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Abstract
Purpose of the review Children and adolescents with cancer, along with their parents and other informal caregivers, often 
report using complementary and alternative medicine (CAM) during active oncology and hemato-oncology treatment. Some 
adopt an “alternative” approach to conventional medical care, which often entails the use of these practices without the 
knowledge of the treating pediatrician. In contrast, many others search for consultation provided by a pediatric integrative 
oncology (IO) practitioner working with the conventional medical team. IO seeks to provide evidence-based complementary 
medicine therapies, many of which have been shown to augment conventional supportive and palliative care, while ensuring 
the patient’s safety. The present narrative review examines the current state of and future direction for the IO setting of care.
Recent findings A large body of published clinical research supports the effectiveness of leading Pediatric IO modalities, 
while addressing potential safety-related concerns.
Summary Despite the growing amount of clinical research supporting the beneficial effects and implementation of Pediatric 
IO models of care, there is still a need for further studies in order to establish clinical guidelines in the treatment of children 
and adolescents with cancer. Such IO-directed guidelines will need to address both the effectiveness and the safety of the 
CAM modalities being used in pediatric oncology and hemato-oncology settings, promoting a better understanding among 
pediatric healthcare professionals and helping them understand the indications for referral to the IO treatment service.

Keywords Integrative oncology · Pediatric oncology · Pediatric hemato-oncology · Integrative medicine · Complementary 
alternative medicine

Introduction

The past two decades have seen significant advances in the 
treatment of pediatric patients with cancer, though a num-
ber of challenges and uncertainties remain. These include 
diagnostic and therapeutic obstacles, as well as nega-
tive healthcare-related experiences in the past which may 

increase the interest of a pediatric patient, their family, and 
their oncology healthcare provider (HCP) to the use of com-
plementary and alternative medicine (CAM). The modalities 
are often being provided within an “alternative” context of 
care, or a “complementary” setting when used in parallel 
with conventional care. The National Cancer Institute has 
defined CAM as medical products and practices which are 
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not currently part of standard medical care [1]. Integrative 
oncology (IO) differs from CAM in that it contextualizes 
the practice of evidence-based complementary medicine 
modalities within the conventional oncology setting, as an 
integral part of supportive and palliative care services being 
provided to patients. The Society for Integrative Oncology 
(SIO) defines integrative oncology as a “patient-centered, 
evidence-informed field of cancer care that utilizes mind 
and body practices, natural products, and/or lifestyle modi-
fications from different traditions alongside conventional 
cancer treatments” [2]. The SIO goals for IO are “to opti-
mize health, quality of life, and clinical outcomes across the 
cancer care continuum and to empower people to prevent 
cancer and become active participants before, during, and 
beyond cancer treatment”. Tortora et al. have published a 
comprehensive definition for pediatric IO, through an inter-
national consensus highlighting the need to incorporate IO 
modalities and lifestyle modifications within a collaboration 
with oncology HCPs [3•]. Over the past five years, a number 
of pediatric IO programs have been established in Germany 
[4, 5] and Brazil [6].

Another related therapeutic approach is that of traditional 
medicine, defined by the World Health Organization (WHO) 
as “knowledge, skill, and practices based on the theories, 
beliefs, and experiences indigenous to different cultures, 
whether explicable or not, used in the maintenance of health 
as well as in the prevention, diagnosis, improvement or treat-
ment of physical and mental illness” [7]. Traditional medi-
cine use is highly popular in low-and middle-income coun-
tries, as well as among patients with a high affinity to herbs, 
nutrition (“food as therapy” [8]) and other traditional medi-
cine modalities [9]. A study from northern Israel found that 
while Jews and Arabs had similar rates of CAM use, patients 
from a higher socioeconomic status reported using primarily 
non-herbal supplements and homeopathy; and those from 
lower-to-middle socioeconomic status more likely to use 
traditional Arab medicine, mainly herbs [10]. In Guatemala 
City, where traditional medicine and CAM are reportedly 
being used by 90% of parents of children with cancer, two-
thirds of respondents reported using these modalities in con-
junction with conventional treatment for supportive care-
related indications, suggesting a complementary medicine 
context of care [11]. Complementary medicine practices are 
prevalent in Turkey and Malysia, where they are being used 
together with conventional treatment [12, 13]. In Kenya, 
many HCPs are supportive of CAM use, despite the fact 
that only 18% of HCPs interviewed had a positive attitude 
toward traditional medicine and CAM; and 56% reported a 
belief that the combination with chemotherapy is “the best 
way to cure cancer” [14].

