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Abstract

Objective. The aim of this study was to assess the potential risks of interactions between biologically based complementary
and alternative medication (BB-CAM) and conventional drugs during systemic therapy in breast and gynecological cancer
patients by analyzing the actual CAM-drug combinations from individual patients’ records. Methods. From September
2014 to December 2014 and from February 2017 to May 2017, all patients (n = 717) undergoing systemic therapy at the
Gynecologic Oncology Day Care Unit in the Gynecology and Obstetrics Department of the Technical University of Munich,
Germany, were asked to participate in a questionnaire about all their medications. To assess the potential risk of CAM-
drug interactions (CDls), we initially utilized the Lexicomp drug interaction database. This assessment was then expanded
with a systematic search of other digital databases, such as the National Center for Complementary and Integrative Health,
Memorial Sloan Kettering Cancer Center, PubMed, and MEDLINE as well as the Cochrane Library. Results. Among 448
respondents, 74.1% reported using BB-CAM simultaneously with their systemic therapy. The assessment showed | patient
with a potentially clinically relevant CDI, where the interaction was based on a self-medicated combination of Echinacea
and cyclophosphamide. Furthermore, 81 patients (18.1%) were thought to have interactions because of a combination of
BB-CAMs and cytochrome P450 3A4—metabolized anticancer drugs. Conclusions. Our data demonstrated high overall use
of BB-CAMs by cancer patients undergoing systemic therapy. The analyses showed only | clinically relevant CDI.
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Introduction conventional medical care. Some patients use CAM to
mitigate disease- or treatment-related symptoms or improve
quality of life, whereas others hope for an additional effect
on antineoplastic treatment, cancer-preventive properties,
or proimmune activity, and some want more control over
and responsibility for their own care.*'*"?

There are, however, several reasons why some patients do
not take CAM: missing communication about CAM, poor

Patients frequently turn to complementary and alternative
medicine (CAM), and especially in the past decades, bio-
logically based complementary medication (BB-CAM) has
become increasingly popular as a common self-medication
tool."” A European survey revealed a CAM user rate of
about 36% among cancer patients.® Looking at CAM user
characteristics, the data show that female gender, young
age, higher educational level, and nonmetastatic disease
are more often associated with CAM use.”® Accordingly,
Navo et al’ analyzed the use of complementary medication
in breast and gynecological cancer patients, and they found
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clinical evidence of adverse effects on cancer therapy, prob-
able side effects, and the risk of interactions between CAM
and conventional medication (CAM-drug interactions
[CDIs]). Nonetheless, the overall number of CAM users is
high, especially among cancer patients."”*!?

The International Society for Integrative Oncology
(SI0) released guidelines in 2009 recommending that CAM
use should be evaluated prior to starting cancer treatment to
assess the appropriateness of continued use during treat-
ment."* Therefore, various websites have emerged in the
past decade to evaluate the risk of CDIs. To rate available
websites, McDermott et al'” conducted a pilot study, which
advised health care practitioners to use more than 1 website
to assess the potential efficacy and safety of CAM."” Former
studies investigating CDIs reported a large difference in the
number of interactions. The many different CDI assessment
methods could be one reason. For instance, McCune et al'®
reported that 27% of the patients were at risk of clinically
significant CDIs'®; Zeller et al'” suggested that the number
was one-third of all participants'’; and Ramos-Esquivel
et al'® found that a full 90% of the participants were at risk.
Prior research proposes a high rate of potential CDIs among
cancer patients and, thus, an omnipresent risk of negative
effects from CAM use. Health care professionals should not
fail to effectively advise their patients regarding CAM use.
Therefore, the aim of this study was to assess potential
BB-CAM-—drug interactions during systemic therapy among
breast and gynecological cancer patients.

Methods
Patient Characteristics and Survey

We obtained detailed information about the individual use
of BB-CAM through a cross-sectional descriptive survey.
From September 2014 to December 2014 and from
February 2017 to May 2017, a self-administered 8-item
questionnaire was handed out to all patients undergoing
systemic therapy at the chemotherapy unit of the
Department of Gynecology and Obstetrics, Technical
University of Munich, Klinikum rechts der Isar, Munich,
Germany (n = 717). More details about the creation and
the process of the survey can be found in a former study,
which dealt with a different scientific issue.'” The survey
is given in Supplementary File 1. Conventional comedi-
cations and complementary medications were recorded
by the patients. Participation in the study was voluntary.
By filling out the questionnaire, the patients gave their
consent to the survey and collection of personal data. Two
separate time frames (2014 and 2017) were chosen to
detect possible trends in use and characteristics of
BB-CAM use. Routinely prescribed supportive medica-
tion, such as vitamin D or calcium supplements, were
excluded from the analysis. Patients’ cancer diagnosis
and complete medical history, including former and

current cancer therapy, were documented by the treating
physician.

