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Abstract

Background: Modern oral antineoplastic and immune-modulating drugs offer an array of
therapeutic advantages, and yet pose challenges in daily use for patients, physicians and
pharmacists. In contrast to intravenous administration, these drugs are not subject to direct
medical control. Recently, we have seen a huge rise in sales of non-prescription over-the-
counter (OTC) medicines via the internet without any advice from a healthcare professional.
Objectives: The aim of this study was to investigate whether the risk of known potential drug-
drug interactions between modern oral antineoplastic and immune-modulating drugs and OTC
drugs differs between sales in traditional community pharmacies versus online pharmacies.
Design: Real-life sales data from community and online pharmacies were used as basis for
the analysis.

Methods: We determined the most frequently purchased antineoplastic and immune-
modulating drug-substances in 14 local community pharmacies within the Munich area,
Germany and identified the OTC substance groups that could potentially cause interactions with
oncological therapies. Using sales data from 11 local community pharmacies and three online
pharmacies, we investigated whether OTC purchases differed between the two sales channels.
Results: We identified 10 relevant OTC substance classes and detected significant variations
in patients’ preferred sales channels between the drug classes. Certain OTC drugs, which
seem to be bought more often over the internet, pose risks during antineoplastic and immune-
modulating therapy.

Conclusion: Patients should therefore be proactively made aware of the corresponding risks
in order not to jeopardize the activity of the antineoplastic and immune-modulating drugs and
thus the success of their therapy.

Plain language summary

Comparing Community and Online Pharmacies: Investigating Potential Interactions
Between Cancer and Immune-Modulating Drugs with Over-the-Counter Medications,
and the Importance of Patient Awareness and Healthcare Professional Guidance in
Minimizing Adverse Effects and Maintaining Treatment Efficacy

Modern anticancer and immune-modulating drugs have the advantage of often being taken
orally, but they present other challenges in daily use. Unlike intravenously administered
drugs, these are usually not administered by a physician but taken by the patient at home.
In these cases, patients may be more likely to buy and take self-medicating drugs over-
the-counter (OTC) without consulting a healthcare professional.

This study aimed to investigate whether there is a different risk of drug interactions
between cancer orimmune-modulating drugs and OTC drugs when bought in a community
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pharmacy versus an online pharmacy. Therefore, we looked at the most common cancer
and immune-modulating drugs purchased in 14 local community pharmacies in Munich and
identified which OTC drugs could cause problems when used simultaneously. Additionally,
we analyzed the sales data from 11 local and 3 online pharmacies to determine if people
were more likely to buy different OTC drugs from the two types of pharmacies.

As a result, this study showed 10 relevant OTC drug types that potentially cause problems
and influence effectiveness when used with cancer or immune-modulating drugs.
Furthermore, we observed that some of these OTC drugs were purchased more often
online than in community pharmacies and thus are more distant from the control of a
physician or pharmacist.

Itistherefore essential for patients to be aware of the risks associated with easily accessible
OTC drugs in combination with their cancer or immune-modulating medication, as serious
side effects or decreased efficacy may develop. Patients should remember to consult their
doctor or pharmacist if there is any uncertainty about potential drug interactions. At the
same time, healthcare professionals should proactively draw their patients” attention to

these potential risks, especially when purchasing online.

Keywords: antineoplastic therapy, DDls, drug-drug interactions, immune-modulating therapy,

online pharmacy, self-medication
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Introduction

The number of patients requiring antineoplastic
and immune-modulating therapy has increased
significantly in recent years. While sales of this
group of drugs were as high as 6.8 million in
Germany in 2018, the number rose even further
to 7.7 million in 2020! all at the expense of the
statutory health insurance funds. These therapy
regimens require intensive patient care by differ-
ent occupational groups, since they can be harmful
despite their partly oral application. This high level
of monitoring is particularly important for multiple
reasons. As opposed to when administered intrave-
nously, an increasing number of patients take an
oral medication at home, leading to a lack of direct
and frequent control by healthcare professionals.
The number of home-based oncological therapies
is on the rise? presumably in part due to the
increasing number of oral anti-cancer drugs that
have been approved over the last 20years.?
Common examples include the adjuvant use of
long-term hormone deprivation medications in
endocrine sensitive breast cancer, breakthroughs
like Cyclin-Dependent Kinases (CDK4)/6 inhibi-
tors for patients with hormone-receptor-positive
metastatic breast cancer*®, poly(Adenosine
Diphosphate (ADP)-ribose) polymerase inhibi-
tors for patients with BReast CAncer Gene 1
(BRCA-1) or BRCA-2 mutations.%” To address

the special requirements that come with oral anti-
cancer medications (OAMs), a multidisciplinary
approach should be pursued, involving physi-
cians, pharmacists, and other healthcare work-
ers.8 The responsibility shifts to the patients and,
in particular, special heed must be taken regard-
ing therapy adherence. It is of vital importance to
inform the patient about specifics regarding drug
use, as this is often essential for optimal efficacy
of antineoplastic and immune-modulating ther-
apy. A recent study with a group of vulnerable
patients found that the understanding of how
OAMs should be taken and handled was strik-
ingly low.° By means of targeted communication,
ambiguities can be identified, and questions clari-
fied. It is essential to inform the patient about side
effects and to sensitize the patient so that they can
be recognized early. A subsequent change of
preparation, dose adjustment and even when and
how medication is taken at mealtimes can be
decisive for a successful outcome of the therapy.
Furthermore, it is imperative to recognize possi-
ble drug-drug interactions (DDIs) in order to
avoid them having a detrimental effect.

In addition to prescription drugs, DDIs can also
occur with prescription-free medication, also
known as over-the-counter (OTC) drugs such as
the common proton pump inhibitors (PPIs) or
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non-steroidal anti-inflammatory drugs (NSAIDs).
Besides endangering therapy success, severe con-
sequences are possible in the case of undesired
DDIs, a common type of drug-related problems
(DRPs).19 In Germany, this comprehensive phar-
maceutical care is performed both by the physi-
cian and by the pharmacist. Beside dispensing
drugs, the pharmacist increasingly fulfils the
important role of providing pharmaceutical coun-
seling services.!! Especially during additional use
of OTC drugs alongside an ongoing therapy,
often no physician is involved. In most cases,
however, the patient’s OTC drug use is specifi-
cally checked by the dispensing pharmacy in
order to proactively avoid relevant DRPs as the
pharmacist is ideally placed to guide self-medica-
tion or recommend medical advice when
needed.!?

