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Abstract

Background: Mistletoe extracts (ME) are used in integrative cancer care to improve quality of life and to prolong survival.
ME are available from different producers and differ in pharmaceutical processing, such as fermentation. In contrast
to fermented ME, the impact of unfermented extracts on the survival of cancer patients has not yet been assessed in
a meta-analysis. Methods: We searched the databases Embase, CENTRAL, Europe PMC, Clinicaltrials.gov, Opengrey
and Google Scholar, and selected controlled studies on cancer patients treated with non-fermented ME. We included
randomized controlled trials (RCTs) and non-randomized studies of intervention (NRSIs). The risk of bias was assessed
with Cochrane’s ROB2 and ROBINS-I; a meta-analysis was conducted. Results: Eleven RCTs and eight NRSIs met the
inclusion criteria. The studies were heterogeneous and their ROB2 and ROBINS-I displayed a moderate and high risk of
bias, respectively. For RCTs, the pooled effect estimate of non-fermented ME on survival was HR=0.81 (95% Cl 0.69-0.95,
P=.01). Subgroup analyses as well as the NRSIs estimation support the robustness of the finding. When active comparators
are added to the analysis, the effect estimates become non-significant. Conclusion: The results may indicate a positive
impact of non-fermented ME on the overall survival of cancer patients. High quality RCTs are necessary to substantiate
our results.
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Introduction stimulate anti-cancer VY9V32 T cells® and to have different
cytotoxic effects on Molt 4 cells and HTC cells.’

It is therefore interesting to determine whether the differ-
ence in molecular composition results in different clinical

Cancer is a leading cause of death, accounting for an esti-
mated 1 in 6 deaths worldwide.! Due to the demographic

change the WHO has forecasted the incidence to rise from o (o While a meta-analysis showed a superiority of fME

égf rr211113110n new: cancer ca;es mn h20é0 to 30.2 r}rln lh(;n n compared to control on survival in cancer patients, with an
040.% Extract preparations from the European white-berry o204 effect size of HR=0.59 (95% CI 0.53-0.65),° a
mistletoe (Viscum album L.) have been used as a supportive

cancer treatment for decades.’

Two types of mistletoe extracts can be distinguished: fer-
mented mistletoe extracts (fME) and unfermented ones
(uME). While the brand Iscador represents fME, abnoba-
Viscum, Helixor, Eurixor, Isorel, and Plenosol are brand \CHSnstitute. Berlin. G

. -Institute, berlin, ermany

names. of UME AlthOUgh the exact phamaCOIOglcal mode ZNext Society Institute, Kazimieras Simonavicius University, Vilnius,
of action is not completely understood, differences appear Lithuania
for fME and uME, since the extraction profile is strongly .
d dent on pH.® Untargeted metabolomics identified Corresponding Author:

cpendent on pti. g : Harald Walach, CHS-Institute, Schénwalder Str. 17, Berlin D-13347,
strong differences between extracts from different manu- Germany.
facturers.” fME and uME have been reported to differently ~ Email: hwalac@gmail.com

comparable study has not been conducted for uME. Hence,
our goal is to systematically review and quantitatively ana-
lyze the literature regarding treatment effects of uME on the
survival of cancer patients.
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Methods

The protocol was registered at PROSPERO with the num-
ber CRD42021233177. The review is reported according to
PRISMA.

Literature Search

We searched the databases Embase, Pubmed, OpenGrey,
CENTRAL, clinicaltrials.gov, and EuropePMC. Additionally,
we hand-searched references lists, Google Scholar and the
database of the Verein fiir Krebsforschung (https://www.
vfk.ch/informationen/literatursuche/). The databases were
searched with the following terms:

1. Mistel or mistletoe or Helixor or Iscucin or Eurixor
or Lektinol or Vysorel or Isorel or Cefalektin or
Viscum or Abnobaviscum or Plenosol or Viscum.

2. Krebs or cancer or neoplasm/or tumor or tumor or
oncolog* or onkologie or carcin® or malignant or
metastasis.

3. #2 AND #3.

The hand-searches in Google Scholar and the database
Verein fiir Krebsforschung used combinations of the terms
under #1 and #2 or single terms (eg, Iscucin), respectively.

The searches were performed without any limitations
regarding language or year of publication. In case of studies
that reported the survival impact of uME and fME without
differentiation, we contacted the authors for details. In each
case we received the data for the uME only and analyzed
them separately.