Rates of CAM use in the pediatric cancer population 
range from 6 to 91% [15•], and take place within a broad 
range of clinical settings and with modalities which vary 

according to the setting and culture. In Canada, 60% of 
pediatric oncology patients have been reported to be using 
CAM, primarily multivitamin use [16]; 64% in the US, pri-
marily prayer, supplement use and massage [17]; 69% in 
Switzerland, predominantly homeopathy [18]; and 87% in 
France, mainly homeopathy, chiropractic, and faith-healing 
[19]. Rates of CAM use during survivorship range from 52% 
(Hong-Kong) to 58% (US), with younger adults more likely 
to choose manipulative, body- and mind–body therapies than 
younger children [20, 21]. The prevalence of CAM use in 
palliative care settings ranges from 29% in Canada [22]), 
43% in Germany [23•] and 63% in Hong-Kong [24].

Expectations among patients and their parents from CAM 
include improving general wellbeing; 'strengthening' the 
immune system; and reducing adverse effects of cancer treat-
ments [25, 26]. Providing a “cure” and improving survival 
or preventing recurrence are mentioned as well, though less 
frequently (between 5- to 49%, depending on the country 
and setting) [27–29]. Expectations among parents that CAM 
treatment can “cure” their child’s cancer, may contrast to 
those of the treating HCP [30]. In as many as 65% cases the 
use of CAM is not being disclosed to the patient’s pediat-
ric oncology HCP [31, 32]. Non-disclosure of CAM use by 
parents of pediatric oncology patients has been attributed to 
their fear of a negative reaction from the oncologist [33•].

In contrast to the frequent non-disclosure of CAM use to 
HCPs, pediatric IO programs are seen as a positive addition 
by HCPs who emphasize open and non-judgmental com-
munication with children and parents, identifying treatment 
goals and referring to CAM modalities for quality of life 
(QoL)-related concerns [34–36]. At the same time, these 
HCPs frequently do not provide a structured referral to a IO 
consultation or to CAM providers outside the hospital set-
ting [37]. This has been attributed to the lack of knowledge 
among HCPs on the potentially beneficial effects of IO in 
patient care [38, 39]. The lack of knowledge on this subject 
may be the result of the limited exposure CAM receives in 
the medical education curriculum, if at all, and the lack of 
defined graduate competencies [40, 41].

Clinical practices guidelines are important in providing 
information about IO to HCPs on the available evidence 
supporting the use of these therapies in patient care. These 
include the clinical practice guidelines published by the 
Society for Integrative Oncology (SIO) and the Ameri-
can Society for Clinical Oncology (ASCO) for integrative 
oncology in the adult cancer population [42–44], though 
guidelines for pediatric patients with cancer are currently 
not available. Nevertheless, systematic reviews published 
in recent years summarize the effectiveness and safety of 
specific CAM modalities for cancer-related symptoms in the 
pediatric patient population, including for pain [45], nausea 
and vomiting [46] and other adverse effects of anti-cancer 
treatment [47, 48].
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This is, to the best of our knowledge, the first narrative 
review on the published research on CAM across the pedi-
atric cancer care trajectory. The review set out to highlight 
the potential for certain CAM modalities which should be 
provided in the pediatric IO setting, in conjunction with 
conventional anti-cancer treatment during survivorship 
and palliative/end-of-life care. The findings of the review 
will hopefully inform oncology HCPs, pediatric patients 
and their families, providing researchers with a foundation 
enabling the creation of clinical practice guidelines for the 
pediatric IO setting.

Methods

A multi-disciplinary team of six researchers from Israel, 
Norway, and Germany undertook the design of the present 
narrative review: four physician-researchers, one non-MD 
researcher, and one non-MD practitioner who also represents 
a parent advocacy perspective. The design of the review was 
guided by key elements identified in the narrative review by 
Sukhera [49], while using items of quality assessment from a 
narrative review by Baethge et al. [50] The following review 
questions were formulated:

1. Which CAM modalities are potentially effective during 
cancer treatment, survivorship and in the palliative stage 
of pediatric cancer care?

2. Which CAM modalities are safe to use during cancer 
treatment; throughout survivorship; and in the palliative 
stage of pediatric cancer care?

