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Abstract

Background: Integrative medicine is used frequently alongside chemotherapy treatment in pediatric oncology,
but little is known about the influence on toxicity. This German, multi-center, open-label, randomized controlled trial
assessed the effects of complementary treatments on toxicity related to intensive-phase chemotherapy treatment in
children aged 1-18 with the primary outcome of the toxicity sum score. Secondary outcomes were chemotherapy-
related toxicity, overall and event-free survival after 5 years in study patients.

Methods: Intervention and control were given standard chemotherapy according to malignancy & tumor type. The
intervention arm was provided with anthroposophic supportive treatment (AST); given as anthroposophic base medi-
cation (AMP), as a base medication for all patients and additional on-demand treatment tailored to the intervention
malignancy groups. The control was given no AMP. The toxicity sum score (TSS) was assessed using NCI-CTC scales.
Results: Data of 288 patients could be analyzed. Analysis did not reveal any statistically significant differences
between the AST and the control group for the primary endpoint or the toxicity measures (secondary endpoints).
Furthermore, groups did not differ significantly in the five-year overall and event-free survival follow up.

Discussion: In this trial findings showed that AST was able to be safely administered in a clinical setting, although no
beneficial effects of AST between group toxicity scores, overall or event-free survival were shown.

Keywords: Pediatric oncology trial, Anthroposophic medicine, Mistletoe, Complementary cancer treatment, RCT,
Randomized controlled trial

Introduction

Background

Integrative medicine is used in up to 70% of adult oncol-

ogy cases [1] and up to a third of pediatric oncology

patients in Germany have been found to use some form
of integrative therapy during cancer treatment [2]. Of
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anthroposophic supportive treatment (AST) was used by
a third of patients in German pediatric oncological units
[3]. Deriving from an alternative-holistic medical tradi-
tion developed by Steiner and Wegman in the 1920s that
is well-established in Germany and in Europe, anthro-
posophic medicinal products (AMP) are used in cancer
treatment for symptom management, to achieve a stable
condition, to improve the tolerability of standard chem-
otherapy and improve the quality of life (QoL) [4]. AMP
in pediatric oncology consist of a range of plant and
animal-based tinctures, globules, extracts, injections,
and compresses [3]. Mistletoe, given in oral and inject-
able form, is the most frequently used AMP in oncology
and has demonstrated some benefit [5, 6]. Despite a cen-
tury of AST for oncological patients such as mistletoe,
the effect of treatments given in conjunction with stand-
ard chemotherapy is not well-studied in oncology and
even less so in pediatric oncology. Evaluated exceptions
have shown that in particular, children may benefit from
AST interventions [3, 7]. The small body of research that
does exist in pediatric oncology using AST has featured
case studies highlighting safety [8-10] and quality of
life for the young person [11, 12] rather than results of
planned clinical trials. Parents of children suffering from
intensive chemotherapy view AST as a possible means
of assisting their child through difficult circumstances,
but at the same time, the potential side effects of AST
necessitate better monitoring clinical trials [2, 13]. This
study is the first randomized controlled trial in pediat-
ric oncology to systematically compare the toxicity of
chemotherapy and survival in a 5-year follow up with or
without an add-on AST intervention during intensive
chemotherapy.

Objective and hypothesis including 5-year follow up data

This study investigated the influence of the AST concept
on the chemotherapy-associated toxicity in a randomized
clinical trial undertaken at 12 German pediatric oncol-
ogy clinics. The trial, consisting of an AST intervention,
compared an application of AMP in pediatric oncology
patients aged 1-18 undergoing standard chemotherapy
to the control without AMP. A base of 8 AMP plus 11
on-demand, indication-related on-demand AMP were
administered in the intervention group during the inten-
sive chemotherapy phase. The trial tested the hypothesis
that the AST would reduce the toxicity sum score for
pediatric oncology patients undergoing standard treat-
ment. The study documented long term changes with
5-year follow up data. The trial’s primary objective inves-
tigated the influence of the AST on the chemotherapy-
associated toxicity measured by means of a toxicity sum
score for hematology, mucositis, general condition and
infection using NCI-CTC scales and the overall safety
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in terms of overall survival (OS) and event-free survival
(EES) until the end of the 5-year follow up. The secondary
objective of the study was to investigate any decrease in
chemotherapy-associated toxicity.