A total of 448 patients were included in this study.
Patients’ age as well as disease- and therapy-related charac-
teristics are listed in Table 1. With the exception of 1 man,
all patients were women. Various combinations of more
than 1 systemic cancer therapy per patient were possible.

Assessment of Potential BB-CAM—Drug
Interactions

The combinations of BB-CAM and systemic cancer ther-
apy was first assessed via the computerized interaction
database system Lexi-Interact in Lexicomp.”’ In the
Lexicomp database, 1 separate monograph has been intro-
duced for each herb-drug interaction, which classifies them
based on their risk rating, severity, and documentation reli-
ability rating. It is a publicly accessible international data-
base, which is well known to health professionals and also
gives a brief presentation of the published data. The Lexi-
Interact system provides information about the risk of
Drug-Drug and Drug-CAM interactions, and pharmacoki-
netic and pharmacodynamic effects and mechanisms of
interactions. The software identified and classified interac-
tions according to their clinical relevance into the follow-
ing categories: A, no known interaction; B, no action
needed; C, monitor therapy; D, consider therapy modifica-
tion; and X, avoid combination. The results were expanded
through the present data storage of National Center for
Complementary and Integrative Health (NCCIH),”
PubMed, MEDLINE, Cochrane Library, and Memorial
Sloan Kettering Cancer Center (MSKCC).” The scientific
and English common names of the identified herbs were
used to carry out a Medical subject heading (MeSH) search
in the 3 electronic databases (PubMed, MEDLINE, and
Cochrane Library on Wiley InterScience). Search terms
were also constructed using the following keywords: herb-
drug interactions, supplement interactions, adverse events,
oncology. No restrictions on language or time of publica-
tion were declared. Additional references were also sought
through hand searching the bibliographies of relevant arti-
cles. All studies that reported CDIs with breast-/gynecol-
ogy-specific conventional systemic therapy were included.
Studies reporting the general influences of BB-CAM on
the pharmacological processes of conventional anticancer
drugs were also included. Abstracts of reviews and original
reports were studied, and those that met the inclusion crite-
ria were evaluated by the authors. The research was done in
the time period from September to November 2017. For
details of the research refer to Supplementary File 2.
Additionally, the databases developed by the NCCIH
and MSKCC to check for potential interactions with
herbal supplements were screened. Every individual
patient profile was assessed to determine the need of an
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Table I. Selected Patient, lliness, and Therapy Characteristics of the Study Cohort.

All Patients
Total Percentage of All
Characteristics Number, 448 Patients (n = 448), 100%
Age in years (mean * SD) 622+ 124
Disease
Breast cancer 361 80.6%
Early stage 147 32.8%
Advanced 201 44.9%
Recurrence 13 2.9%
Ovarian cancer 75 16.7%
FIGOI-3 23 5.1%
FIGO4 15 3.3%
Recurrence 37 8.3%
Other gynecological cancer 12 2.7%
Therapy line
Breast cancer Neoadjuvant 70 15.6%
Adjuvant 89 19.9%
Metastasis first line 78 17.4%
Metastasis second line 50 11.2%
Metastasis third line 20 4.5%
Metastasis > fourth line 53 11.8%
Recurrence first line 8 1.8%
Recurrence > second line 5 1.1%
Ovarian cancer Neoadjuvant | 0.2%
Adjuvant 37 8.3%
Recurrent 37 8.3%

intervention depending on the severity of the potential
interaction discovered.

Data Analysis

Descriptive statistics such as mean, SD, median, and abso-
lute and relative frequencies were used to describe the dis-
tribution of potential CDIs as well as the patients’
sociodemographic and disease- or treatment-related charac-
teristics. Only completely filled-out questionnaires were
analyzed. All analyses were conducted with IBM SPSS
Statistics for Windows, Version 24 (IBM Corp, Armonk,
NY). Statistical analysis was performed in cooperation with
the Institute of Medical Informatics, Statistics and
Epidemiology of the Technical University of Munich.

Results

Patient Characteristics

A total of 448 patients completed the questionnaire and
were included in this study. The majority of the respon-
dents (74.1%, n = 332) declared current BB-CAM use con-
comitant with systemic cancer therapy. Vitamin and
mineral supplements (72.3%, n = 240), medicinal teas

(46.7%, n = 155), homeopathy (34.0%, n = 113), phyto-
therapy (30.1%, n = 100), and mistletoe (25.3%, n = 85)
were frequently used. A total of 45.8% (n = 205) of the
participants used various combinations of more than 1
BB-CAM method. An overview of the participants’ sys-
temic cancer therapy and their BB-CAM use is shown in
Table 2. For reasons of better comprehension, systemic
anticancer therapies are summarized into different classes,
without displaying interaction profiles, in Table 2.
Interactions assessment was done with respect to every
specific herb-drug combination.