3. Which evidence-based recommendations can be made 
for the integration of CAM modalities in pediatric 
oncology care?

A search was then conducted, using MEDLINE/Pub-
med, the Cochrane Database of Systematic Reviews, and 
the Memorial Sloan-Kettering Integrative Medicine Ser-
vice database. Keywords searched for this purpose included 
alternative/ complementary/traditional/integrative medicine; 
pediatric oncology/hemato-oncology; palliative care and 
survivorship; doctor-patient communication and disclosure; 
bone marrow transplantation; effectiveness, safety/risk; and 
other CAM modality-specific keywords (e.g., acupuncture, 
touch, mind–body, herbal medicine, nutrition, Anthropo-
sophic medicine). Explanatory studies (i.e., randomized, 
controlled trials, RCTs); quasi-experimental studies; n = 1 
RCT studies; meta-analyses and systematic reviews were 
examined.

Included studies examined CAM interventions in chil-
dren and adolescents up to 18 years of age currently diag-
nosed with or surviving cancer. Only peer-reviewed stud-
ies published in the English language were included, and 

limited to CAM modalities categorized under one of four 
domains: herbal medicine (including homeopathic remedies 
and aromatherapy), non-herbal dietary supplements, manual 
therapies (including acupuncture), and mind–body therapies. 
Data on the study design, intervention, comparators, patient 
populations, outcomes and safety were extracted and nar-
ratively described in text, and structured in supplemental 
tables. Recommendations were made by the authors for 
Question 3 (evidence-based recommendations supporting 
CAM modalities in pediatric oncology care), based on the 
available literature and within the context of their personal, 
scientific, clinical and medical education-related experi-
ences. The results of the review were presented in accord-
ance with the Narrative Review Checklist, published by 
Green et al. [51]

CAM in Active Cancer Treatment

Most included studies focused on potential beneficial effects 
of CAM for adverse effects of cancer treatment, including 
chemotherapy-induced nausea and vomiting, neutropenia, 
oral mucositis, and stomatitis. The research also addressed 
the ability of CAM to relieve post-operative distress and 
pain. The research supporting the beneficial and safe use of 
CAM treatment groups during active cancer treatment are 
summarized in Table 1.

Herbal Medicine

The use of herbs and other dietary supplements is popu-
lar among children with cancer, though the research sup-
porting this practice is limited, at best (Table 1). Manuka 
honey demonstrated a beneficial effect in the relief of oral 
mucositis; and olive oil for pain in children with leukemia 
[52]. Bee honey (considered an herbal remedy in traditional 
Greco-Arab medicine) was shown to decrease febrile neu-
tropenia in children with acute lymphoblastic leukemia [53]. 
Other RCTs have shown that ginger (Zingiber officinale) 
can reduce acute and delayed chemotherapy-induced nau-
sea and vomiting in children and young adults receiving 
highly emetogenic chemotherapy for bone sarcoma [54]; 
and Chamomile (Matricaria chamomilla) for neutropenia in 
children and adolescents with acute lymphoblastic leuke-
mia [55]. Safety-related concerns were addressed in all the 
above studies, including adverse effects which were either 
mild or absent. In an RCT comparing essential ginger oil 
(aromatherapy) to placebo (water and shampoo) for chemo-
therapy-induced nausea, the ginger treatment was found to 
be safe and well-tolerated, though without beneficial effect 
on nausea scores in either treatment arm [56].

The research published on herbal medicine in the broader 
context of traditional medicine is extremely limited. Tradi-
tional systems using herbs are an integral part of TCM in 
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China, Kampo medicine in Japan, Ayurvedic medicine in 
India, and Greco-Islamic medicine in the Middle East. In 
each system herbal products are chosen based on a struc-
tured diagnostic process, and are most often administered 
as multi-herbal formulas. An uncontrolled study in Egypt 
showed that black seed oil (Nigella Sativa), a leading Islamic 
medicinal herb mentioned in the holy Quran, decreased 
methotrexate-induced hepatotoxicity and improved survival 
in children with acute lymphoblastic leukemia [57].

In a systematic review examining patterns of TCM use in 
pediatric oncology patients, it was shown that most RCTs 
focused on hematological malignancies, using the herb 
Huangqi (Astragalus membranaceus), commonly used for 
treating myelosuppression, infection, and gastrointesti-
nal concerns [58]. Huangqi injections were found to sig-
nificantly reduce the incidence and duration of infection in 
chemotherapy-treated children with acute lymphoblastic 
leukemia, with higher neutrophil counts following treat-
ment [59]. RCTs from China found that the combination 
of the Fuzheng Jianpi decoction with chemotherapy led to 
improved quality of life (QoL) and increased survival in 
children diagnosed with solid tumors [60]; and the addi-
tion of the Hewei Zhiou recipe to ondansetron hydrochloride 
helped relieve chemotherapy-induced vomiting among chil-
dren with solid tumors [61].