In recent years, there has been a sharp shift in the
sale of self-medication with customers increas-
ingly using online pharmacies instead of commu-
nity pharmacies. In the first half of 2019, 5%
more OTC drugs were purchased by mail order
in Germany than in the same period of the previ-
ous year.!3 The free sale of such drugs through
online pharmacies on platforms such as
‘Amazon’ and ‘ebay’ shows that there is no
direct contact between the patient and the
pharmacist during the sales process.!* In addi-
tion, unlike community pharmacies, online
pharmacies often do not receive information
about the patient’s state of health and current
medical therapy regimen. In some events, they
may not store or process this data at all,!* indi-
cating that the quality of advice provided by
online pharmacies is often not as good as is
legally mandated for a german pharmacy.!3

Prescription drugs have fixed prices in Germany
which are identical in every pharmacy. These
costs are usually covered by the patient’s health
insurance. For OTC drugs, pharmacies are free
to set the prices themselves. Studies have shown
that similar to other branches,!¢ the selection of a
particular online pharmacy by the customer is
often driven by a cheaper price for the drugs,!”
which may also indicate a lack of pharmacy loy-
alty. Consequently, drugs that are not prescribed
by a doctor, and therefore inevitably not fixed in
price, are more likely to be purchased via online
pharmacies. Therefore, consultation by the phar-
macist is particularly important in cases where the

consequences of adverse drug combinations are
likely.

Whether and in what way such OTC sales via
online pharmacies endanger an ongoing oncolog-
ical drug therapy regimen is not known. For this
purpose, a precise analysis of the drugs sold via
the sales channel of the community pharmacy
must be compared with that of an online phar-
macy. There is sufficient data, for example, docu-
menting the proportion of prescription and
non-prescription drugs sold through these differ-
ent channels.’® However, a detailed breakdown
and comparison of the drugs by indication groups
is missing, although this would be an important
aspect for deriving implications for pharmaceuti-
cal care, especially regarding concomitant OTC
medicines. A detailed differentiation would only
be possible through extensive data acquisition
from many national and international pharmacies,
as drugs can easily be obtained throughout Europe
via online pharmacies. As a result, comprehensive
data are difficult to obtain and evaluate.

Therefore, the aim of this study was to investigate
whether the risk of endangering oncological drug
therapy through non-prescription sales differs
from purchases via online and community phar-
macies. A practical approach was applied in this
analysis, using real-life sales as data basis. We
examined which OTC drugs frequently sold in
community pharmacies have the potential to
cause clinically relevant interactions with antineo-
plastic and immune-modulating drugs.
Subsequently, investigations were made to iden-
tify whether the sales of these OTC drugs differed
between online and community pharmacies in
2018 and 2019.

Materials and methods

In this market research study, sales were
recorded ex-post by pharmacy inventory man-
agement systems of the pharmacies surveyed
without reference to patients. The sold units
were summed by month, selling pharmacy and
the German central pharmaceutical registration
number ‘Pharmazentralnummer’ (PZN). This
number is issued by the Informationsstelle fir
Arzneispezialititen — IFA GmbH for the unam-
biguous identification of a drug with clear indica-
tion of specific dosage and package size of a single
manufacturer or importer.
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To derive the active ingredient from these pack-
ages delimited by PZN, the ABDA (German
Association of Pharmacists)-database was used.
The ABDA-database, published by a subsidiary
of the ABDA, contains a directory of data coded
via the PZN on pharmaceutical and economic
data such as ingredients, dosage, and indication.
All pharmacies and many other German health
service providers have access to the database via
their computer systems. It includes other sub-
modules such as the ABDA-interaction database,
which were used for the analysis of possible DDIs.

For calculations and statistical analysis IBM
SPSS-Statistics Version 24 was used.

Identification of relevant substance groups
interacting with antineoplastic and
immune-modulating drugs

To be able to analyze relevant interactions of
antineoplastic and immune-modulating drugs
in practice, the sales figures of corresponding
prescription medications in 2018 and 2019 were
collected in 14 community pharmacies in the
Munich area, Germany. To identify the drugs
with the indication ‘antineoplastic and immune-
modulating medication’, the ABDA-database
indication classification was used. All sub-
stances with a code starting with ‘AL’, coding
for antineoplastic and immune-modulating
medication, were selected regardless of the diag-
nosis for which the drug was used in the patient’s
individual cases. In the German healthcare sys-
tem, pharmacies routinely do not have insight
into patients’ diagnoses. Drugs, for which —
according to expert information — no systemic
intake and thus no interactions are to be
expected, for example, creams containing the
active substance fluorouracil, were excluded.
The sales figures of all pharmacies were sum-
marized and grouped by active ingredient using
the ABDA-database. The resulting selection of
active substances was limited to the 20 most
common active substances.

For the identified most frequent active sub-
stances of antineoplastic and immune-modulat-
ing drugs among the pharmacies observed,
possible interactions with other OTC-drugs were
determined using the official ABDA interaction
module. The corresponding drugs causing the
interaction were divided into substance groups

identified by a product-group-code according to
ABDA-database.

Identification of sales within the relevant
substance groups

The sales among the identified product-group-
codes in 2018 and 2019 were collected among 11
pharmacies without an online store and three
online stores of pharmacies. Every online phar-
macy in Germany must operate a public phar-
macy. In the case of the three online pharmacies,
only medicines ordered online were considered.
The drug identified by PZN, and date of sale
were recorded in each case and summed up quar-
terly and product-group-code according to
ABDA-database. The sales within the previously
determined relevant substance groups were
identified.

Comparison of sales channels [online pharmacy
versus community pharmacy)

The sum of drugs sold within the relevant sub-
stance groups was calculated for the sales-chan-
nels community pharmacy and online pharmacy.
The shares of these sales in total sales were cal-
culated both per substance group and in total
forallrelevant substance groups. A Kolmogorov-
Smirnov test and subsequent Mann-Whitney-
U-test was used for each substance group to
investigate whether the proportion of sales by
month and pharmacy differed between online
and community pharmacy, although complete
independence of sales within individual phar-
macies cannot be assumed. A p-value<0.05
was considered statistically significant.

For a more detailed analysis of the differences
between the two sales channels, the ratio of
shares by sales channel was calculated by divid-
ing the share of sales of the online pharmacy
by the share of sales of the community
pharmacies.

Results

A total number of 8950 drugs, classified as anti-
neoplastic and immune-modulating by the
ABDA-database, were sold by the investigated
pharmacies between 1 January 2018 and 31
December 2019. The 20 most sold active ingredi-
ents among the total of 114 were identified as
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Table 1. Total sales of antineoplastic and immune-modulating drugs in 2018 and 2019 among 11 community

pharmacies by decreasing order.

Packages sold Active substance

Packages sold Active substance

897 Methotrexate (MTX]
578 Tamoxifen

506 Azathioprine

401 Letrozole

373 Adalimumab

260 Anastrozole

259 Tacrolimus

225 Dimethyl fumarate
190 Leuprorelin

175 Glatiramer acetate

167 Etanercept

164 Mycophenolic acid
159 Ciclosporin

141 Leflunomide

134 Interferon beta-1a
125 Hydroxycarbamide
120 Bicalutamide

115 Certolizumab pegol
102 Palbociclib

98 Aminovulic acid

shown in Table 1. At the time of analysis in
January 2020, a total of 49 interactions between
these 20 active ingredients with non-prescription
drugs were detected.