After separate analysis of the different time periods, no
significant difference between the 2 time periods was
detected. Especially the prevalence and use of specific
BB-CAMs was compared (2014 vs 2017), and merely a
slight difference in the prevalence of BB-CAM use was
seen (71.5% vs 75.2%, P = 0.409).

Potential CDlIs

After the first evaluation of the scientific literature, we
decided to categorize the enormous number of different
BB-CAMs patients were using. The 15 most common
BB-CAMs reported that seem to play an important role in
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Table 3. Selected Pharmacokinetically Involved Substrates With Interactions Between Anticancer Drugs and Herbs.

Herb
Pharmacokinetically Involved
Substrates Anticancer Drug Induction Suppression
Cytochrome  CYP2A6 Cyclophosphamide Ginseng®
P450 (CYP) CYP2C9 Cyclophosphamide Ginseng,” gingko,” milk thistle,” Echinacea®
enzymes CYP2D6 Tamoxifen, doxorubicin Black cohosh,” ginseng,” valerian,” gingko®
CYP3A4 Cyclophosphamide, vinorelbine, Echinacea,b St John’s Echinacea,b black cohosh,” gingko,”
paclitaxel, docetaxel, tamoxifen, ~ wort,” ginseng,® ginseng,” green tea,” milk thistle,
anastrozole, doxorubicin green tea,” valerian®  mistletoe,” turmeric,” valerian®
Drug P-glycoprotein  Docetaxel, doxorubicin, St John's wort® Milk thistle,® turmeric®
transporter paclitaxel, topotecan,

tamoxifen, epirubicin

Preclinical interaction, no effect in clinical trials.
®Preclinical and clinical interactions.

Suspected CDIs with CYP3A4
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Figure 1. Distribution of CDIs with CYP3A4 sorted by highest
number of patients with potential CDI.

Abbreviations: BB-CAM, biologically based complementary and
alternative medication; CDI, CAM-drug interactions; SJW, St John’s
wort.

CDIs were the following: mistletoe, milk thistle, St John’s
wort (SJW), Panax ginseng, Gingko biloba, Echinaceae pur-
purea, turmeric, black cohosh, valerian, antioxidants (vita-
mins A, C, and E), minerals (selenium, zinc, magnesium),
homoeopathy, green tea, and ginger tea. TCM methods were
excluded from the interaction assessment because detailed
information about the TCM method used was missing.

Analyzing individual CAM-drug combinations with the
Lexicomp interaction database system did not reveal any
harmful CDIs. Further research of the current literature
showed that the main cause of CDIs is an increased risk for
potential pharmacokinetic interactions. Table 3 illustrates
potential pharmacokinetic interactions between anticancer
drugs and herbs.'7'%%3-32

In 82 patients (82/448, 18.3%), those CDIs were evalu-
ated on a pharmacokinetic basis that were suspected to have
interactions with the metabolism of cytochrome P450 (CYP)
enzymes and most frequently of CYP3A4 (Figure 1).

In consequence, this means that 54% (82/153) of the
patients using herbs as a complementary medication are

suspected to have CDIs. Here, the term suspected CDIs
includes interactions that are predicted to cause effects
based only on in vitro studies that have not been confirmed
or have been refuted in human clinical trials.

The present analysis showed that 1 patient seemed to be
in danger of a potential clinically relevant interaction of
Echinacea and cyclophosphamide caused by a metaboliza-
tion with CYP3A4. The other 81 patients were evaluated as
“suspected CDIs” because interactions could not be verified
in clinical trials. The interaction assessment within the men-
tioned sources could not detect any CDI with minerals and/
or antioxidants.” Table 4 describe the interaction ratings in
separate BB-CAM groups via the different assessment lev-
els (Lexi-Interact, MSKCC, NCCIH, PubMed/MEDLINE/
Cochrane Library) and clinical relevance through analysis
of the medical record of the user.

Findings of the interaction assessment did not result in
the necessity of treatment with respect to the CDIs. Not a
single patient reported a remarkable negative effect of
BB-CAM use.

Discussion

The findings show a frequent and ongoing reported use of
BB-CAM during systemic cancer therapy in patients with
breast and gynecological cancer (74.1%). In all, 81 (18.1%)
participants showed characteristics that led to a classifica-
tion of “suspected CDIs.” Only 1 patient seemed to be in
danger of a potential clinically relevant interaction.
According to the literature, this is an overall high num-
ber of BB-CAM use.'"'"'7** Herbs are the most popular
form of BB-CAM with the greatest potential to cause harm
and undertreatment as a result of interactions with conven-
tional anticancer drugs (herb-drug interactions). To our
knowledge, only a few reports have studied CDIs specifi-
cally. Furthermore, hardly any data have been published
reporting a number of patients in danger of interactions
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Table 4. Interaction Rating of Specific BB-CAMs via the Different Assessment Levels and Clinical Relevance.