Anthroposophic medicine is another system of integrative 
medicine which often includes herbal- and metal-derived 
remedies. A German multi-centered RCT found neither ben-
eficial nor harmful effects with Anthroposophic supportive 
treatment for adverse effects of cancer therapies; or event-
free survival in children aged 1–18 undergoing intensive-
phase chemotherapy treatment [62].

Homeopathy differs from other CAM modalities in 
that it utilizes extremely high dilutions of herbal and other 
“mother” products. A study conducted in Israel of a complex 
homeopathic remedy (vs. placebo) showed reduced severity 
and duration of chemotherapy-induced stomatitis in patients 
aged 3–25 years undergoing allogeneic or autologous stem 
cell transplantation [63]. However, in a follow-up multi-cen-
tered trial, no statistically beneficial effect was found with 
the same homeopathic remedy, though a trend was found 
towards lower rates of narcotic analgesic use [64].

Non‑herbal Dietary Supplements

Several RCTs have investigated the use of non-herbal dietary 
supplements such as glutamine and vitamin E (tocopherol), 
as well as prebiotics and probiotics in the pediatric oncol-
ogy setting (see Table 1). A study from the U.S. found that 
glutamine was well tolerated and associated with improved 
sensory function and overall QoL in children and adoles-
cents undergoing vincristine treatment for leukemia, lym-
phoma, extracranial solid tumors and medulloblastoma [65]. Ta
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Parenteral glutamine was shown to be safe and effective in 
reducing oral stomatitis in a retrospective observational 
study of children with acute lymphoblastic leukemia, when 
compared to controls receiving standard care alone [66]. An 
RCT of oral glutamine supplementation showed a reduced 
onset of oral mucositis, with a lower duration of hospitali-
zation and expenditures in children and adolescents under-
going consolidation chemotherapy with high-dose metho-
trexate for acute lymphoblastic leukemia [67]. However, in 
another RCT among children with varied pediatric malig-
nancies, no beneficial effect was found with oral glutamine 
in preventing chemotherapy-induced mucositis, though a 
reduced need for and duration of parenteral nutrition was 
observed in the oral glutamine-treated group [68].

Vitamin E has been shown to reduce the incidence of 
chemotherapy-induced oral mucositis in children with can-
cer (see Table 1). In one RCT, topically applied vitamin E 
significantly reduced the severity of chemotherapy-induced 
oral mucositis, when compared to oral administration of 
the vitamin[69]. In an RCT comparing oral vitamin E to 
the herbal formula pycnogenol, which contains pine bark, 
and a placebo preparation, both supplements significantly 
relieved grade 1-to-3 chemotherapy-induced oral mucositis 
[70]. However, in a series of n = 1, double-blind RCTs in 
doxorubicin-treated children, topical vitamin E was ineffec-
tive in the prevention of oral mucositis when compared to 
placebo [71]. Neither preparation of vitamin E (orally or 
topically administered) was associated with adverse effects.

A number of clinical studies (Table 1) have supported 
the effectiveness and safety of pre- and pro-biotic products. 
In a systematic review, these products were found to be safe 
and with a potential to reduce chemotherapy-induced nau-
sea/vomiting and infections, with reduced morbidity [72]. 
The probiotic Lactobacillus plantarum was found to be safe 
and feasible for use in children and adolescents undergoing 
allogenic hematopoietic cell transplantation [73]. In a sin-
gle-blinded RCT in children with acute leukemia, probiotic 
treatment was associated with a lower prevalence of chemo-
therapy-induced gastrointestinal symptoms, when compared 
to the placebo group. Three commonly reported gastrointes-
tinal side effects—nausea, vomiting and abdominal disten-
sion—were shown to be significantly less prevalent in the 
probiotic-treated group [74]. Finally, in double-blinded RCT 
from Iran, a synbiotic formula (combination of prebiotics 
with probiotics) administered to children on maintenance 
chemotherapy for acute lymphoblastic leukemia, was associ-
ated with significantly lower rates of chemotherapy-induced 
diarrhea, constipation, nausea and vomiting [75]. All studies 
of pre- and probiotic supplement use showed this treatment 
to be both safe and well-tolerated by patients.