Methods

Trial design

This clinical trial investigated the effect of the AST
for children undergoing chemotherapy combined
with standard clinical care from 2005 to 2013 at 12
tertiary-level pediatric care units throughout Ger-
many in a prospective, open-label, individually-rand-
omized, controlled, national clinical study with parallel
group design (Table 1: Inclusion & Exclusion Crite-
ria Anthroposophic Supportive Therapy Study). The
Institutional Review Board of Charité - Universitits-
medizin Berlin approved the trial as the responsible
ethics committee (EA2/141/05). The study was regis-
tered at the European Union (EU) Drug Clinical Trials
Register (EudraCT- No: 2004-002711-83) [14] before
its commencement. All participants provided written
informed consent in accordance to the Declaration of
Helsinki [15].

Three approved amendments were made to the origi-
nal study protocol after commencement of the study and
registered once the need for changes became apparent.
These included necessary changes made to the inclusion
of new and updated chemotherapy protocols, essential
adjustments to administered treatments, necessary revi-
sion of study administration and modifications to inclu-
sion/exclusion specifications.

Study recruitment

Patients aged 1-18 with planned chemotherapy with
a histologically and/or immunologically confirmed
pediatric malignancy according to the current stand-
ardized treatment protocol were regarded eligible for
trial recruitment and recruited from one of the 12
participating tertiary pediatric oncology units if the
written consent was given. At the baseline, age, gen-
der, educational background and familial situation was
recorded for both groups. Sample size was determined
based on the intention to decrease the NCI-CTC scale
sum score of 2.1 obtained in the ALL-BFM-2000 study
[16] by a clinically important difference of 10% to 1.9
in the intervention group (SD=0.6, alpha=0.05,
Power =80%).

Study intervention

Patients of the intervention group only were given the
AST regimen as an add-on therapy to standard chemo-
therapy treatment (see Fig. 1: Trial Design for the Pediat-
ric Anthroposophic Supportive Treatment).
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Table 1 Inclusion & exclusion criteria anthroposophic supportive therapy study

Inclusion Criteria:
- Age between 1 year and 18 years
« Morphologically and/or immunologically
- confirmed diagnosis of a following disease:
O Hodgkin's disease (EuroNET-PHL-C1)
O Acute lymphoblastic leukemia (ALL);
O (ALL- BFM 2000; ALL-BFM 2000 incl. EsPhALL)
O ALL (COALL 07-03)
O Relapse of ALL (ALL-Rez BFM 2002)
O Acute myeloid leukemia (AML) (AML-BFM 2004)
O Nephroblastoma (SIOP 2001 / GPOH)
O Germ cell tumors MAKEI 96
O Mature B-NHL / B-ALL (B-NHL - BFM 04; B- NHL
BFM Rituximab)
O Lymphobilastic lymphoma (until 06/2008
Euro-LB-02; from 07/2008 NHL-BFM 90)
O Medulloblastoma / PNET or
Ependymoma (HIT 2000)
O Brain tumors-highly malignant
(gliomas HIT-GBM-D; until 05/2009)
O Neuroblastoma (NB 2004 and
NB 2004 HR)
O Osteosarcoma (EURAMOS 1)
O Ewing’s sarcoma (until 09/2009 EURO-
EW.LN.G '99; from 10/2009 EWING 2008)
O Rhabdomyosarcoma (CWS 2002P;
until 6/2009)
« Protocol-compliant therapy for the included diseases
« Treatment in one of the study centers
- Patients must be available during the treatment period and be able to
comply with the study plan
« Written consent for participation from the patient or the legal guardian

Exclusion Criteria:

- Serious pre-existing/

co-existing psychiatric illness

« Other existing serious medical

condition that could interfere

with the patient’s ability to

receive trial- appropriate therapy

« Any other condition or therapy that,

in the opinion of the treating physician,

could pose a risk to the patient or interfere

with the objectives of the study

- Absence of or incomplete informed

consent form

+ Known allergies to any component of the

study medications

« Pregnancy or not using effective contraception (hormonal contraception,
barrier)

« Other experimental treatment during or within this study (including
chemotherapeutic drugs or immunotherapies not listed in the protocol)

Informed consent

Randomization
Chemotherapy End of Chemotherapy
4 4
Start of Chemotherapy Chemo-Block 1 | Chemo-Block 2 | | Chemo-Block 3 | | Chemo-Block n-1 | | Chemo-Block n
Evaluation Toxicity Visit 1 Visit 2 Visit 3 Visit 4

Anthroposophic Study
Medication

Fig. 1 Trial design for the pediatric anthroposophic supportive treatment

Day 1-10: Start of anthroposophic study medication

End of anthroposophic study medication

The AST consisted of base AMP including Helixor®,
and on-demand supplementary AMP given as needed for
symptoms (summary in Table 2: Anthroposophic Sup-
portive Treatment Base Medicinal Products and Sup-
plementary Table). The control group received standard
chemotherapy treatment without additional measures.
Administration of the AST intervention and chemo-
therapy protocol were tailored for each type of pediat-
ric malignancy included in the trial. This included both
the base and the on-demand AMP, which were admin-
istered based on acute symptoms during intensive

chemotherapy. The intervention group started the AST
between the day of randomization and day 10 of the first
chemotherapy cycle.

Study randomization

Randomization was centrally allocated at the study
headquarters (Charité) by trial administrators (GS,
CHH) into intervention and control group by a com-
puter supported standard operating procedure that
used a combination of unique code identifier and
abbreviation for the chemotherapy treatment.
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Results

Sample description

A total of 556 patients were screened for eligibility at
the 12 trial sites between September 2005 and Novem-
ber 2013 (cf. Fig. 2: Anthroposophic Supportive Treat-
ment Trial Consort Chart). Of these, 340 were found
eligible, sorted into their diagnosis groups and then ran-
domized. Reasons for ineligibility in the study were often
due to necessary expediency of treatment or complexity
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of individual clinical cases that complicated study inclu-
sion. After accounting for 52 (31 intervention, 21 control)
dropouts, 288 patients were included in the intention-to-
treat analysis (ITT), of which 216 patients completed all
observational visits and administered at least 75% of the
base study medications and could thus be included also
in the per-protocol analysis (PP).

Demographic and clinical parameters of the
patient groups can be found in Table 3: Baseline

Enrollment in Anthroposophic
Supportive Treatment Intervention
Trial

Patients assessed for eligibility
at 12 trial sites
(n =556)

Patients not suitable (n = 216)

| Patients randomised (n = 340) |

v

Group

ITT Analysis

Group

Received allocated intervention as intention-to-
treat- (ITT) (n = 139)

* Discontinuation (n = 57)

Mistletoe not/no longer used (n =19)

Incomplete base medication (n =9)
Changed/stopped chemotherapy (n = 6)

No base medication documentation (n = 1)

Other (n=4)

Adverse events/serious adverse events (n=11)
Progress/remission (n = 2)

AVANA N N NN

Received allocated intervention as intention-
to-treat- (ITT) (n= 149)

+ Discontinuation (n = 15)

Changed/stopped chemotherapy (n = 6)

Used complementary medicine (n = 4)

Other (n=1)

Adverse events/serious adverse events (n=1)
Progress/remission (n =1)

Withdrawal of consent (n = 2)

AENENENENEN

Withdrawal of consent (n = 2) (
v [
Analysed per protocol (PP) (n= 82) |

8

PP Analysis } v

Y 5-yr. Follow Up |} Y

Analysed per protocol (PP) (n = 134)