Interactions via

User Suspected CDI Potential Clinical CDI Clinically Relevant CDI
Lexi- MSKCC/ NCCIH/PubMed/MEDLINE/ Medical Record of
By Questionnaire Interact NCCIH Cochrane Library User
No. of Patients No. of Patients
(Percentage of BB- No. of  (Percentage of
BB-CAM Method CAM Users, n =332) Patients Method Users) No. of Patients No. of Patients

Interaction rating of mistletoe via the different assessment levels and clinical relevance

Mistletoe 85 (25.6%) 0 50 (58.8%) 0 0
Interaction rating of Phytotherapy via the different assessment levels and clinical relevance
Milk thistle 13 (3.9%) 0 5 (38.5%) 0 0
St John’s wort 4 (1.2%) 0 0 0 0
Ginseng 2 (0.6%) 0 I (50.0%) 0 0
Gingko 5 (1.5%) 0 3 (60.0%) 0 0
Echinacea 3 (0.9%) 0 I (33.3%) | 0
Turmeric 25 (7.5%) 0 13 (52.0%) 0 0
Black cohosh I (0.3%) 0 0 0 0
Valerian 15 (4.5%) 0 8 (53.3%) 0 0
Interaction rating of medical teas via the different assessment levels and clinical relevance
Green tea 58 (17.5%) 0 28 (48.3%) 0 0
Ginger tea 59 (17.8%) 0 0 0 0

caused by BB-CAMs that are based on the analysis of indi-
vidual medication data.'™'®** One systematic research study
published by Zeller et al'” showed a similar design com-
pared with the present study but with a different result for
the number of CDIs. Zeller et al reported that “three quar-
ters of users of substance-bound CAM are at risk of
interactions.”'’® 3 Previous studies have shown enor-
mous differences in the number of interactions between
CAM and anticancer treatment. The number of patients
with potential CDIs ranges from 27% up to 90% of the
participants.'®"®

The CDI assessment of this study examined the actual
combinations taken by each patient. Furthermore, 81
patients (18.1%) were classified as having “suspected
CDIs” because the interactions of a combination of
BB-CAMs and CYP3A4-metabolized anticancer drugs
were found in preclinical studies but not verified with clin-
ical data. For the patients using BB-CAM substances, this
number was 24.4%, and only 1 patient was in potential
danger of a clinically relevant CDI. These numbers are
independent of the received systemic cancer therapy. None
of the patients reported any negative side effects of their
combination of BB-CAM and systemic cancer therapy. In
comparison to this study, prior research reported a high rate
of clinically significant CDIs because they assumed an
interaction even with low-level evidence that reported no
clinically significant effect. Additionally, it can be assumed
that existing clinical evidence that reported this missing
clinically significant effect—for example, the study by

Schink and Dehus®™ about the effect of mistletoe on
CYP450—was overlooked and was, therefore, not included
in previous studies on the topic of CDIs. In consequence,
these publications registered a greatly higher rate of
CDIs. 71835

In the assessment of this study, all interactions found
seemed to be caused by pharmacokinetic factors. Most
potential pharmacokinetic interactions are generated by
changes in the functionality or expression of CYP enzymes.
Potential pharmacokinetic CDIs can include inhibition or
induction of CYP450 enzymes, drug transporters like
P-glycoprotein, and other enzymes or proteins. Of these
enzymes, CYP3A4 is the most important CYP enzyme
because approximately 70% of all drugs are substrates for
it. BB-CAMs seem to have various influences on the metab-
olism of conventional drugs. This may lead to subtherapeu-
tic drug levels in the body as well as to prolonged activity
and even toxicity of a drug.”

Preclinical studies are essential to determine possible
CDlIs, but clinical trials have to prove whether these results
are of clinical relevance to human health or not. For instance,
preclinical data followed by clinical studies verified the dan-
ger of the well-documented pharmacokinetic interaction
between SJW and drugs metabolized by CYP3A4.°°
However, clinical trials often seem to fail to confirm pre-
clinical approved CDIs.”® Of the 15 selected BB-CAMs in
the present study, clinical data exist for various BB-CAM
methods,”>>***132 but clinical data predicting CDIs have
only been documented for Echinacea and STW.*”*® There are
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various reasons for the discrepancies between preclinical
and clinical trials. Sprouse and van Breemen® provided a
critical overview of the laboratory standards for testing the
safety of BB-CAMs.” These results should be recognized
and implemented to provide the required clinical evidence.
Taking into account these difficulties with critical data col-
lection and reliable interaction assessment, only 1 of the 82
identified potential CDIs in the present study seemed to be
of clinical significance.