Exclusion and Inclusion Criteria

We included studies comparing the effect of uME on the
survival of cancer patients in one group to at least one
further control arm (eg, placebo, no treatment, active
treatment). Relevant study outcomes were overall, pro-
gression-free and disease-free survival (OS, PFS, DFS) or
their corresponding time-to-event parameters, respectively.
Randomized controlled trials (RCTs) and non-randomized
studies on intervention effects (NRSIs) were chosen to
account for the highly individualized therapy under mistle-
toe in the real world; this might be better represented by
NRSIs than by RCTs. Studies were excluded if they did not
meet the above inclusion criteria.

Quality Assessment

The RCTs were assessed with the Cochrane Risk of Bias
Tool 2 (ROB2) whereas the NRIS were assessed with the
Cochrane’s ROBINS-I.

Data Extraction

Two researchers independently extracted the data and
entered it into a spreadsheet. The following characteristics
were used: study characteristics (country, blinding status,
retro-/prospective design, RCTs vs NRSIs, single vs multi-
center, sponsoring), patient characteristics (age, gender,
cancer type, stage, number per treatment arm, drop outs),
treatment details (control (eg, placebo), intervention dura-
tion, uME type, additional therapy), outcome aspects (type
of outcome, Kaplan Meier curve vs no KM curve, the natu-
ral algorithm of hazard ratio (HR) and its standard error
(SE)).

The spreadsheets were compared and discrepancies were
resolved by discussion.

Statistical Analysis

The summary measure was Hazard Ratios (HR) with their
corresponding 95% confidence interval. We extracted HR
directly from the included studies if available. In case only
other summary time-to-event data (eg, Kaplan Meier curves,
relapse or survival rates) were presented, we obtained HR
based on published transformation procedures.!! Raw data
were provided by 4 authors and analyzed with multivariate
Cox regression based on the statistical approach of the origi-
nal publication if possible. When studies reported more
than one comparator (eg, uME + chemo vs chemo vs active
control + chemo), we included the comparator that was
more common in the remaining studies (eg, chemo) in the
main analysis.

Missing P values for reported event rates were calcu-
lated with a Chi? test. In case of no events in one study arm,
we applied a constant of P=.5. HR <1 indicates superiority
of uME in our analysis.

The between-study heterogeneity was tested with
Cochran’s Q test and the index of heterogeneity (12).!? As a
rough guide ranges of I? between 30% and 60%, 50% and
90%, and 75% and 100% indicates moderate, substantial
and considerable heterogeneity, respectively.!?

Possible sources of heterogeneity were investigated by
subgroup analyses of pre-defined moderators (country, can-
cer type, tumor stage, ME type, control type, additional
treatment, risk of bias, and intervention duration).

In addition, we conducted sensitivity analyses to test the
impact of alternative decisions during our analysis. To
account for methodological heterogeneity 2 studies had
been excluded from the main analyses.!> A prospective
NRSI with an active control'* was included in the sensitiv-
ity analysis of retrospective NRSIs without active controls.
In the same vein, we added an RCT with an active control"®
to the pooled analysis of RCTs. Finally, we tested our deci-
sion for dealing with multiple comparators in 2 studies'®!’
by including the alternative controls instead.
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Records identified from database
search (n =3672)

Duplicates removed (n =685)

Records screened
(n =2987)

A 4

> Records excluded after abstract

Full-text articles assessed for
eligibility (n = 65)

screening (n =2922)

Full-text articles excluded, with

\ 4

Studies included in qualitative
synthesis (n = 19)
11 RCTs
8 NRSlIs

reasons (n = 46)*

Figure |. Flow-chart of literature search. *Reasons for exclusions: Treatment with fME or mix including fME (14 studies), double
publication (7X), survival not as outcome (7X), no control group (16X), and insufficient information (3X).

A possible publication bias was investigated by visual
inspection of funnel plots, Egger et al’s test'® and Duval and
Tweedie’s trim-and-fill method."’

The meta-analyses were conducted using Review
Manager 5.4. The publication bias was analyzed with R
4.0.2 and the meta package, the Cox regression were calcu-
lated with R 4.0.2 and the survival and the survminer
packages.

Results

In total, 3672 titles with possible relevance were identified
(see Figure 1). Eleven RCTs'>"17:20-27_ eight NRSIs!4?8-34 met
the inclusion criteria. The characteristics of the included
studies (eg, the survival measure) are shown in Table 1.
Two studies compared cancer patients treated with uME
or an active control.'*!'> With regard to methodological
homogeneity, they were only included in the sensitivity
analyses.