By summarizing repeatedly occurring interac-
tions, a total of 10 relevant substance classes
could be identified: azole antimycotics, activated
charcoal, folic acid, loperamide, NSAIDs, orl-
istat, potassium, PPIs, Saccharomyces boulardii,
St. John’s wort. A pharmacological analysis of the
underlying mechanisms of action and their poten-
tial influence on antineoplastic and immune-
modulating therapy showed in most cases
clinically relevant interactions (see Table 2). A
total of 39 product groups according to the ABDA
database were identified for the substance classes.

Overall, 1,600,220 sales of OTC-drugs through 11
community pharmacies and 1,458,170 sales
through three online pharmacies within these
product groups were analyzed. There was a linear
increase in the total number of drugs sold via the
online pharmacies (p<0.01) whereas the number
of drugs sold by the community pharmacies
(p<<0.01) showed a smaller increase respectively
was relatively steady as shown in Figure 1.

Within the identified relevant OTC product
groups, 201,640 sales (12.60% of total sales) in
community pharmacies and 80,071 sales (5.49%

of total sales) via online pharmacies were evalu-
ated. The relative share of drugs within the rele-
vant product groups increased in a linear way for
the online pharmacies (p=0.048), a significant
linear change within the community pharmacies
could not be detected (see Figure 2).

Total sales within the relevant groups ranged
from 37 among orlistat drugs to 156,723 among
NSAIDs as shown in Table 3. This corresponds
to a share of 0.002% to 9.7% of sales within the
respective sales channel.

The monthly relative sales, determined by dividing
the absolute number of sales for each substance
group by the total number of sales for the respec-
tive sales channel, showed significant differences
between online and community pharmacies. For
azole antimycotics, NSAIDs, Saccharomyces-
drugs, St. John’s wort, and PPIs, statistically highly
significant differences (p<0.001) were observed in
each case. Statistically significant differences were
detected for folic acid (p=0.005), activated char-
coal (p=0.008), and potassium (p=0.048).

An analysis of the total ratio of online versus com-
munity pharmacy sales shows differences between
the individual product groups.

The ratio, determined by dividing the proportion
of relevant sales in online pharmacies by
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Figure 2. Ratio total amount of packages sold: online pharmacy / community pharmacy by subtance group over time. This multi-plot
graph illustrates the changes in sales ratios for various product groups between online and community pharmacies over a two-year
period, with data presented quarterly. Ratios are calculated by dividing the percentage of sales within a product group as part of

the total online sales by the corresponding percentage for community pharmacy sales. The Y-axis displays the resulting ratios on

a logarithmic scale. Values greater than 1 indicate a higher proportion of sales in the online pharmacy, while values smaller than 1
signify a larger proportion of sales in the community pharmacy for each product group.

the proportion of relevant sales in community
pharmacies, varied from a minimum factor of
0.23 for NSAIDs to a maximum factor of 4.51 for
orlistat medications, as shown in Figure 3. In rel-
ative terms, drugs from six substance groups had

a ratio above one and thus were purchased more
frequently in an online pharmacy, while drugs
from four substance groups were purchased more
frequently in a community pharmacy. Other
drugs had a ratio of 1.08.
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Table 3. The 10 most relevant OTC drug categories potentially causing interactions including sales and share
between the two sales channels.

Product-group Number of Share of relevant Number of relevant  Share of relevant
relevant sales sales online sales community sales community
online pharmacy pharmacy (%) pharmacy pharmacy (%)

Azol antimycotics 23,638 1.62 15,853 0.99

Activated charcoal 1054 0.07 1561 0.10

Folic acid 1479 0.10 1178 0.07

Loperamide 7143 0.49 9513 0.59

NSAIDs 32,753 2.25 156,723 9.79

Orlistat 152 0.01 37 0.00

Potassium 2166 0.15 1750 0.11

PPls 7911 0.54 8528 0.53

Saccharomyces 1315 0.09 5713 0.36

St. John's wort 2460 0.17 784 0.05

Others 1,378,099 94.51 1,398,580 87.40

NSAID, non-steroidal anti-inflammatory drug; OTC, over-the-counter; PPI, proton pump inhibitor.

Proportionally more sales in
online pharmacies than in

community pharmacies

Proportionally more sales in
community pharmacies than
in online pharmacies

Ratio online pharmacy /
community pharmacy
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Figure 3. Comparison of sales: online pharmacy - community pharmacy. This graph compares sales ratios

for various product groups between online and community pharmacies. Ratios are calculated by dividing the
percentage of sales within a product group as part of the total online sales by the corresponding percentage
for community pharmacy sales. The Y-axis displays the resulting ratios on a logarithmic scale. Values greater
than 1 indicate a higher proportion of sales in the online pharmacy, while values smaller than 1 signify a larger
proportion of sales in the community pharmacy for the respective product group.

Discussion versus community pharmacies, interacting with
The aim of this study was to compare possible high-potency drugs, based on real sales data.
risks from OTC-drugs, purchased via online Through the usage of the ABDA-database, only
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established standards and data available to every
German pharmacy were used. Most of the
described interactions with antineoplastic and
immune-modulating drugs which are listed in the
interaction module of the ABDA-database, exist
with other prescription drugs. To recognize and
thus avoid potentially relevant and dangerous
interactions, the prescribing physician should
have a comprehensive understanding of the
patient’s full medication regimen. This includes
prescription and non-prescription drugs, dietary
supplements and multivitamin preparations.
However, several potential interactions with OTC
drugs have been identified, particularly with 10
distinct groups of active substances. During the
period covered by the study, we found that within
the participating community pharmacies, about
every eighth purchase of a non-prescription item
was from one of these 10 groups, whereas within
the participating online pharmacies, only every
eighteen purchase of a non-prescription item was
from these groups. Thus, the drugs obtained in a
community pharmacy have more than twice the
risk of a potential interaction. Eickhoff er al. 40
showed, that in about one of five encounters a
direct pharmacist—patient interaction during a
self-medication purchase revealed at least one rel-
evant DRP. Hence, it can be assumed that a
head-to-head consultation with a staff member in
a community pharmacy will make it easier to
identify corresponding interactions. However, the
lower total rate of potential interactions might
suggest that there is no increased risk of relevant
DRPs with purchases in online pharmacies.

A closer look at the individual substance groups
reveals that eight of the ten product groups
showed a significant difference between the rela-
tive sales among online and community pharma-
cies. While NSAIDs were bought about four
times more often in a community pharmacy,
there were other drugs that were clearly more fre-
quently bought wia an online pharmacy like
St. John’s wort (about 3.5 times as often).