This potential clinically significant CDI is the result of a
combination of self-medicated Echinacea and cyclophos-
phamide in a recurrence first-line therapy setting. The
patient used Echinacea purpurea twice a day for a total
daily dose of 1600 mg.

A recent review of the majority of preclinical studies on
the pharmacokinetic effect of Echinacea concluded that it
exhibits at least mild to moderate inhibition of CYP3A4 in
most of the model systems tested.’* This conclusion is
strengthened by a recent animal study, in which standard-
ized Echinacea extracts reduced rat CYP3A mRNA.*’ These
results were proven in very few prospective clinical studies
in humans. Even the few clinical studies reported, in par-
ticular, contradictory results. In summary, the clinical
examinations suggest that Echinacea may have mild induc-
tive effects on human CYP3A4 in vivo.*”*"** An induction
of CYP3A4 could have a wide range of effects on antican-
cer treatment. In this specific case, the induction of CYP3A4
can increase the metabolization of the prodrug cyclophos-
phamide, even if CYP2B6 is more important for activation
of cyclophosphamide. Thus, Echinacea, as an inducer of
CYP3A4, may cause an increased level of active cyclo-
phosphamide up to a toxic effect. Furthermore, the function
of CYP3A4 lies mostly in the detoxification of cyclophos-
phamide. So Echinacea also increases the detoxification
and, therefore, lowers the toxic effect of cyclophosphamide,
which can lead at worst to a reduced plasma concentration
and a decrease of the important antineoplastic effect. The
recommended daily dose varies between manufacturers and
for different administration forms. In previous clinical stud-
ies, a mild to moderate inductive effect of Echinacea with
an intake of a total of 1600 mg/d for 8 to 28 days has been
reported.”® But according to Gurley et al,* even this effect
might be unlikely. In the systematic review of 2012, they
reported that “any clinically important drug interactions
with Echinacea seem remote.”**

The majority of the “suspected CDIs” were caused by an
interaction of mistletoe and anticancer therapy. The publica-
tions found were mostly in a preclinical setting.?**>
Collectively, former studies reported no or minor induc-
tion and inhibition on CYP3A4 of mistletoe in preclinical
studies. All mentioned studies agree on the thesis that a
clinically significant effect of mistletoe on CYP3A4 seems
unlikely.

Although this study detected just a few patients with
potential suspected CDIs because of the use of valerian,
ginseng, ginkgo, and green tea, Sprouse and van
Breemen® reported impressively the problem of actual
data on herb-drug-interactions, or as Gurley et al** said,
“in vitro predictions and in vivo realities.” (p. 1484) The
majority of these BB-CAMs had been predicted to cause
CDIs using preclinical assays, but clinical testing showed
no effect. The large variability in the quality of reporting
clinical data may be produced by the combination of the
lack of standardization of herbal products, coupled with
variable experimental design across laboratories.”
Nevertheless, completely missing clinical data are a fun-
damental problem for an adequate interaction assessment,
but missing clinical effect in existing publications should
not be overlooked.

Within the scope of a correct assessment of the safety
of CAM, there is furthermore an urgent need for critical
and detailed data collection. CDI evaluation seems to be
challenging because of the large number of components in
one herb that may interact differently in various condi-
tions, and herbal medicine is not subject to the same qual-
ity control as prescription drugs.’' Thus, the content of the
active ingredients may vary among manufacturers or
product batches and could have different effects on the
human body. Additionally, it is of great importance to reg-
ister the detailed dosage of the BB-CAM taken. Previous
studies showed a lack of information regarding patients’
complementary medication. BB-CAM users in the present
study largely took BB-CAMs in the recommended or
lower doses, including homeopathic dosages. At a homeo-
pathic dosage of D6, the dilution contains no molecules
from the primary extract and, thus, no interactions are
detectable. For instance, the used dosage of mistletoe in
our study varied from 0.1 to 1 mg 1 to 3 times a week. No
CDIs were seen at this dose.*’ To reveal CDIs in a clinical
setting, correct collection of the dosage and frequency of
BB-CAM medication is indispensable. Compared with
other substances, a higher dosage is more likely to cause
interactions. Therefore, interactions regarding BB-CAMs
and systemic oncological therapy have been analyzed.
Interactions between BB-CAMs and concomitant medica-
tions, for example, hypertensive medication, were not
analyzed and will be the object of further research.

It is urgent to determine detailed information about the
patients’ use of BB-CAM, including data on manufacturer,
dosage, and frequency. The critical and practical assess-
ment of CDIs is only feasible when there are clinically
implemented standards for herbal medicine. In contrast to
former CDI assessments, our study registered the dosage
and frequency of BB-CAM. Moreover, we analyzed
patients’ complementary medication in view of preclinical
and clinical data and, thus, revealed patients in potential
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danger of clinically relevant interactions of BB-CAM use
concomitantly with systemic cancer therapy.