RCTs and retrospective NRSIs were analyzed separately.
The pooled effect estimate of uME on the overall survival
of cancer patients is HR=0.81 (95% CI 0.69-0.95), P=.01
when RCTs were analyzed with a fixed-effect model (see
Figure 2). The corresponding heterogeneity was 12=0%.
For NRSIs, the pooled effect size is HR=0.63 (95% CI 0.4-
1.01), P=.05 and the heterogeneity was I>=89%, as shown
in Figure 3. An explorative conjoint analysis of RCTs and
NRSIs is shown in the supplement (see Supplemental
Figure S2).

Risk of Bias

The risk of bias for RCTs was assessed with Cochrane’s
ROB2. Eight studies had an overall rating of “some con-
cerns” while 3 had a high risk of bias (see Figure 4 for a
summary and Figure 5 for a detailed view of the ratings).
The NRSIs were assessed regarding their risk of bias by
using Cochrane’s ROBINS-I. The ratings per domain are
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Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight [V, Fixed, 95% CI IV, Fixed, 95% CI
Cazacu 2003 -0.2357 0168 24.7% 0.79[0.57,1.10) —
Douwes 1986 -0.007 027 9.6% 0.99[0.58, 1.69) S
Douwes 1988 -0.51 0382 48% 060([0.28,1.27)
Goehell 2002 01934 0305 7.5% 1.21[0.67, 2.21) e
Gutsch 1988 0.0276 02845 8.6% 1.03[0.59,61.80)
Heiny 1987 -0.411 0298 7.8% 066[0.37,1.19) I —
Lange 1988 -0.3976 018 21.5% 0.67[0.47, 0.96) —_—
Lenartz 2000 -0.2627 0342 6.0% 0.77[0.39,1.50) —_—Tr
Steuer-Vogt 2001 -0.0419  0.321 6.8% 0.96[0.51,1.80) ——
Troger 2016 -0.2845 0494 29% 0.75(0.29,1.98)
Total (95% Cl) 100.0% 0.81[0.69, 0.95] <
Heterogeneity: Chi*=5.51, df=9(P=0.79); F= 0% 052 055 é
Test for overall effect: Z=2.52 (P =0.01) ’ Fav.ours [VA] Favours [control]

Figure 2. Forest plot of meta-analysis pooling RCTs on unfermented mistletoe extracts regarding the overall survival in cancer

patients.
Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Adner 2016 -0.3764 0.1956 16.0% 0.69[0.47,1.01) —
Beuth 2008 -0.0736 0.0638 17.7% 0.93[0.82,1.05) -
Boie 1980 -0.963 0.3813 12.3% 0.38[0.18,0.81)
Prediger 1956 -0.1393 0474 105% 0.87 [0.34, 2.20)
Schad 2018 -0.7185 0.2501 15.0% 0.49[0.30, 0.80] ————
Schumacher 2003 -1.273 0.1684 16.4% 0.28[0.20,0.39) =
Thronicke 2020 0508 0388 121% 1.66 [0.78, 3.56) I
Total (95% Cl) 100.0% 0.63 [0.40, 1.01] e
Heterogeneity: Tau®= 0.32; Chi*=55.82, df=6 (P < 0.00001), = 89% 012 055 é é
Test for overall effect: Z=1.94 (P = 0.05) : Favobrs [VA] Favours [control]

Figure 3. Forest plot of meta-analysis pooling retrospective NRSIs on unfermented mistletoe extracts regarding the overall survival

in cancer patients.

shown in Figure 6. All studies had a serious risk of bias, but
none a critical one.

Subgroup and Sensitivity Analysis

The results of the subgroup and sensitivity analyses for
RCTs are presented in Tables 2 and 3, respectively. In par-
ticular, after including the one RCT that (only) used an
active comparator (IFN-o 2b, IL-2, 5-FU) effect sizes
diverged and the pooled effect size became non-significant'>
(see Table 3), with HR=0.94 (95% CI 0.71-1.25), P=.68.
The same is true for one NRSI with an active compara-
tor (Bacillus Calmette-Guerin).!* If this study is added to
the meta-analysis of retrospective NRSIs without active
comparator, the effect size becomes non-significant with
HR=0.68 (95% CI 0.45-1.03), P=.07 (see Table 3).

For NRSIs, we conducted no subgroup analyses due to
the low number of studies.

Meta-regressions of study year and study size were non-
significant for RCTs. In NRSIs, study size was signifi-
cantly associated with effect size (Intercept: LogHR =—0.52,
P=.0007; Slope 0.00065, P=.01). The larger the study, the
larger the effect size (see Figure 7).