With regards to drugs purchased more frequently
in a community pharmacy one possible explana-
tion could be that OTC NSAIDs and activated
charcoal are often used to treat urgent complaints
such as pain, diarrhea, or as an overdose or poison
treatment and can be obtained very quickly by
customers. Even though a significant difference
between the share of sales via the two channels for

loperamide could not be found in every case when
looking at individual months and pharmacies, this
does in principle fit into this scheme. NSAIDs and
loperamide drugs are subject to prescription in
Germany. There is the exception that these drugs
may be purchased in small quantities for the tem-
porary treatment of acute complaints without a
prescription.?! Online buyers may circumvent this
restriction by making multiple purchases which in
turn distorts the comparison between the two
groups. Saccharomyces boulardii drugs are often
used as adjuvant therapy in the context of an anti-
biotic therapy*? and are proactively recommended
in many cases by the pharmaceutical staff of a
pharmacy during consultations.

The medicines purchased more frequently online
are subject to a different characteristic. The intake
of folic acid over a long duration has been pro-
phylactically recommended in order to prevent
diseases, especially during pregnancy.43 Potassium
drugs could be perceived by customers as harm-
less dietary supplements because of their non-
prescription status and are also often taken over a
long period of time mostly without an easily
observable effect for patients. St. John’s wort is
mostly used as a mild antidepressant. As depres-
sion 1is still seen as a stigma, particularly by the
elderly, it is often concealed by those affected
who also tend to self-medicate.** Azole antimy-
cotics are usually used to treat fungal infections,
which are often unpleasant for patients. Orlistat is
used to treat obesity, also a stigmatized condi-
tion.¥ For orlistat, the greatest absolute differ-
ence between the groups was observed. However,
the difference in the groups by month and phar-
macy was not significant, possibly due to the
small number of cases. A supposedly anonymous
purchase of a drug among the three groups over
the internet could therefore be preferred by
patients in an attempt to avoid discrimination.

The novel approach based on real sales figures
may be particularly helpful indicating latent prob-
lems in practice. However, an increased statistical
probability of an interaction does not mean that it
has effectively occurred. A practical clinical rele-
vance of interactions described in studies and
subsequently in databases like the ABDA-
database is also not always given. The individual
patient characteristics like indication for antineo-
plastic or immune-modulating therapy can also
influence the importance of the interaction and
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can both up- and downgrade its significance.
Even if an interaction itself seems irrelevant in a
standard case as shown in Table 2, the mecha-
nism of interaction can be very relevant when
transferred to other drugs that are not included in
the most sold drugs within this study, or even to
food products as the following examples show.

Azole antimycotics exhibit a very high DDI poten-
tial through cytochrome (CYP) inhibition after
systemic administration. Particularly in combina-
tion with drugs with a narrow therapeutic range
as ciclosporin, serious consequences of the inter-
action are possible, as presented in Table 2. In
contrast, the clinical relevance of this interaction
is usually less relevant if azole antimycotics are
applied in topical or vaginal dosage forms on
intact skin. Although drug absorption from these
methods of application is low, a systemic effect
cannot be excluded. For example, econazole, a
known inhibitor of CYP3A4 and CY2C9, has
been shown to exhibit clinically relevant interac-
tions with oral anticoagulants, which like ciclo-
sporin, are CYP3A4 substrates inhibition of
cytochromes P450 by antifungal imidazole deriv-
atives. Thus, in Germany, only topical and vagi-
nal products with azole antimycotics are available
OTCs; all other forms of administration require a
prescription. However, clinically relevant interac-
tions due to CYP enzyme inhibition with OTC
products frequently occur in practice. While most
other inhibitors of CYP enzymes are prescription
only, there are also foods such as grapefruit and
bitter orange with the same effect that can seri-
ously jeopardize the effect of antineoplastic and
immune-modulating therapy.19-21

Folic acid reduces both the efficacy as well as the
folate antagonism-dependent side effects of the
folic acid antagonist Methotrexate (MTX) as
shown in Table 2. MTX frequently leads to
mucosal, gastrointestinal, hepatic or hematologic
adverse reactions which can be attenuated by
supplementation with folic or folinic acid.
Therefore, intentional folic acid substitution in
patients receiving MTX for the treatment of
rheumatoid arthritis is common; in Germany
5-10mg once a week approximately 24 h after the
weekly MTX administration are recommended.
Shorter time intervals risk reduced therapeutic
effect of MTX.2325 Thus, it can be debated
whether to consider the use of folic acid and
MTX as a ‘real’ drug interaction as they are

concomitantly prescribed with preventative
intent. As in this study drug interactions were
determined using the ABDA-database interaction
module and this database classifies folic acid and
MTX as an interaction, it is considered as an
interaction in Table 2. The opposite effect —
increased drug toxicity — is another possible inter-
action that can occur with OTC folic acid, for
example, in combination with the cytostatic
capecitabine. Capecitabine is a pro-drug of
5-fluorouracil that is used, for example, for the
therapy of breast cancer. While co-administration
with folinic acid to enhance the effect of i.v.
5-fluorouracil administration is common, the
combination of capecitabine with folinic or folic
acid does not bring any therapeutic advantages,
but only increases its toxicity. Hence, the combi-
nation must be avoided. Remarkably, folic acid is
not only contained in OTC products but also in
food supplements and multivitamin preparations.
Taken together, these drug interactions with folic
acid demonstrate the high need for counseling of
patients requiring folic acid.

Although the clinical relevance of interactions
between loperamide in normal doses and CYP3A4-
and P-glycoprotein inhibitors seem to be small
(Table 2), extremely high dosages of loperamide
can have serious central and peripheral impact.
Euphoric effects, severe heart problems (e.g. QT
prolongation and ventricular tachycardia) and
even death have occurred.?6-2¢ The FDA (U.S.
Food and Drug Administration) has released sev-
eral ‘Drug Safety Communication’ letters in
regard to this problem.4% Since antineoplastic and
immune-modulating drugs often cause diarrhea
as a side effect, this interaction should be consid-
ered by pharmacies when dispensing OTC
loperamide.

Clinically high relevant interactions with orlistat
are possible, as demonstrated in Table 2. Orlistat
reduces the absorption of fat by the inhibition of
gastrointestinal lipases. As ciclosporin absorption
is fat-dependent, it is assumed that orlistat treat-
ment leads to impaired ciclosporin absorption
resulting in reduced immune-suppressive effects
of ciclosporin. Therefore, in Germany, OTC orl-
istat is contraindicated when used with ciclo-
sporin.32:33 Despite this relevant example of an
interaction between orlistat and an immune-
modulating drug, interactions with orlistat in gen-
eral are not very prevalent due to its overall low
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number of sales. Nevertheless, although immune-
modulating and antineoplastic drugs themselves
often induce weight loss, it is not uncommon that
affected patients are also prescribed antidepres-
sants as part of their therapy. Antidepressants in
turn often lead to severe weight gain, which could
trigger the use of orlistat.