In spite of the widespread use of CAM, communication
about CAM treatment is still missing between patients and
health care providers.35 However, it is essential to follow
the SIO guideline about open discussions about CAM issues
and critical CDI assessments to provide a consistent holistic
therapy setting for cancer patients. To protect patients from
inappropriate and even dangerous use of CAM, the integra-
tive consultation program was established at our University
Hospital Klinikum rechts der Isar in 2013 for gynecological
and obstetric patients (ZIGG). Gynecologists, oncologists,
and trained nurses” work in an interdisciplinary team to
provide the optimal comprehensive care for patients.
Special skills in phytotherapy, homeopathy, anthroposophi-
cal medicine and other CAM treatments contribute to the
indispensable know-how of professionals working in such
an integrative center.

These study results should be interpreted keeping in
mind some limitations. First, we cannot exclude recall bias,
because BB-CAM intake was based on self-report. Another
limitation lies in the study cohort itself. Because a struc-
tured, integrative consultation program exists at the outpa-
tient clinic, more patients are aware of integrative therapies
and hence are possibly more likely to use BB-CAM. It
would be interesting to know how the patients were influ-
enced, on one hand, just because of the existence of a con-
sultation service for CAM and, on the other hand, how the
consultation service changed their behavior and compliance
on CAM use. Further studies regarding these interesting
questions are ongoing and part of future research in our
clinic. Furthermore, much more available information is
needed besides the actual cited databases to fill the gap of
missing clinical evidence about the safety of BB-CAM in
gynecological oncology.

Conclusion

Our data demonstrated high overall use of BB-CAM by
cancer patients undergoing systemic therapy. In comparison
to other studies, potential interactions between BB-CAM
and systemic cancer therapy were mostly unlikely and clas-
sified as “suspected CDL.” Only 1 patient was detected to be
in danger of a potential clinically meaningful CDI.

Although the potential for drug-drug interactions must
be investigated for all new drugs before being approved,
CDIs remain underexplored. The increasing popularity of
CAM, and especially BB-CAM, worldwide makes this
issue particularly urgent.

Authors’ Note

All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional

and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical stan-
dards. The final version of the questionnaire was approved by the
Ethics Committee of the Technical University of Munich (TUM)
with project number 412/14.

Participation in the study was voluntary. By filling out the ques-
tionnaire, the patients gave their consent to the survey and collec-
tion of personal data.

The author warrants that the work has not been published before in
any form, that the work is not being concurrently submitted to and
is not under consideration by another publisher, that the persons
listed above are listed in the proper order, and that no author enti-
tled to credit has been omitted. The article does not include infor-
mation about an individual person.

Supporting data and material of this study are stored by the corre-
sponding author at the Department of Gynecology and Obstetrics,
University Hospital Klinikum rechts der Isar, Technical University
of Munich and are available on request: please contact the corre-
sponding author.

DP conceived of the presented idea, developed the theoretical for-
malism, and designed the study. LD carried out the study and the
systematic research, performed the computations, and wrote the
article with support from EK, M Kalder, and DP. M Kiechle and
CB supervised the project. All authors discussed the results and
contributed to the final article.

Acknowledgments

We would like to thank all patients who participated in the survey.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: This
work was supported by the German Research Foundation (DFG)
and the Technical University of Munich (TUM) in the framework
of the Open Access Publishing Program.

Supplemental Material

Supplemental material for this article is available online.

ORCID iD

Loisa Drozdoff "= https://orcid.org/0000-0002-7006-7572.

References

1. Eisenberg DM, Davis RB, Ettner SL, et al. Trends in alterna-
tive medicine use in the United States, 1990-1997: results of
a follow-up national survey. JAMA. 1998;280:1569-1575.

2. Gavin JA, Boon H. CAM in Canada: places, practices,
research. Complement Ther Clin Pract. 2005;11:21-27.

3. McFarland B, Bigelow D, Zani B, Newsom J, Kaplan M.
Complementary and alternative medicine use in Canada and
the United States. Am J Public Health. 2002;92:1616-1618.


https://orcid.org/0000-0002-7006-7572

Drozdoff et al

4,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Xue CC, Zhang AL, Lin V, Da Costa C, Story DF.
Complementary and alternative medicine use in Australia: a
national population-based survey. J Altern Complement Med.
2007;13:643-650.

. Zollman C, Vickers A. ABC of complementary medicine:

users and practitioners of complementary medicine. BMJ.
1999;319:836-838.

. Molassiotis A, Fernadez-Ortega P, Pud D, et al. Use of com-

plementary and alternative medicine in cancer patients: a
European survey. Ann Oncol. 2005;16:655-663.

. Fremd C, Hack CC, Schneeweiss A, et al. Use of complemen-

tary and integrative medicine among German breast cancer
patients: predictors and implications for patient care within
the PRAEGNANT study network. Arch Gynecol Obstet.
2017;295:1239-1245.