Other non-herbal supplements examined in the pediatric 
oncology setting include two double-blind RCTs show-
ing a beneficial effect with selenium, an essential dietary 

trace mineral, in children with leukemia, lymphoma, and 
solid tumors undergoing chemotherapy (Table 1). In the 
first RCT, a beneficial effect was found for chemother-
apy-induced fatigue and nausea, as well as renal and liver 
function [76]. In the second study, patients treated with 
selenium had lower rates of neutropenia [77].

Acupuncture and Manual Therapies

Acupuncture treatment entails the insertion of fine, ster-
ile and single-use needles into acupuncture points which 
have been selected based on the principles of TCM, or else 
the findings of clinical research (medical acupuncture). 
The research examining the effectiveness of acupuncture 
in the pediatric IO setting is extremely limited, and was 
not addressed in the SIO/ASCO clinical guidelines on 
integrative medicine for cancer-related pain, anxiety and 
depression in the adult population [78, 79]. A previous 
meta-analysis of five RCTs (241 oncology patients) treated 
with acupuncture/acupressure (intervention, 119; controls, 
122), concluded that acupuncture and related techniques 
can significantly reduce chemotherapy-induced nausea 
and/or vomiting, when compared to control interventions 
(Table 1). Three RCTs which addressed the safety of acu-
puncture reported minor adverse effects, such as pain from 
needling or acupressure bands that were too tight [80]. A 
systematic review concluded that despite a high risk for 
potential bias and low number of studies, there is nev-
ertheless preliminary evidence supporting the effective-
ness of acupuncture and limited evidence for acupressure 
in alleviating nausea and vomiting in pediatric oncology 
patients [81].

Acupressure entails the application of localized pres-
sure on acupuncture points, with manual and wristband 
acupressure (vs. a “placebo touch” intervention) shown to 
reduce the severity and frequency of chemotherapy-related 
nausea and vomiting in a Turkish study of children and 
adolescents receiving chemotherapy [82].. An RCT from 
Portugal found that massage therapy reduced the inter-
ference of walking-associated pain in a pediatric cancer 
population, while contributing to the relief of pain and its 
impact on their daily activities [83]. In a small feasibil-
ity study conducted in pediatric oncology inpatient and 
outpatient units in Hawaii, patients were randomized to 
“Healing Touch” vs. controls experiencing reading/play 
activity. Patients in the intervention arm reported better 
scores for pain, stress and fatigue, as reflected in the par-
ents' perception of their child's pain [84]. Foot reflexology 
was also shown to have a significant effect on reducing 
pain and improving physiological parameters in children 
with leukemia undergoing intrathecal chemotherapy treat-
ments [85].
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Mind–Body Therapies

Mind–body medicine includes a wide range of therapeu-
tic options, including relaxation, deep breathing, medita-
tion, hypnosis, mindfulness and spiritual modalities, some 
of which are based on Eastern philosophy (e.g., Buddhism, 
Hinduism, Daoism) or religious practices (e.g., Islamic 
medicine, tribal medicine), including healing, prayer and 
blessings which are highly prevalent among Greek parents 
of children with cancer [86]. Some mind–body modali-
ties overlap with movement therapies (e.g., breathing and 
mindfulness aspects in Yoga or Chi Gong) and manual/touch 
modalities (e.g., gestures of presence during Anthroposophic 
nursing manual therapies, acupressure, Shiatsu, or acupunc-
ture). Often, classical mind–body interventions, such as 
guided imagery or hypnosis, are provided together with a 
manual therapy (e.g., reflexology, acupuncture, or acupres-
sure), especially in the integrative oncology setting [87].

A U.S. study found evidence supporting the use of hypno-
sis for chemotherapy-induced nausea and vomiting, reduc-
ing “as-needed” use of antiemetic medications and less 
frequent anticipatory nausea when compared to controls 
[88]. In an earlier RCT, a greater reduction of both antici-
patory and post-chemotherapy symptoms was observed in 
children treated with hypnosis, compared to a non-hypnotic 
distraction/relaxation intervention (with only a maintenance 
effect) and a third group of controls (attention placebo), who 
showed worsening of their symptoms over time [89].