Overall Survival (OS) &
Serious adverse events (SAE)
ITTn=139, PP n= 82

Fig. 2 Anthroposophic supportive treatment trial consort chart

Overall Survival (OS) &
Serious adverse events (SAE)
ITTn=149, PPn= 134

Table 3 Baseline characteristics

ITT Population

PP Population

Intervention group  Control group  Total Intervention group  Control group  Total
Count (n) 139 149 288 82 134 216
Sex: Female 51 (36.7%) 58 (38.9%) 109 (37.8%) 35 (42.7%) 50 (37.3%) 85 (39.4%)
Sex: Male 88 (63.3%) 91 (61.1%) 179 (62.2%) 47 (57.3%) 84 (62.7%) 131 (60.6%)
Weight [kg] Range 34.5(8-110) 324 (8-92) 334(8-110)  35.0(10-92) 32.7(9-110) 33.5(9-110)

Study treatment duration

10.1 months (48.10)
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Characteristics. Baseline age, gender, educational
background and familial situation in both groups were
similar: About 62% of patients were male, average age
in the intervention group was 8years, while averaged
7.5years in the control. The intervention group body-
weight averaged 35kg and 32 kg in the control.

Patients suffering from an acute lymphoblastic leu-
kemia (ALL) by far made up for the largest group with
approximately 54% (154 / 288 ITT and 117 / 216 PP
patients). Only a minor fraction had previous illnesses
(< 15%).

Primary outcome: the toxicity sum score (TSS)

The underlying data for the custom-defined Tox-
icity Sum Score (TSS) was available for 279 of the
288 ITT (96.9%) and for 208 of the 216 PP patients
(96.3%). In the ITT analysis, the mean TSS was
slightly higher in the intervention group (12.143.92,
median =11.6) than in the control group (11.8 +4.54,
median =10.9), but slightly lower in the PP analysis
(11.4+3.58, median=11.4 in the intervention group
vs. 11.5+4.33, median=10.7 in the control group).
Neither of these differences became statistically sig-
nificant in the Mann-Whitney-U-Test, with p =0.257
and p=0.716 for the ITT and PP analysis, respec-
tively (Fig. 3: Toxicity Sum Score (TSS) Primary
Outcome).
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Secondary outcome: determination

of chemotherapy-associated toxicity

Analysis of 43 additional toxicity criteria on the effect
of AMP on other chemotherapy-related toxicity found
a statistically significant reduction in number of diar-
rhea episodes in the intervention group (ITT p=0.054;
Mann-Whitney-U-test and PP- intervention group
with p=0.044, Mann-Whitney-U-test). However, there
was no statistical significance for any other second-
ary outcome toxicity parameter in either the ITT or PP
population.

Adverse events

Adverse events were only recorded, and thus only ana-
lyzed, for the patients in the intervention group (initially
170 patients) who had self-administered at least one of
the AMPs during the observational period (n=163). All
in all, 607 AE were documented in 123 patients, among
them 532 (87.6%) with secured (n=472), probable
(n=7), possible (n=49) or undecidable (n=4) causal
relationship to the treatments.

The majority of the cases with secured causality, i.e. 447
cases observed in 105 patients, were accounted for by
local inflammations at the injection site after subcutane-
ous administration of Helixor® A with a diameter of 5cm
and more. While local reactions from 2 to 5c¢m in diam-
eter are expected and even desired in mistletoe therapy,
reactions with diameters of more than 5cm are regarded

Primary Endpoint
o)
25 - © O
@ c 8 g
o T o
3 20 _8_
€
& 15 -
Py
S 10 -
3
o
=
5 1 4
0 (@) o (@]
Control Interv Control Interv
ITT PP
Fig. 3 Toxicity Sum Score (TSS) primary outcome
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as AE by the study protocol and thus documented. All
other AE were related to the remaining products and
were only observed in single cases.

