 2017;4(3):75-81.

Nguyen TN, Nilsson S, Hellstrom AL, Bengtson A. Music therapy to reduce
pain and anxiety in children with cancer undergoing lumbar puncture: a
randomized clinical trial. J Pediatr Oncol Nurs. 2010;27(3):146-55.
Consolo LZZ, Melnikov P. Consolo FZ, Nascimento VA, Pontes JCDV. Zinc
supplementation in children and adolescents with acute leukemia. Eur J
Clin Nutr. 2013;67(10):1056-9.

Jacknow DS, Tschann JM, Link MP, Boyce WT. Hypnosis in the prevention
of chemotherapy-related nausea and vomiting in children: a prospective
study. J Dev Behav Pediatr. 1994;15(4):258-64.

Zeltzer LK, Dolgin MJ, LeBaron S, LeBaron C. A randomized, controlled
study of behavioral intervention for chemotherapy distress in children
with cancer. Pediatrics. 1991;88(1):34-42.

Rathe M, De Pietri S, Sangild PT, Husby S, Frandsen TL, Wehner SW, et al.
The use of bovine colostrum against chemotherapy-induced gastro-
intestinal toxicity in children with acute lymphoblastic leukemia: A
double-blind placebo-controlled randomized trial. Pediatr Blood Cancer.
2018;65(Supplement 2):S109.

Tomazevic T, Jazbec J. A double blind randomised placebo controlled
study of propolis (bee glue) effectiveness in the treatment of severe oral
mucositis in chemotherapy treated children. Complement Ther Med.
2013;21(4):306-12.

Dupuis LL, Kelly KM, Krischer JP, Langevin AM, Tamura RN, Xu P, et al.
Acupressure bands do not improve chemotherapy-induced nausea con-
trolin pediatric patients receiving highly emetogenic chemotherapy: A
single-blinded, randomized controlled trial. Cancer. 2018;124(6):1188-96.
Evans A, Garretson C, Pedroja E, Malvar J, Margol A, Sposto R, et al. The
use of aromatherapy to reduce chemotherapy-induced nausea in chil-
dren with cancer; A randomized, double blind, placebo controlled trial.
Neuro-Oncol. 2016;18(Supplement 3):iii137.

Ladas EJ, Kroll DJ, Oberlies NH, Cheng B, Ndao DH, Rheingold SR, et al. A
randomized, controlled, double-blind, pilot study of milk thistle for the
treatment of hepatotoxicity in childhood acute lymphoblastic leukemia
(ALL). Cancer. 2010;116(2):506-13.

Nguyen TN, Nilsson S, Hellstrom A, Bengtson A. Music therapy to reduce
pain and anxiety in children with cancer undergoing lumbar puncture: a
randomized clinical trial. J Pediatr Oncol Nurs. 2010;27(3):146-55.
Varejao CDS, Santo F. Laser Acupuncture for Relieving Nausea and
Vomiting in Pediatric Patients Undergoing Chemotherapy: A Single-Blind
Randomized Clinical Trial. J Pediatr Oncol Nurs. 2019;36(1):44-54.

Ward E, Smith M, Henderson M, Reid U, Lewis |, Kinsey S, et al. The effect
of high-dose enteral glutamine on the incidence and severity of mucosi-
tis in paediatric oncology patients. Eur J Clin Nutr. 2009;63(1):134-40.
Yeh CH, Chien LC, Chiang YC, Lin SW, Huang CK, Ren D. Reduction in
nausea and vomiting in children undergoing cancer chemotherapy by
either appropriate or sham auricular acupuncture points with standard
care. J Altern Complement Med. 2012;18(4):334-40.

Evans A, Malvar J, Garretson C, Pedroja Kolovos E, Baron NM. The Use of
Aromatherapy to Reduce Chemotherapy-Induced Nausea in Children
With Cancer: A Randomized, Double-Blind. Placebo-Controlled Trial J
Pediatr Oncol Nurs. 2018;35(6):392-8.

Tsukinoki R, Murakami Y. Non-communicable disease epidemic: epide-
miology in action (EuroEpi 2013 and NordicEpi 2013): Aarhus, Denmark
from 11 August to 14 August 2013. Eur J Epidemiol. 2013;28(1):1-270.
O'Regan D, Filshie J. Acupuncture and cancer. Auton Neurosci.
2010;157(1):96-100.

Flank J, Robinson PD, Holdsworth M, Phillips R, Portwine C, Gibson P,

et al. Guideline for the treatment of breakthrough and the prevention of
refractory chemotherapy-induced nausea and vomiting in children with
cancer. Pediatr Blood Cancer. 2016;63(7):1144-51.

Vincent C. The safety of acupuncture. BMJ (Clinical research ed).
2001;323(7311):467-8.

Chokshi SK, Ladas EJ, Taromina K, McDaniel D, Rooney D, Jin Z, et al. Pre-
dictors of acupuncture use among children and adolescents with cancer.
Pediatr Blood Cancer. 2017;64(7):26424.


https://healthtalkweb.s3.amazonaws.com/documents/Cancer_in_Norway_2020.pdf
https://healthtalkweb.s3.amazonaws.com/documents/Cancer_in_Norway_2020.pdf
https://www.nccih.nih.gov/health/complementary-alternative-or-integrative-health-whats-in-a-name
https://www.nccih.nih.gov/health/complementary-alternative-or-integrative-health-whats-in-a-name

Mora et al. BMC Complementary Medicine and Therapies

44,

45.