In a recent study, Hall ez al.35 sum up the frequently
described interaction of low-dose M7X and PPIs
respectively NSAIDs as not substantiated, see also
Table 2. Much more frequently, however, relevant
interactions between PPIs and oral anti-cancer
drugs occur due to the PPI-induced increase in gas-
tric acid pH leading to altered absorption of the
interaction partner. This particularly frequently
affects tyrosine kinase inhibitors (TKIs) such as
erlotinib,*” as TKI absorption is often dependent
on gastric pH. For some drugs, the interaction can
be avoided by adhering to the correct time of
administration. For example, with palbociclib (see
Table 1), the effect is not significant when taken
during a meal.*8 Since PPIs are in widespread use
and furthermore available without prescription,
there is a special and extremely important need for
pharmacist consultations for patients on antineo-
plastic and immune-modulating therapy.

Potassium intake not only represents electrolyte
substitution or nutritional supplementation. Due to
the additive effects of the increase in potassium, it
can enhance the toxicity of various drugs.
Simultaneous use with, for example, tacrolimus
can lead to increased occurrence of severe hyper-
kalaemia and renal failure; see Table 2. This inter-
action is highly relevant as hyperkalaemia and renal
dysfunction already occur very frequently (>10%)
with tacrolimus monotherapy.3¢ On the other hand,
potassium substitution may be intentionally used
for treatment of hypokalemia, which also consti-
tutes a high-risk condition. Therefore, patient
requests for compounds with potassium requires
precise counseling as well as the monitoring of
serum levels of potassium by healthcare profession-
als. Sometimes even serum levels of the drug inter-
action partner like tacrolimus have to be monitored.
Specific caution is also required when eating high
amounts of potassium-rich foods (e.g. bananas,
apricots). This is often considered harmless but can
lead to very serious consequences in practice.

St. John’s wort extracts containing hyperforin are
strong CYP and P-glycoprotein inducers that
leads to reduced plasma levels affecting the

dose-requirement of a wide range of drugs,
including ciclosporin, tacrolimus and palbociclib,
as presented in Table 2. The reduction or even
lack of therapeutical effect is highly relevant, as
most drugs in targeted cancer therapy are CYP
substrates.38:3% Moreover, this interaction is likely
to occur frequently in practice, because in order
to treat depression that often arises during cancer
therapy, many affected patients turn to mild
herbal OTC drugs rather than more potent anti-
depressants. This very serious example shows
particularly clearly the risk that can emanate from
self-medication during antineoplastic and
immune-modulatory therapy.

While the strong interaction is well researched for
hyperforin-containing St. John’s wort extracts
and therefore already often communicated pro-
actively, this is not the case for all herbal drugs
due to the lack of clinical studies in this area,
although i vitro analyses describe strong poten-
tial problems.#® Protective mechanisms of the
human body limit interactions at naturally occur-
ring doses, which is why many of the herbal medi-
cines receive little attention in practice. However,
new methods to improve the systemic availability
of purportedly healthful phytochemicals bear the
risk that interactions with herbal drugs that were
previously considered irrelevant, may now
become a major problem in drug therapy.>°

There is also a fluent transition from drugs to
herbal or synthetic dietary supplements and even
functional food products that can cause the same
effects. Such foods are also referred to by the not
clearly defined name nutraceuticals, a combina-
tion of the terms nutrient and pharmaceutical.
They have been the fastest growing segment of
the food industry for years and are expected to
grow even further.51:52 However, the exact legal
classification is often unclear and the associated
regulation is not sufficiently implemented.>3
Nutraceuticals and dietary supplements can be
advertised and often purchased online with even
less control than with OTC drugs.

Studies have shown that most patients search for
information on medical topics online.5* However,
users often showed limited awareness of how to
evaluate this internet-based information about
medicines.5> In addition, studies demonstrated
that even in the online marketing of specific drugs
and supplementary products, often not all pre-
scribing information is provided as required.>%57
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Presumably a certain number of patients after
obtaining information via the internet, for exam-
ple, through an online store, will also order
directly there. Therefore, in addition to OTC
drugs, special attention should be paid to herbal
medicines and dietary supplements and nutra-
ceuticals when analyzing self-medication of
patients with antineoplastic and immune-modu-
latory therapy especially those purchased via the
internet.

It can be summarized that an often time-consum-
ing and precise differentiation of the seriousness
and practical clinical relevance of the individual
DRPs would therefore still have to be made in
individual cases, for example, using systematic
medication reviews as already practiced during
routine care in some public pharmacies.>® This
should be carried out by specially trained person-
nel and not solely based on databases. Prely
et al.”® investigated the DDIs found using multi-
ple interaction databases in patients receiving oral
anti-cancer therapy. They concluded that the
interactions found were not systematically signifi-
cant and called for the development of more sen-
sitive and specific interaction databases.
According to a recent review, this is of particular
importance, because patients who are increas-
ingly using DDIs databases with huge differences
in regard to service quality, when in doubt, will
turn to their doctor or local pharmacist.5°

Limitations

This study is subject to several limitations. First,
other herbal and synthetic OTC drugs, dietary
supplements, and nutraceuticals with potentially
high interaction potential might be commonly
sold by pharmacies but are hidden in substance
groups that were not investigated in this study.
Their identification is difficult because antineo-
plastic and immune-modulatory therapy have dif-
ferent and partly individual aspects to consider.
There is also a lack of relevant published studies
related to these substances. Second, it is not easy
to obtain economically relevant data, especially
from online pharmacies. Therefore, a limited
number of pharmacies was observed, which
makes it difficult to compensate for individual
fluctuations in the sales figures. Subsequent
investigations should examine whether the com-
position of the sales was representative and thus
could be transferred to other locations, pharma-
cies and online-shops. Hence, other drugs or

active substances could also be relevant in the
context of antineoplastic and immune-modulat-
ing therapy. Third, on the other side, the method-
ology used does not identify drugs taken
concomitantly by a given patient as sales were
recorded without reference to patients.
Furthermore, the screening of the ABDA-
indication group ‘antineoplastic and immune-
modulating medication’ was carried out
independently of the diagnoses, which are not
available to pharmacies in Germany. Some drugs
classified in this group are not only used in cancer
treatment, for example, MTX is also used for
rheumatoid arthritis. Fourth, there was no inclu-
sion of drugs which cannot be purchased from the
community pharmacies or drugs that are not reg-
istered via the corresponding ABDA product
groups, such as drugs produced individually for a
patient. Even in the context of a non-oral therapy,
whether in a clinic, doctors practice or at home,
analogous interactions with OTC drugs can occur
in the same way and have therefore to be consid-
ered. Fifth, as described, internet purchases can
depend heavily on the price offered. The recorded
sales, especially by online pharmacies, could
therefore also be influenced by the offer consist-
ing inter alia of price, stock, competition, and fur-
ther factors. Subsequent studies need to examine
the influence of these aspects on the purchasing
process both in online and community pharma-
cies. In addition, certain factors such as regional
and national outbreaks of diseases such as COVID
and influenza or severe weather conditions could
influence the two sales channels differently. Sixth,
due to differing legal restrictions, these findings
may not be transferable to other countries. Thus,
possibly different drugs are prescribed to patients
as here in Germany or others available without a
prescription in certain countries. The availability
of drugs via online pharmacies is also often regu-
lated differently. Other OTC drugs could there-
fore be of greater relevance abroad.