Serious adverse events

In contrast to AE, Serious Adverse Events SAE were
recorded for the intervention and the control group. In
total, 15 SAE in 11 patients were recorded for the main
study period. Thorough evaluation by the study manage-
ment and the Data and Safety Monitoring Committee
(DSMC) showed that all SAE were related to chemother-
apy-associated toxicities and not to the additional AST
and were thus assessed as mislabeled records in the sense
of the study protocol. Three of the misrepresented SAE
had a lethal outcome with sepsis. Two were in the inter-
vention group: one with fulminant sepsis with lethal out-
come and the other with fulminant sepsis with absolute
neutropenia and presumption diagnosis of intestinal
perforation; these had no determined causal relation-
ship with the intervention study medication. The third
SAE occurred in the control group. According to the
assessment of the study management, the cause for these
SAE stemmed from the chemotherapy with which these
patients were treated.

Outcome of five-year follow up on event-free and overall
survival & safety
Overall survival rates (OS) and events-free survival rates
(EFS) were based on the intention-to-treat population
(288 patients). For the analysis, data of patients in 12
groups with comparable chemotherapy were evaluated
(upper half of Fig. 2). None of them showed a statistically
significant difference according to the log-rank test, when
Bonferroni correction was applied for multiple testing
(alpha*=0.0045). In the remaining six groups (ALL oth-
ers, COALL Non-HR, Non-Hodgkin-Lymphoma, glio-
blastoma, germ cell tumor, nephroblastoma), no survival
data analysis (log-rank test) could be applied because
only one or no patient had died in the group.

Event-free survival rates (EFS) did not reveal any sta-
tistically significant differences between the two groups
(lower half of Table 4).

Discussion

This randomized controlled clinical trial investigated
the efficacy and safety of an anthroposophic supportive
therapy concept consisting of 19 investigational medici-
nal products, applied as a base and on-demand therapy
in addition to standard chemotherapy treatment in chil-
dren with cancer. For the primary efficacy parameter, the
toxicity sum score found no advantage for administration
of the anthroposophic supportive therapy that could be
demonstrated. Further NCI-CTC toxicity index scores to
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analyze secondary efficacy parameters only showed an
advantage for the administration of the supportive ther-
apy in the reduction of the toxicity index score for diar-
rhea in the PP-population. In the long term follow up, the
explorative analysis of the data available for the 5-year
follow up found no indications that efficacy of chemo-
therapy was influenced by AST. For long-term toxicities
there were also no indications of an influence of AST. The
AST-concept can be considered as safe in the long-term
observation.

Trial findings confirmed that AST was able to be safely
administered in a clinical setting. Overall, the analysis
of AE including clinical experiences did not reveal any
evidence of safety concerns with respect to the adminis-
tration of the anthroposophic supportive therapy. Addi-
tionally, results of this study found no concerns of the
compatibility of anthroposophic supportive therapy with
the chemotherapy. This study demonstrated that the
administration of the anthroposophic supportive therapy
did not disrupt or delay therapy application in the inter-
vention group, which is a crucial precondition for effec-
tive administration of chemotherapy.

This study showed the feasibility of conducting a high-
quality, digitally-centralized randomized, scientific evalu-
ation of an integrative therapy at multiple centers in the
pediatric oncology setting. To our knowledge, there has
only been one published comparable randomized study
of an integrative therapy in pediatric oncology [17]. A
strength of this first randomized controlled trial of a com-
plementary anthroposophic treatment to be conducted
within pediatric oncology demonstrated the safety of the
intervention, the most critical overall outcome. This is
comparable to findings in other randomized studies with
adults [18, 19]. Additionally, the trial was conducted with
a high methodological standard with centralized digital
data management and inclusion of multiple centers, and
provided long term follow up of the intervention effects.

Limitations

Limitations, however, should also be mentioned. The
complexity of the range of base and on-demand AMP
necessitated clearer application guidelines at the study
outset that may have permitted more extensive use in
symptom treatment. This, on the other hand was difficult
to tailor to individual participant tumor entities given the
heterogeneity of malignancies included in the trial.