Publication Bias

For RCTs, we assessed a possible publication bias by visual
examination by Egger’s test and by the Duval & Tweedie’s
trim-and-fill procedure. None of these indicated the pres-
ence of a funnel plot asymmetry. The Egger’s test resulted
in an intercept of /=0.518 (95% CI —1.11 to 2.15), P=.55).
The trim-and-fill procedure yielded no truncation or
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Randomization process

Deviations from intended interventions

Mising outcome data

Measurement of the outcome

Selection of the reported result

Overall Bias
0 10 20 30 40 50 60 70 80 90 100
M Low risk Some concerns M High risk
Figure 4. Summary of risk of bias assessment of RCTs with ROB2 as percentage (intention-to-treat).
Study ID Experimental Comparator Outcome D1 D2 D3 D4 D5 Overall
Brinkmann 2004  Eurixor Interleukin, Interferon  overall survival . . . . ! .
Cazacu 2003 Isorel no active control overall survival . ! . . ! @
Douwes 1986 Helixor no active control relapse rate ! ! ‘ . ! @
Douwes 1988 Helixor no active control overall survival ! ! ’ . ! @
Goebell 2002 Lektinol no active control disease-free survival ‘ ! . ‘ ! @
Gutsch 1988 Helixor no active control overall survival ! . . . ! .
Heiny 1997 Eurixor no active control relapse rate . ! . . ! @
Lange 1988 Helixor no active control relapse rate ! ! ! . ! @
Lenartz 2000 Eurixor no active control overall survival . . ' ' ! .
Steuer-Vogt 2001 Eurixor no active control disease-free survival . ! . . ‘ @
Troger 2016 Helixor no active control disease-free survival ‘ ! . ‘ ‘ @

Figure 5. Risk of bias assessment of RCTs with ROB2 by domain (intention-to-treat); Brinkmann 2004 compares uME with an active

comparator and is only included in the sensitivity analysis.

addition of studies and consequently no bias-corrected
effect estimation.

For the NRSIs, the number of studies is too low in order
to assess a publication bias.

Discussion

In summary, our analysis resulted in a significant (P =.05)
survival benefit for cancer patients treated with uME. This
finding is similar for RCTs and NRSIs, respectively. The
result should be seen in the light of a moderate to serious

risk of bias and the sensitivity of our meta-analyses with
regard to studies with active comparators.

Limitations of Evidence Included

The heterogeneity of the NRSIs meta-analysis was high.
There are multiple sources of heterogeneity, e.g., different
types of uME, cancer types and stages, and a long range of
years in which the studies were conducted, starting as early
as 1956. On the other hand, our subgroup analysis showed
that the meta-analysis of RCTs is robust against multiple
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Domains:

D1: Bias due to confounding. Higeman
D2: Bias due to selection of participants. ‘ Critical
D3: Bias in classification of interventions. . Serious
D4: Bias due to deviations from intended interventions.

D5: Bias due to missing data. - Moderate
D6: Bias in measurement of outcomes.

D7: Bias in selection of the reported result. ‘ Low

Figure 6. Risk of bias assessment of NRSIs with ROBINS-I by domain; Elsdsser-Beile 2005 compares uME with an active comparator
and is only included in the sensitivity analysis.

Table 2. Subgroup Analysis of the RCTs Meta-Analyses (see Figure 2).

Moderator N studies HR 95% ClI Heterogeneity |2 (%) z-score P-value
Cancer type

Colorectal cancer 3 0.81 0.62 1.05 0 1.59 NN

Other 7 0.8l 0.66 | 0 1.96 .05
Product type

Helixor 5 0.7 0.6 0.83 7 429 <.0001

Eurixor 3 0.78 0.54 1.12 0 1.34 .18
Type of survival

(ON 4 0.8 0.63 1.03 0 1.73 .08

Other 6 0.78 0.62 0.97 22 2.24 .02
Tumor stage

-3 5 0.82 0.65 1.03 0 1.7 .09

Including stage 4 6 0.82 0.64 1.06 0 1.53 A3
Risk of bias

High risk 2 0.91 0.59 1.4 0 0.42 .68

Some concern 8 0.79 0.67 0.95 0 2.56 .0l

moderators, resulting in a statistical heterogeneity of 0% in surrogate endpoints of overall survival although they are
the meta-analysis pooling RCTs. not identical. Multiple meta-analyses, however, have shown

Another limitation of the included evidence is that  astrong correlation between time to progression and overall
we used relapse rates and progression-free survival as survival for different cancer types including colorectal,
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Table 3. Sensitivity Analysis of the RCTs Meta-Analyses (see Figure 2) and NRSIs (see Figure 3).