An RCT from China found reduced pain and anxiety, as 
well as improved sleep quality with a combined regimen of 
mindfulness-based stress reduction (MBSR) and music ther-
apy in patients with osteosarcoma (aged 10 to 21 years) [90]. 
A second RCT from Singapore examined a multi-modal 
approach in children and adolescents, from cancer diagnosis 
to treatment, comparing home-based interventions (includ-
ing progressive muscle relaxation and guided imagery) to 
usual care. While fatigue was significantly improved with 
the intervention, no between-group differences were found 
regarding nausea and vomiting, pain, mucositis or anxiety. 
However, both children and parents in this group reported a 
positive experience from the study interventions [91].

A pilot RCT from Canada demonstrated the feasibility 
and acceptability of a sleep intervention (sleep hygiene com-
bined with deep breathing and progressive muscle relaxa-
tion) for children undergoing maintenance chemotherapy 
for acute lymphoblastic leukemia, finding no statistically 
significant benefits [92]. In another study of children under-
going stem cell transplantation, a mixed model approach 
with randomization to a child-targeted intervention involving 
massage and humor therapy; additional parent intervention 
involving massage and relaxation/imagery; or standard care 
was explored [93]. No beneficial effects were found regard-
ing somatic distress and mood disturbance, or for length of 

hospitalization and use of narcotic analgesic and antiemetic 
medications. In another RCT conducted in a hematopoi-
etic stem cell transplantation setting, individualized yoga 
was explored for feasibility in children receiving intensive 
chemotherapy, here too with no effectiveness found with 
respect to the study’s outcomes [94]. In a pediatric stem cell 
transplantation setting in the U.S., patient-parent dyads were 
randomized to a child intervention with massage and humor 
therapy; the same intervention, plus massage and relaxation/
imagery provided by the parent; or standard care [95]. No 
significant differences across treatment arms were observed 
regarding parental distress, global adjustment outcomes of 
depression, frequency of PTSD, or any other beneficial out-
comes with the interventions.

CAM in Survivorship

Pediatric cancer survivors frequently suffer from long-term 
and late effects related to their cancer and/or its treatment 
[96–98]. These often include fatigue and memory/learn-
ing difficulties, as well as general psychological distress. 
Survivors are at risk for developing cardiovascular disease, 
hormonal and immune deficiencies, and in some cases even 
secondary malignancies [99, 100]. Impaired QoL can affect 
daily functioning long into adulthood [101], highlighting the 
importance of providing these survivors with supportive care 
during the post-treatment period. Most of the research on 
this patient population has been focused on lifestyle changes, 
including technology-assisted interventions such as e-health 
to support physical activity and a healthy diet [102, 103]. 
Despite the widespread use of CAM among childhood can-
cer survivors [104], the research on the potential effective-
ness and safety of these modalities for ongoing QoL-related 
concerns is limited [105]. A study from China examined an 
educational program promoting the safe and effective use 
of TCM among childhood cancer survivors, addressing the 
implications of referring them to practitioners working with 
the cancer survivor community [106].

Mindfulness-based interventions have been shown to be a 
promising intervention during this period, addressing emo-
tional stress and improving QoL among adolescent cancer 
survivors. In a Belgian study, adolescent and young adult 
cancer survivors reported a significant reduction in emo-
tional distress following an 8-week MBSR intervention, 
with improved QoL at 3 months and a significant reduction 
in negative attitudes toward self on cognitive vulnerability 
parameters [107]. In another study from the U.S., adolescent 
and young adult sarcoma survivors responded positively to 
a mobile-based mindfulness and social support program, 
though no significant psychological functioning parameters 
were found to improve [108]. In another U.S. study, the 
feasibility of a yoga program for children and adolescents 
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during survivorship found a significant decrease in anxiety 
scores [109].

A scoping review mapping the possible benefits and 
risks of wilderness therapies found that spending time 
in nature may increase social involvement, self-esteem, 
self-confidence, self-efficacy, social support and physical 
activity of childhood, adolescent and young adult cancer 
survivors [110]. A number of wilderness programs (includ-
ing mind–body exercise) have been developed in the U.S. 
and Sweden to specifically meet the needs of adolescents 
after cancer treatment. A preliminary evaluation of these 
programs found them to be safe and of interest to pediatric 
cancer survivors, potentially improving physical function-
ing, anxiety, depression, fatigue, peer relations, nature-con-
nectedness and QoL [111–113].