In view of the current developments in Germany
regarding electronic prescriptions, the matter of
drug interactions is becoming even more relevant.
The proportion of drugs sold via the internet is
currently increasing every year!® which is consist-
ent with the observed linear increase in the num-
ber of drugs sold by online pharmacies in this
study. The nationwide introduction of an elec-
tronic prescription in Germany, which is currently
being introduced,®! would eliminate the need to
send in the physical prescription in advance when
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purchasing a prescription drug via the internet.
This is expected to further increase the sale of
drugs online, especially prescription drugs. At the
same time, it has been reported that electronic
prescriptions have even led to an increase in pre-
scribing errors,%2:93 which was inter alia justified
by a reduction in face-to-face interactions. Taken
together with the results of this study, it therefore
seems reasonable to explore possible further risks
caused by the shift of drug purchases away from
the community pharmacy to the internet and
identify possible solution approaches.

Conclusion

The study shows that there are large numbers of
OTC drugs that exhibit clinically relevant DDIs
with antineoplastic and immune-modulating
drugs. In oncological care, we identified specific
substance groups within the OTC drugs that the
patients take additionally to their cancer or
immune-modulating medication and which
have a particular high risk for DDIs. The reason
why this patient group uses OTC drugs that
interact with their oncological therapy may be
due to patients’ reluctance to talk to their local
pharmacist about conditions such as depres-
sion, fungal infections or obesity that are typi-
cally treated with these substance groups. This
problem could be solved by pro-active commu-
nication initiated by the treating physician
pointing out the risk of taking OTC drugs with
these indications during oncological therapy. In
the same way, pharmacies, both online and
community, could also point out corresponding
risks especially within these substance groups.
Structured and maybe even automated commu-
nication could be a useful tool, especially for
online pharmacies. Based on these findings, fur-
ther research could investigate not only which
other drugs, but also dietary supplements or
foods, these findings can be applied to in addi-
tion to the statistically most frequently sold
active substances.

It is likely that these measures together with the
improvement of databases could help to turn this
existing risk associated with potentially interact-
ing OTC drugs, sold via community pharmacies
as well as via less controlled online pharmacies,
into ensured effectiveness of the antineoplastic
and immune-modulating drugs and thus into
therapeutic success.

Declarations

Ethics approval and consent to participate

Not applicable. Ethical review, approval and
consent to participate were waived for this qual-
ity assurance measure of health services research,
due to the design of the ex-post approach of the
investigation without patient information. All
data were collected and analyzed on an aggre-
gated pharmacy and monthly basis months after
the sales transactions. The records included
PZN, month/year and quantity of packs sold.
The collection of aggregated data means that it
is never possible to draw conclusions about
individual patients. Interventions were not
made in any way.

Consent for publication

Not applicable. Patient consent was waived due
to the design of the study and method of data col-
lection. See ethics approval statement.

Author contributions

Florian Schindler: Conceptualization; Formal
analysis; Methodology; Project administration;
Validation; Writing — original draft.

Timo Schinkoethe: Conceptualization; Formal
analysis; Methodology; Validation; Writing —
original draft.

Sven Mahner: Investigation; Writing — review &
editing.

Thomas Kolben: Investigation; Writing — review
& editing.

Rachel Wuerstlein: Investigation; Writing —
review & editing.

Carsten Culmsee: Conceptualization; Writing
— review & editing.

Nadia Harbeck: Investigation; Writing — review
& editing.

Tanja K. Eggersmann: Conceptualization;
Formal analysis; Methodology; Project adminis-
tration; Supervision; Validation; Writing — origi-
nal draft.

Acknowledgements

Many thanks to the owners and employees of the
pharmacies for providing the drug sales data, to
Elisabeth Schindler for professional and clinical
advice and to Emma J. Esser for language editing.

journals.sagepub.com/home/taw


https://journals.sagepub.com/home/taw

F Schindler, T Schinkoethe et al.

Funding

The authors received no financial support for the
research, authorship, and/or publication of this
article.

Competing interests

F.S.: Managing director of Pharm-IT GmbH,
sales data of the drugs were received from cus-
tomers for research purposes without any finan-
cial or other compensations.

T.S.: Nothing to declare.

S.M.: Research support, advisory board, hono-
raria and travel expenses from AbbVie,
AstraZeneca, Clovis, Eisai, GlaxoSmithKline,
Medac, MSD, Novartis, Olympus, PharmaMar,
Pfizer, Roche, Sensor Kinesis, Teva, Tesaro.

T.K.: Nothing to declare.
R.W.: Nothing to declare.

C.C.: Research support, advisory board and hon-
oraria by zeller & S6hne AG, Switzerland.

N.H.: Honoraria for lectures and/or consulting:
Amgen, Astra Zeneca, Daiichi-Sankyo, Exact
Sciences, Gilead, Lilly, MSD, Novartis, Pierre
Fabre, Pfizer, Roche, Sandoz, Sanofi, Seagen.

T.K.E.: Received honoraria and/or non-financial
support from Ferring, Merck, Abott, Roche,
Novartis, Pfizer, and Aristo Pharma.

Availability of data and materials

Restrictions apply to the availability of the sales
data of the pharmacies as these contain sensitive
economic data of the companies. Data was obtained
directly from the pharmacies and are available from
the authors with permission of the pharmacies.

ORCIDIiD
Florian Schindler
0003-4512-4114

https://orcid.org/0000-

References
1. ABDA - Federal Union of German Associations
of Pharmacists. German Pharmacies - Figures,
Data, Facts 2021, https://www.abda.de/fileadmin/
user_upload/assets/ZDF/ZDF21/ABDA _
ZDF_2021_Brosch_english.pdf (2021, accessed 6
February 2022).

2. Evans JM, Qiu M, MacKinnon M, et al. A multi-
method review of home-based chemotherapy. Eur
F Cancer Care 20165 25: 883-902.

10.

11.

12.

13.

14.

15.

16.

17.