Moderator N studies HR 95% ClI Heterogeneity I (%) z-score P-value
RCTs
Including'® (active comparator) I 094 071 1.25 64 0.41 .68
Active control instead of inactive for'® 10 0.83 071 098 0 221 .03
Including'® and active control for'® I 096 073 1.28 66 0.26 79
uME compared to no therapy instead of chemo for'” 10 0.8 068 0.94 0 0.267 .008
NRSIs
Including'* (prospective NRSls, active comparator) 8 0.68 045 1.03 88 1.8 .07
Regression of Study Size on Log hazard ratio
0,60
0,34 -
0,08
o _
= 0,18 - _ -
- .
© , s _
S 04 ;
= =
S 070 -
(1]
£ 0,96 -
(=)
o 1,22 -
= |
-1,48 ‘
-1,74 *“
-2,00 ~
0 52 130 208 286 364 442 520 598 676 753
Study Size

Figure 7. Meta-regression plot of study size (x axis: number of participants in study) versus LogHR for NRSlIs.

breast and lung cancer.>*® The validity of the surrogacy
and its reciprocity are still under discussion or unclear.*

Finally, the number of included studies is low and there
is at least some concern regarding the risk of bias for all
studies. This risk of bias rating is to a large degree due to the
fact that mistletoe studies are very rarely blinded; none
were in our study pool either. This is due to the fact that
mistletoe injections produce local temporary side effects,
such as rash.*” In order to blind the mistletoe application, an
active placebo would have to be applied which investiga-
tors are hesitant to do for ethical reasons and ethics commit-
tees often refuse if requested.?’” Similarly, regulators
consider blinding not to be mandatory at least in RCTs
assessing overall survival since a placebo effect is not
regarded as likely for this outcome and observer bias for the
date of death can be excluded.*! The risk of bias rating is to
some extent an artifact of the intervention studied. However,
disease or event free survival are potentially subject to an
assessment bias*! which may impact our results since 7 of
the included studies report surrogate of overall survival
only.

Limitations of the Review Process

We included RCTs and NRSIs in our systematic review. To
enable comparability between the studies, we analyzed
RCTs and NRSIs separately and only pooled both groups
for an overall sensitivity analysis and external comparabil-
ity. Although the resulting effect sizes of RCT and NRSI
analyses cannot be simply compared with each other,'? it
might allow us to speculate on the effect estimate in a the
real world setting which is rather represented by the NRSIs.
In contrast, one should bear in mind the possible biases of
NRSIs; we therefore interpret the NRSIs as a secondary
source of evidence, supporting the meta-analysis of RCTs.
We also included studies irrespective of the nature of the
control treatment. Two studies compared uME with another
active substance(s) and were therefore considered in sensi-
tivity analyses only.!*!> As these studies used the mistletoe
treatment as a control for an active comparator, excluding
these studies from the main analysis is justified for concep-
tual reasons, and it is not surprising to see effect sizes drop
when they are included in sensitivity analyses. We would
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argue, however, that the analysis excluding these actively
controlled studies, which we report as a main analysis,
yields a fairer pooled effect size.

General Discussion

The hazard ratios which we found indicate a survival bene-
fit in patients treated with uME. It is difficult to say whether
the stronger effect size found by Ostermann et al.'® (see
Supplemental material for comparison) is due to the fact
that fermented mistletoe extracts are more efficacious. To
answer this question studies should be specifically designed;
we are not aware of any published studies that directly com-
pared uME and fME regarding survival. It is however clear
that uFE and fME differ with regard to their chemical com-
positions.® Since the mode of action of ME leading to sur-
vival prolongation is not yet known, differences in efficacy
between uFE and fME are at least conceivable.

Even though the survival benefit of uME seems small in
cancer patients, it should be borne in mind that especially
carlier studies included severely ill patients with poor prog-
nosis. In addition, one should consider that in cancer
patients not only survival is an issue, but also quality of life.
We have shown in an earlier analysis—including all types
of ME—that these interventions improve quality of life.*?

Conclusion

In light of @ moderate to serious risk of bias, we found that
uME may have a positive impact on survival of cancer
patients. High quality RCTs are necessary to substantiate
our results.
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