CAM in Palliative Care

A number of systematic reviews have explored the effective-
ness of palliative pediatric care in pediatric palliative care 
and home-based services [114, 115]. One review assessed 
the effectiveness of CAM therapies in the management of 
symptom clusters in children and adolescents undergoing 
palliative cancer care [116]. Of the five quasi-experiments 
meeting the review’s eligibility criteria, three studies found 
a significantly beneficial effect with therapeutic massage and 
Reiki in addressing the pain-anxiety-worry-dyspnea cluster. 
A pilot study from Canada found an immediate decrease 
in pain and worry with massage provided during palliative 
cancer care, though the long-term effects of this intervention 
were unclear [117].

Parent and Informal Caregiver Perspectives

The health-belief model of care among parents and guard-
ians of children with cancer often includes decision-making 
based on personal experience with CAM, religious beliefs 
and recommendations from family members and friends 
[118]. In contrast, health-belief models of care among HCPs 
are invariably oriented first and foremost to evidence-based 
research and published clinical guidelines [119]. A qualita-
tive study from the U.S. found that many pediatric oncolo-
gists report a need to “negotiate” with parents about CAM 
use, addressing issues such as delaying or refusing anti-
cancer treatment; non-adherence to conventional treatment 
regimens; or even stopping treatment altogether [120]. A 
national survey of parents of children with cancer in Ger-
many found that a lack of trust in conventional medicine was 
rarely associated with increased use of CAM [121]. This 
may reflect more of a practical approach than an “alterna-
tive” paradigm of care, as can be seen by an increased use 
of CAM following failure of first-line anti-cancer therapy 
[122], or during palliative or end-of-life-care [123, 124]. At 

the same time, parents are less likely to consider CAM as the 
time from relapse of the disease progresses [125].

The research examining the impact of the pediatric IO 
model on the treatment of parents or other informal car-
egivers of children with cancer is extremely limited. A 
University of Minnesota School of Nursing study explored 
the impact of massage in children-parent dyads, conclud-
ing that the intervention was more effective than “quiet 
time” at reducing heart rate in children; anxiety in younger 
children (< 14 years); and anxiety among parents [126]. 
Spiritual interventions, reflecting the more religious pole 
of mind–body modalities, were examined in two RCTs con-
ducted in Iran. In the first study, Borjalilu et al. randomized 
42 mothers of children diagnosed with cancer to a spiritual 
care training or a control group [127], with a significantly 
greater effect found on anxiety and spiritual-religious scores 
in the intervention group. In the second study, Ahmadi et al. 
found a significant reduction of anxiety among mothers of 
children with cancer who underwent a 20-min, 3-day writing 
technique intervention addressing their desires, wishes and 
expectations from Allah, when compared to controls whose 
writing described only their normal daily schedule [128]. 
These limited findings should encourage further research 
examining the potential role of IO in addressing concerns 
among parents and other informal caregivers of children 
with cancer. The goals of this research should address qual-
ity of life-related concerns among the child’s parents (e.g., 
anxiety, pain, fatigue and appetite loss), as well as improv-
ing coping, functioning, and resilience along the journey of 
pediatric cancer.

Clinical Implementation

While the evidence supporting the role of pediatric IO is 
still limited, the findings presented in this review indicate 
that they should be considered, as part of the supportive 
and palliative care the patient is receiving. The following 
aspects regarding the establishment and running of a IO pro-
gram within the pediatric oncology/hemato-oncology setting 
should be included:

1. Setting goals: Focus primarily on QoL-related concerns 
for frequently reported adverse effects of conventional 
anti-cancer treatments, especially those for which cur-
rent supportive/palliative care options are of limited 
effectiveness (e.g., cancer-related fatigue, nausea, sto-
matitis). It is important to clarify that these are the pro-
gram’s goals, as opposed to what may be expected by the 
child’s parents who may have an “alternative” approach 
to CAM, as a replacement for conventional treatment 
while providing a “cure” for their child’s cancer.
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2. Promoting effective communication: Provide training 
to the Pediatric IO team which includes communica-
tion competencies with respect to children, parents and 
siblings. This is especially true, though not exclusively, 
for those expressing an “alternative” health-belief 
model, with a high affinity to alternative and traditional 
medicine within the context of religious, spiritual, and 
cultural beliefs and values. Training should address 
language and cultural barriers, while promoting com-
munication with other healthcare providers to enhance 
the multi-disciplinary team collaboration.