. Judson PL, Abdallah R, Xiong Y, Ebbert J, Lancaster JM.

Complementary and alternative medicine use in individuals
presenting for care at a comprehensive cancer center. Integr
Cancer Ther. 2017;16:96-103.

. Navo MA, Phan J, Vaughan C, et al. An assessment of the

utilization of complementary and alternative medication in
women with gynecologic or breast malignancies. J Clin Oncol.
2004;22:671-677.

Molassiotis A, Scott JA, Kearney N, et al. Complementary
and alternative medicine use in breast cancer patients in
Europe. Support Care Cancer. 2006;14:260-267.

Molassiotis A, Browall M, Milovics L, Panteli V, Patiraki E,
Fernandez-Ortega P. Complementary and alternative medi-
cine use in patients with gynecological cancers in Europe. Int
J Gynecol Cancer. 2006;16(suppl 1):219-224.

Lettner S, Kessel KA, Combs SE. Complementary and alter-
native medicine in radiation oncology: survey of patients’
attitudes. Strahlenther Onkol. 2017;193:419-425.

Posadzki P, Watson LK, Alotaibi A, Ernst E. Prevalence of
use of complementary and alternative medicine (CAM) by
patients/consumers in the UK: systematic review of surveys.
Clin Med (Lond). 2013;13:126-131.

Deng GE, Frenkel M, Cohen L, et al. Evidence-based clinical
practice guidelines for integrative oncology: complemen-
tary therapies and botanicals. J Soc Integr Oncol. 2009;7:
85-120.

McDermott CL, Hsich AA, Sweet ES, Tippens KM, McCune
JS. A pilot study of website information regarding aroma-
tase inhibitors: dietary supplement interactions. J Altern
Complement Med. 2011;17:1043-1049.

McCune JS, Hatfield AJ, Blackburn AA, Leith PO, Livingston
RB, Ellis GK. Potential of chemotherapy-herb interactions in
adult cancer patients. Support Care Cancer. 2004;12:454-
462.

Zeller T, Muenstedt K, Stoll C, et al. Potential interactions of
complementary and alternative medicine with cancer therapy
in outpatients with gynecological cancer in a comprehensive
cancer center. J Cancer Res Clin Oncol. 2013;139:357-365.
Ramos-Esquivel A, Viquez-Jaikel A, Fernandez C. Potential
drug-drug and herb-drug interactions in patients with cancer:
a prospective study of medication surveillance. J Oncol Pract.
2017;13:e613-¢622.

Drozdoff L, Klein E, Kiechle M, Paepke D. Use of bio-
logically-based complementary medicine in breast and

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

gynecological cancer patients during systemic therapy.
BMC Complement Altern Med. 2018;18:259.

UpToDate. Lexicomp® drug interactions. https://www.upto-
date.com/drug-interactions/?source=responsive _home#di-
druglist. Accessed December 7, 2017.

National Center for Complementary and Integrative Health.
Herb-drug interactions: what the science says. https://nccih.
nih.gov/health/providers/digest/herb-drug-science#heading]l.
Accessed June 21, 2018.

Memorial Sloan Kettering Cancer Center. Search about herbs.
https://www.mskcc.org/cancer-care/diagnosis-treatment/
symptom-management/integrative-medicine/herbs/search.
April 11,2019.

Sprouse AA, van Breemen RB. Pharmacokinetic interac-
tions between drugs and botanical dietary supplements. Drug
Metab Dispos. 2016;44:162-171.

Bahramsoltani R, Rahimi R, Farzaci MH. Pharmacokinetic
interactions of curcuminoids with conventional drugs: a
review. J Ethnopharmacol. 2017;209:1-12.

Gurley BJ, Gardner SF, Hubbard MA, et al. In vivo effects of
goldenseal, kava kava, black cohosh, and valerian on human
cytochrome P450 1A2, 2D6, 2E1, and 3A4/5 phenotypes.
Clin Pharmacol Ther. 2005;77:415-426.

Ramanathan MR, Penzak SR. Pharmacokinetic drug interac-
tions with Panax ginseng. Eur J Drug Metab Pharmacokinet.
2017;42:545-557.

Goey AK, Mooiman KD, Beijnen JH, Schellens JH,
Meijerman I. Relevance of in vitro and clinical data for pre-
dicting CYP3A4-mediated herb-drug interactions in cancer
patients. Cancer Treat Rev. 2013;39:773-783.

Schink M, Dehus O. Effects of mistletoe products on phar-
macokinetic drug turnover by inhibition and induction of
cytochrome P450 activities. BMC Complement Altern Med.
2017;17:521.