46.

47.

48.

49.

50.

51

52.

53.
54.

55.

56.

57.

58.

59.
60.

61.

(2022) 22:97

Yeh CH, Zhao TY, Zhao MD, Wu Y, Guo YM, Pan ZY, et al. Comparison of
effectiveness between warm acupuncture with local-distal points combi-
nation and local distribution points combination in breast cancer-related
lymphedema patients: a study protocol for a multicenter, randomized,
controlled clinical trial. Trials. 2019;20(1):403.

Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed.
Hillsdale, N. J: Laurence Erlbaum; 1988.

QiuT, Men P, Xu X, Zhai S, Cui X. Antiemetic regimen with aprepitant in the
prevention of chemotherapy-induced nausea and vomiting: An updated
systematic review and meta-analysis. Medicine (Baltimore). 2020,99(33).
Yuan D-M, Li Q, Zhang Q, Xiao X-W, Yao Y-W, Zhang Y, et al. Efficacy

and safety of neurokinin-1 receptor antagonists for prevention of
chemotherapy-induced nausea and vomiting: systematic review and
meta-analysis of randomized controlled trials. Asian Pac J Cancer Prev.
2016;17(4):1661-75.

Fugetto F, Filice E, Biagi C, Pierantoni L, Gori D, Lanari M. Single-dose of
ondansetron for vomiting in children and adolescents with acute gastro-
enteritis—an updated systematic review and meta-analysis. Eur J Pediatr.
2020;179(7):1007-16.

Tricco AC, Blondal E, Veroniki AA, Soobiah C, Vafaei A, Ivory J, et al.
Comparative safety and effectiveness of serotonin receptor antagonists
in patients undergoing chemotherapy: a systematic review and network
meta-analysis. BMC Med. 2016;14(1):216.

Lau Moon Lin M, Robinson PD, Flank J, Sung L, Dupuis LL. The Safety of
Metoclopramide in Children: A Systematic Review and Meta-Analysis.
Drug Safety. 2016;39(7):675-87.

Bishop FL, Prescott P, Chan YK, Saville J, von EIm E, Lewith GT. Prevalence
of Complementary Medicine Use in Pediatric Cancer: A Systematic
Review. Pediatrics. 2010;125(4):768-76.

Diorio C, Kelly KM, Afungchwi GM, Ladas EJ, Marjerrison S. Nutritional
traditional and complementary medicine strategies in pediatric cancer: A
narrative review. Pediatr Blood Cancer. 2020;67.

Kelly KM. Complementary and alternative medical therapies for children
with cancer. Eur J Cancer. 2004;40(14):2041-6.

Cheng C-W, Fan W, Ko S-G, Song L, Bian Z-X. Evidence-Based Management of
Herb-Drug Interaction in Cancer Chemotherapy. EXPLORE. 2010;6(5):324-9.
Sagar SM. Evidence-based clinical practice guidelines for integrative
oncology: complementary therapies and botanicals (2009). J Soc Integr
Oncol. 2009;7(3):83-4.

Kanitz JL, Camus MEM, Seifert G. Keeping the balance - an overview of
mind-body therapies in pediatric oncology. Complement Ther Med.
2013;21:520-5.

Jong MC, Boers |, van Wietmarschen H, Busch M, Naafs MC, Kaspers GJL,
et al. Development of an evidence-based decision aid on complemen-
tary and alternative medicine (CAM) and pain for parents of children with
cancer. Support Care Cancer. 2020;28(5):2415-29.

Facchini M, Ruini C. The role of music therapy in the treatment of children
with cancer: A systematic review of literature. Complement Ther Clin
Pract. 2021;42.

Joseph PD, Craig JC, Caldwell PHY. Clinical trials in children. Br J Clin
Pharmacol. 2015;79(3):357-69.

Bond MC, Pritchard S. Understanding clinical trials in childhood cancer.
Paediatr Child Health. 2006;11(3):148-50.

Pirotta M. Towards the application of RCTs for CAM. Researching Comple-
mentary and Alternative Medicine London: Routlledge; 2007. p. 52-71.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 21 of 21

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Complementary and alternative medicine modalities used to treat adverse effects of anti-cancer treatment among children and young adults: a systematic review and meta-analysis of randomized controlled trials
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Which CAM modalities are used to treat adverse effects of conventional anti-cancer treatment among children and young adults?
	Inclusion and exclusion criteria
	Study selection and data management
	Placebo
	Data extraction
	Joanna Briggs Institute (JBI) quality assessment of the studies
	Description of meta-analysis


	Results
	Outcome of literature searches
	Methodological quality of studies
	CAM modalities
	Alternative medical systems
	Biological-based therapies
	Mind–body therapies

	Safety of CAM interventions
	Meta-analysis on nausea and vomiting
	Overall effect of CAM for CINV
	Acupuncture for nausea andor vomiting
	Hypnosis for nausea andor vomiting


	Discussion
	Alternative medical systems
	Biological-based therapies
	Mind–body therapies
	Implication for practice and further research
	Implication for research

	Conclusion
	Acknowledgements
	References