While other studies have reached the conclusion of a
weak evidence base for single substance efficacy such as
with viscum album (mistletoe) given in oncology trials
with adults [5], marked quality of life factors have still been
found to improve [18, 20]. As one of the success stories in
oncology, adjustments to treatment dosages and schedules
in pediatric oncology therapy has led simultaneously to an
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Table 4 Secondary outcomes chemotherapy-associated toxicity parameter list
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Secondary outcome parameter:

Neutrophil granulocytes

Neutropenia, number of days

Red blood cell transfusion

Transfusion of thrombocyte concentrates

Fever, maximum temperature

Antibiotics

Antimycotics/antifungals

Catheter infection

Number of C-reactive protein values/measurements above the norm

Number of C-reactive protein
Values threefold above the norm

Maximum CRP value

Days with fever above 38,5°C

Nausea

Emesis

Stomatitis

Number of days with stomatitis
Abdominal pain/cramping

Gastritis

Obstipation

Diarrhea episodes per day

Pancreas ultrasonography/sonography
Thrombosis

Creatinine clearance

Steroid diabetes

Cushing syndrome

Arrhythmia

Cardiac function

Echocardiography, left ventricular shortening fraction
Pain

Central neurotoxicity

Fatigue

Peripheral neurotoxicity

Mood swings: depression

Mood swings: anxiety

Mood swings: euphoria

General wellbeing

Skin alterations

Osteonecrosis

Delay in onset of the last treatment block
Hemoglobin

Thrombocytes

Leucocytes maximum value
Leucocytes minimum value

CRP maximum value

Alpha lipase

Glucose

Aspartat amino transferase (AST, ASAT)
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Table 4 (continued)
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Secondary outcome parameter:

Alanin amino transferase (ALT, ALAT)
Bilirubin

Creatinine

Amylase

Fibrinogen

Antithrombin [l (AT-IIT)

Proteinuria

prothrombin time (PTT)

increase of survival and targeted therapeutics with better
outcomes and resulting in less toxicity [21, 22]. One pos-
sible explanation for a lack in demonstrable gains in toxic-
ity measures is the ceiling effect of targeted treatments and
optimized symptom management.

However, studies that systematically research the
effects of combined and comprehensive AST have been
markedly absent. This study contributes significantly to
this data gap whereby integrative treatments such as AST
are in demand [7] especially in pediatric oncology. AST
and other integrative treatments are often already being
given by parents of children suffering from chronic con-
ditions such as cancer in Germany as a possible means
of assisting their child through difficult circumstances
without specific effects being monitored within clinical
trials [2, 13]. A singular known case report has previously
raised the possibility of a connection between the promo-
tion of tumor progression of a non-Hodgkin lymphoma
at the subcutaneous injection site of viscum album ther-
apy [23]. However, this study makes a strong case, along
with other published findings, to demonstrate the safety
of mistletoe injections in pediatric oncology [24, 25].
Where other areas of integrative medicine have shown
efficacious results [26], facilitating a study design that
investigates efficacy of combined AMP has provided an
important lesson for the design of future research. Logis-
tical and financial trade-offs must be carefully weighed
and caution is needed in expediating hopeful outcomes
for pediatric oncology patients, even if potential benefits
to the quality of life may exist. While rigorous research
is still needed for the application of comprehensive AST,
a targeted approach, focusing for instance on one malig-
nancy population or with a mixed-method design would
potentially better capture effects of AMP.

Conclusions

This study investigated an anthroposophic supportive
therapy concept consisting of 19 medications as add-on
therapy to standard treatment in children with cancer.

For both the primary target criterion toxicity sum score
and secondary target parameters, no advantage of using
anthroposophic supportive therapy could be shown in
this setting. Considering the previous clinical experi-
ence in the study population, it can be assumed that
the anthroposophic supportive therapy can be applied
safely. A key result is that there was no delay in therapy
or reduction in therapy in the intervention group nor a
statistical difference in 5-year survival as a result of the
use of anthroposophic supportive therapy; an essential
precondition for effective application of chemotherapy.
Notable methodological and logistical lessons were dem-
onstrated about the application of a supportive therapy
concept in pediatric oncology that has important trans-
ferability for future research.
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