3. Safety First: Safety is a key issue which needs to 
be addressed in the Pediatric IO setting. This relates 
not only to the potential for adverse effects of CAM 
interventions, as well as negative interactions with 
oncology treatments, but also to the need for aware-
ness among the patient’s oncology HCPs that they are 
using these therapies in conjunction with conventional 
anti-cancer treatments [129••]. Pediatric IO services 
should include an integrative oncology HCP in the 
pediatric oncology/hemato-oncology team. This may 
reduce the risks associated with the use of unmoni-
tored and unproven CAM therapies outside the con-
ventional oncology setting. Integrative oncology HCPs 
are trained in and thus able to participate in the ‘two 
worlds’ of evidence-based conventional and CAM 
paradigms of care, communicating with patients, par-
ents and informal caregivers, including those with a 
high affinity to alternative and traditional medicine. 
They are often able to prevent delays in diagnosing the 
cancer; address issues related to avoidance and adher-
ence to integrative care; and, in some cases, facilitate 
the utilization of the available palliative care services 
[130, 131]. It is also extremely important to encour-
age safety/risk documentation during IO assessments, 
including for modalities considered safe (see Table 1 
for examples of these risks). At the same time, it is 
important that CAM-associated risks in the Pediatric 
IO setting are not over-diagnosed, but held to the same 
standard as conventional medical interventions.

a. In addition to the above points, it is important to 
provide training to pediatric IO consultants, who can 
then proactively provide guidance and advice on the 
safe use of herbal and dietary supplements, while 
ensuring that potential interactions with conven-
tional treatments are prevented. Pediatric IO prac-
titioners must also be knowledgeable in the clinical 
settings of pediatric oncology, including working 
in sterile conditions with bone marrow transplant 
patients; or treating a child at risk for a line infec-
tion (e.g., central venous port/picc lines; nasogastric 
feeding tubes; indwelling urinary catheters; etc.).

4. Specific challenges in pediatric oncology care: 
Address considerations specific to the pediatric-oncol-
ogy setting, such as extended hospitalization requiring 
bed rest, which can increase the risk of acute vascular 
thrombosis; and emotional and psychological distress. 
In the bone marrow transplant setting, the risk for graft-
versus host disease (GVHD) is high, leading to both 
physical and emotional stress on the pediatric patient, 
parents and family members, as well as on the oncology 
HCP.

5. Effectiveness of the CAM intervention: Review the 
scientific literature to ensure that the CAM interventions 
being used are evidence-based regarding effectiveness; 
and that they provide a significant added value to con-
ventional treatment, addressing unmet concerns of the 
child/adolescent and their parents. Table 2 presents pedi-
atric IO modalities which can be considered for specific 
pediatric oncology treatment-related toxicities.

6. Research and academic activities: Encourage clinical 
research in the clinical pediatric IO setting, including 
its role in supportive and palliative care, focusing on 
mental well-being and quality of life. Use explanatory 
(i.e., RCTs) and pragmatic (i.e., uncontrolled, observa-
tional studies) methodologies to assess the impact of 
the program, and to identify real and potential barriers 
to its implementation. At the same time, create medical 
education initiatives, acquainting medical students and 
nurses with the patient-centered and treatment-tailored 
CAM approach, within a multidisciplinary context of 
care involving pediatrics, oncology/ hematology, nurs-
ing, palliative care, and psycho-oncology.

Summary

The present narrative review presents the findings of much 
of the research on leading CAM modalities being used in 
the pediatric IO setting, with the goal of relieving symptoms 
and improving QoL among children and adolescents diag-
nosed with cancer. The review has a number of limitations 
include, first and foremost that it is not a systematic review 
with clearly defined criteria for inclusion of eligible studies. 
The inclusion of only English language papers may have 
excluded research in other languages which is relevant and 
important. Other limitations include the absence of a meta-
analysis of the evidence provided, or a process of quality 
assessment of the studies that were chosen.

Nevertheless, the review does support the potentially ben-
eficial effects for a number of CAM therapies in address-
ing QOL-related concerns among children and adolescents 
during active oncology/hemato-oncology treatment. The 
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research on CAM for long-term and late effects during sur-
vivorship and palliative/end-of-life care is extremely lim-
ited. In addition, only a small number of the included stud-
ies addressed the safety of the CAM therapies examined, a 
major concern which needs to be addressed. Finally, the lim-
ited amount of research available on the pediatric IO model 
of care, in which CAM therapies are tailored to the pediatric 
patient with cancer while addressing the health-belief model 
and expectations of their parents and community, needs to 
be addressed as well. Further research of this model of care 
is of utmost importance, and should focus on the alleviation 
of QoL-related concerns among both children/adolescents; 
their parents and other relatives; and finally, the conventional 
HCPs responsible with their care.
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