Bennette CS, Richards C, Sullivan SD, er al.
Steady increase in prices for oral anticancer drugs
after market launch suggests a lack of competitive
pressure. Health Aff 20165 35: 805-812.

Ettl J. Palbociclib: first CDK4/6 inhibitor in clinical
practice for the treatment of advanced HR-positive
breast cancer. Breast Care 20165 11: 174-176.

Eggersmann TK, Degenhardt T, Gluz O, er al.
CDK4/6 inhibitors expand the therapeutic

options in breast cancer: palbociclib, ribociclib
and abemaciclib. BioDrugs 2019; 33: 125-135.

Harbeck N, Penault-Llorca F, Cortes ], ez al.
Breast cancer. Nat Rev Dis Primers 2019; 5: 66.

Harbeck N and Gnant M. Breast cancer. Lancet
2017; 389: 1134-1150.

Schlichtig K, Diirr P, Dorje F, er al. New oral
anti-cancer drugs and medication safety. Disch
Arztebl Int 2019; 116: 775-782.

Rodday AM, Hackenyos DW, Masood R, ez al.
Patients’ understanding and adherence to oral
anti-cancer medication (OAM): Results of an
institutional pilot study. World ¥ Clin Oncol 2019;
37:e18280.

Gayathri B, Gayathri B and Divasish LE. Drug
Related Problems: A systemic literature review.
IAFPS 2018; 05: 1409-1415.

Eickhoff C and Schulz M. Pharmaceutical care in
community pharmacies: practice and research in
Germany. Ann Pharmacother 20065 40: 729-735.

Perrot S, Cittée J, Louis P, ez al. Self-medication
in pain management: the state of the art of
pharmacists’ role for optimal Over-The-Counter
analgesic use. Eur ¥ Pain 2019; 23: 1747-1762.

Igvia. IQVIA Pharma Marktbericht 2019, https://
www.iqvia.com/-/media/iqvia/pdfs/cese/germany/
publikationen/marktbericht/pharma-marktbericht-
jahr-2019-iqvia-0220.pdf (2019, accessed 11
March 2020).

LG Magdeburg Urtv. 18. 1. 2019 — 36 O 48/18.
Verkauf von rezeptfreien, apothekenpflichtigen
Arzneimitteln iiber Amazon kein Verstofl gegen
Wettbewerbsrecht. Medizinrecht 2019; 37: 479-481.

Eigner I, Loggen U, Merbach N, er al.
Versandapotheken im test: Gute Preise, schlechte
Beratung. Stftung Warentest 2017; 88-93.

Katawetawaraks C and Wang CL. Online
shopper behavior: influences of online shopping
decision. Asian ¥ Bus Res 20115 1: 66-74.

Brodtkorb T and Gdédiker E-M. 16. Sempora
Apothekenmarktstudie. SEMPORA Consulting,
2019.

journals.sagepub.com/home/taw


https://journals.sagepub.com/home/taw
https://orcid.org/0000-0003-4512-4114
https://orcid.org/0000-0003-4512-4114
https://www.abda.de/fileadmin/user_upload/assets/ZDF/ZDF21/ABDA_ZDF_2021_Brosch_english.pdf
https://www.abda.de/fileadmin/user_upload/assets/ZDF/ZDF21/ABDA_ZDF_2021_Brosch_english.pdf
https://www.abda.de/fileadmin/user_upload/assets/ZDF/ZDF21/ABDA_ZDF_2021_Brosch_english.pdf
https://www.iqvia.com/-/media/iqvia/pdfs/cese/germany/publikationen/marktbericht/pharma-marktbericht-jahr-2019-iqvia-0220.pdf
https://www.iqvia.com/-/media/iqvia/pdfs/cese/germany/publikationen/marktbericht/pharma-marktbericht-jahr-2019-iqvia-0220.pdf
https://www.iqvia.com/-/media/iqvia/pdfs/cese/germany/publikationen/marktbericht/pharma-marktbericht-jahr-2019-iqvia-0220.pdf
https://www.iqvia.com/-/media/iqvia/pdfs/cese/germany/publikationen/marktbericht/pharma-marktbericht-jahr-2019-iqvia-0220.pdf

THERAPEUTIC ADVANCES in

Volume 14

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

ABDA - Bundesvereinigung Deutscher
Apothekerverbande. Die Apotheke: Zahlen, Daten,
Fakten, https://www.abda.de/fileadmin/user_
upload/assets/Broschueren/ABDA_ZDF _2019_
Brosch.pdf (2019, accessed 20 February 2020).

Viesselmann CW, Descourouez JL, Jorgenson
MR, ez al. Clinically significant drug interaction
between clotrimazole and tacrolimus in pancreas
transplant recipients and associated risk of allograft
rejection. Pharmacotherapy 2016; 36: 335-341.

Ritter W, Patzschke K, Krause U, ez al.
Pharmacokinetic fundamentals of vaginal
treatment with clotrimazole. Chemotherapy 1982;
28: 37-42.

Wey P-F, Petitjeans F, Lions C, ez al. Laryngeal
dyspnea in relation to an interaction between
acenocoumarol and topical econazole lotion. Am
F Geriatr Pharmacother 2008; 6: 173-177.

Avau B, Borra V, Vanhove A-C, et al. First

aid interventions by laypeople for acute oral
poisoning. Cochrane Database Syst Rev 2018; 12:
CD013230.

Saif MW, Makrilia N and Syrigos K. CoFactor:
folate requirement for optimization of 5-fluouracil
activity in anticancer chemotherapy. ¥ Oncol
2010; 2010: 934359-934365.

Fiehn C, Holle ], Iking-Konert C, et al. S2e-
Leitlinie: Therapie der rheumatoiden Arthritis
mit krankheitsmodifizierenden Medikamenten.
Z Rheumatol 2018; 77: 35-53.

Shea B, Swinden MV, Tanjong Ghogomu E,

et al. Folic acid and folinic acid for reducing side
effects in patients receiving methotrexate for
rheumatoid arthritis. Cochrane Database Syst Rev.
20135 2013: CD000951.

Vandenbossche J, Huisman M, Xu Y, er al.
Loperamide and P-glycoprotein inhibition:
assessment of the clinical relevance. ¥ Pharm
Pharmacol 2010; 62: 401-412.

Sadeque A. Increased drug delivery to the brain
by P-glycoprotein inhibition. Clin Pharmacol Ther
2000; 68: 231-237.

Cha Y-J, Lee H, Gu N, ez al. Sustained increase
in the oral bioavailability of loperamide after a
single oral dose of HM30181, a P-glycoprotein
inhibitor, in healthy male participants. Basic Clin
Pharmacol Toxicol 20135 113: 419-424.