Gurley BJ, Swain A, Hubbard MA, et al. Clinical assess-
ment of CYP2D6-mediated herb-drug interactions in humans:
effects of milk thistle, black cohosh, goldenseal, kava
kava, St. John’s wort, and Echinacea. Mol Nutr Food Res.
2008;52:755-763.

Goey AK, Meijerman I, Rosing H, et al. The effect of
Echinacea purpurea on the pharmacokinetics of docetaxel.
Br J Clin Pharmacol. 2013;76:467-474.

Wanwimolruk S, Prachayasittikul V. Cytochrome P450
enzyme mediated herbal drug interactions (part 1). EXCLI J.
2014;13:347-391.

Wanwimolruk S, Phopin K, Prachayasittikul V. Cytochrome
P450 enzyme mediated herbal drug interactions (part 2).
EXCLI J. 2014;13:869-896.

Yasueda A, Urushima H, Ito T. Efficacy and interaction of
antioxidant supplements as adjuvant therapy in cancer treat-
ment: a systematic review. Integr Cancer Ther. 2016;15:17-
39.

Yildirim Y, Tinar S, Yorgun S, et al. The use of complemen-
tary and alternative medicine (CAM) therapies by Turkish
women with gynecological cancer. Eur J Gynaecol Oncol.
2006;27:81-85.

Alsanad SM, Howard RL, Williamson EM. An assessment of
the impact of herb-drug combinations used by cancer patients.
BMC Complement Altern Med. 2016;16:393.


https://www.uptodate.com/drug-interactions/?source=responsive_home#di-druglist
https://www.uptodate.com/drug-interactions/?source=responsive_home#di-druglist
https://www.uptodate.com/drug-interactions/?source=responsive_home#di-druglist
https://nccih.nih.gov/health/providers/digest/herb-drug-science#heading1
https://nccih.nih.gov/health/providers/digest/herb-drug-science#heading1
https://www.mskcc.org/cancer-care/diagnosis-treatment/symptom-management/integrative-medicine/herbs/search
https://www.mskcc.org/cancer-care/diagnosis-treatment/symptom-management/integrative-medicine/herbs/search

Integrative Cancer Therapies

36.

37.

38.

39.

40.

41.

42.

Tirona RG, Bailey DG. Herbal product-drug interactions medi-
ated by induction. Br J Clin Pharmacol. 2006;61:677-681.
Gorski JC, Huang SM, Pinto A, et al. The effect of Echinacea
(Echinacea purpurea root) on cytochrome P450 activity in
vivo. Clin Pharmacol Ther. 2004;75:89-100.

Whitten DL, Myers SP, Hawrelak JA, Wohlmuth H. The
effect of St John’s wort extracts on CYP3A: a systematic
review of prospective clinical trials. Br J Clin Pharmacol.
2006;62:512-526.

Toselli F, Matthias A, Gillam EM. Echinacea metabolism and
drug interactions: the case for standardization of a comple-
mentary medicine. Life Sci. 2009;85:97-106.

Mrozikiewicz PM, Bogacz A, Karasiewicz M, et al. The
effect of standardized Echinacea purpurea extract on rat
cytochrome P450 expression level. Phytomedicine. 2010;17:
830-833.

Gurley BJ, Gardner SF, Hubbard MA, et al. In vivo assessment
of botanical supplementation on human cytochrome P450 phe-
notypes: Citrus aurantium, Echinacea purpurea, milk thistle,
and saw palmetto. Clin Pharmacol Ther. 2004;76:428-440.
Penzak SR, Robertson SM, Hunt JD, et al. Echinacea pur-
purea significantly induces cytochrome P450 3A activity but

43.

44.

45.

46.

47.

does not alter lopinavir-ritonavir exposure in healthy subjects.
Pharmacotherapy. 2010;30:797-805.

Haefeli WE, Carls A. Drug interactions with phytothera-
peutics in oncology. Expert Opin Drug Metab Toxicol.
2014;10:359-377.

Gurley BJ, Fifer EK, Gardner Z. Pharmacokinetic herb-drug
interactions (part 2): drug interactions involving popular
botanical dietary supplements and their clinical relevance.
Planta Med. 2012;78:1490-1514.

Thronicke A, Steele ML, Grah C, Matthes B, Schad F.
Clinical safety of combined therapy of immune checkpoint
inhibitors and Viscum album L. therapy in patients with
advanced or metastatic cancer. BMC Complement Altern
Med. 2017;17:534.

Weissenstein U, Kunz M, Urech K, Baumgartner S.
Interaction of standardized mistletoe (Viscum album)
extracts with chemotherapeutic drugs regarding cytostatic
and cytotoxic effects in vitro. BMC Complement Altern Med.
2014;14:6.

Gurley BJ. Pharmacokinetic herb-drug interactions (part 1):
origins, mechanisms, and the impact of botanical dietary sup-
plements. Planta medica. 2012; 78(13):1478-1489.