Colebatch AN, Marks JL, van der Heijde DM, ez al.
Safety of nonsteroidal antiinflammatory drugs and/
or paracetamol in people receiving methotrexate

for inflammatory arthritis: a cochrane systematic
review. J Rheumatol Suppl 2012; 90: 62-73.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Tracy TS, Krohn K, Jones DR, ez al. The effects
of a salicylate, ibuprofen, and naproxen on the
disposition of methotrexate in patients with
rheumatoid arthritis. Eur ¥ Clin Pharmacol 1992;
42:121-125.

Takeda M, Khamdang S, Narikawa S, ez al.
Characterization of methotrexate transport and
its drug interactions with human organic anion
transporters. § Pharmacol Exp Ther 2002; 302:
666—671.

Nagele H, Petersen B, Bonacker U, ez al. Effect
of orlistat on blood cyclosporin concentration
in an obese heart transplant patient. Eur ¥ Clin
Pharmacol 1999; 55: 667-669.

Barbaro D, Orsini P, Pallini S, ez al. Obesity

in transplant patients: case report showing
interference of orlistat with absorption of
cyclosporine and review of literature. Endocr Pract
2002; 8: 124-126.

Alsdorf WH, Karagiannis P, Langebrake C, ez al.
Standardized supportive care documentation
improves safety of high-dose methotrexate
treatment. Oncologist 20215 26: €327—-e332.

Hall JJ, Bolina M, Chatterley T, ez al. Interaction
between low-dose methotrexate and nonsteroidal
anti-inflammatory drugs, penicillins, and proton
pump Inhibitors: a narrative review of the
literature. Ann Pharmacother 2017; 51: 163—-178.

Schmidt A, Gruber U, Béhmig G, et al. The
effect of ACE inhibitor and angiotensin II
receptor antagonist therapy on serum uric acid
levels and potassium homeostasis in hypertensive
renal transplant recipients treated with CsA. Turk
Nephrol Dial Transplant 20015 16: 1034-1037.

Federal Institute for Drugs and Medical
Devices. Dear Doctor Letter: New contraindication
of Saccharomyces boulardii (Saccharomyces
cerevisiae HANSEN CBS 5926) in critically il

or immunocompromised patients, https://wWww.
bfarm.de/SharedDocs/Downloads/EN/Drugs/
vigilance/InformationRisks/RI_rhb/2018/
rhb-saccharomyces%20boulardii.html (2008,
accessed 14 February 2022).

Henderson L, Yue QY, Bergquist C, er al.
St John’s wort (Hypericum perforatum): drug
interactions and clinical outcomes. Br ¥ Clin
Pharmacol 2002; 54: 349-356.

Mills E, Montori VM, Wu P, er al. Interaction
of St John’s wort with conventional drugs:
systematic review of clinical trials. BMY¥ 2004;
329: 27-30.

Eickhoff C, Himmerlein A, Griese N, et al.
Nature and frequency of drug-related problems

journals.sagepub.com/home/taw


https://journals.sagepub.com/home/taw
https://www.abda.de/fileadmin/user_upload/assets/Broschueren/ABDA_ZDF_2019_Brosch.pdf
https://www.abda.de/fileadmin/user_upload/assets/Broschueren/ABDA_ZDF_2019_Brosch.pdf
https://www.abda.de/fileadmin/user_upload/assets/Broschueren/ABDA_ZDF_2019_Brosch.pdf
https://www.bfarm.de/SharedDocs/Downloads/EN/Drugs/vigilance/InformationRisks/RI_rhb/2018/rhb-saccharomyces%20boulardii.html
https://www.bfarm.de/SharedDocs/Downloads/EN/Drugs/vigilance/InformationRisks/RI_rhb/2018/rhb-saccharomyces%20boulardii.html
https://www.bfarm.de/SharedDocs/Downloads/EN/Drugs/vigilance/InformationRisks/RI_rhb/2018/rhb-saccharomyces%20boulardii.html
https://www.bfarm.de/SharedDocs/Downloads/EN/Drugs/vigilance/InformationRisks/RI_rhb/2018/rhb-saccharomyces%20boulardii.html

F Schindler, T Schinkoethe et al.

in self-medication (over-the-counter drugs) in
daily community pharmacy practice in Germany.
Pharmacoepidemiol Drug Saf 2012; 21: 254-260.

41. Bundesministerium fur Justiz und
Verbraucherschutz. Verordnung tiber die
Verschreibungspflicht von Arzneimitteln
(Arzneimittelverschreibungsverordnung -
AMVYV) - Anlage 1 (zu § 1 Nr. 1 und § 5) Stoffe
und Zubereitungen nach § 1 Nr. 1.

42. Surawicz CM, Elmer GW, Speelman P, ez al.
Prevention of antibiotic-associated diarrhea by
Saccharomyces boulardii: a prospective study.
Gastroenterology 1989; 96: 981-988.

43. Pollak A, Gruber W, Birnbacher R,
et al. Richtlinien zur Privention von
Neuralrohrdefekten durch perikonzeptionelle
Folsduresubstitution. PerinatalMedizin. 1998; 10:
73-74.

44. Barney L], Griffiths KM, Jorm AF, ez al. Stigma
about depression and its impact on help-seeking
intentions. Aust N Z ¥ Psychiatr 2006; 40:
51-54.

45. Rogge MM, Greenwald M and Golden A.
Obesity, stigma, and civilized oppression. Adv
Nurs Sci. 20045 27: 301-315.

46. FDA Drug Safety Communications. FDA limits
packaging for anti-diarrhea medicine loperamide
(Imodium) to encourage safe use, https://www.fda.
gov/media/110861/download (2018, accessed 15
February 2022).

47. Ter Heine R, Fanggiday JC, Lankheet NA, ez al.
Erlotinib and pantoprazole: a relevant interaction
or not? Br ¥ Clin Pharmacol 2010; 70: 908-911.

48. Del Re M, Omarini C, Diodati L, ez al. Reply to
comments on: drug-drug interactions between
palbociclib and proton pump inhibitors may
significantly affect clinical outcome of metastatic
breast cancer patients. ESMO Open. 2022; 7:
100381.

49. Gurley BJ, Fifer EK and 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.

50. Gurley BJ. Emerging technologies for improving
phytochemical bioavailability: benefits and risks.
Clin Pharmacol Ther 2011; 89: 915-919.

51. Chopra AS, Lordan R, Horbanczuk OK, ez al.
The current use and evolving landscape of

nutraceuticals. Pharmacol Res 2022; 175: 106001.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Nicoletti M. Nutraceuticals and botanicals:
overview and perspectives. Int ¥ Food Sci Nutr
2012; 63: 2-6.

Santini A, Cammarata SM, Capone G, et al.
Nutraceuticals: opening the debate for a
regulatory framework. Br ¥ Clin Pharmacol 2018;
84: 659-672.

Héimeen-Anttila K, Pietild K, Pylkkdnen L, ez al.
Internet as a source of medicines information
(MI) among frequent internet users. Res Soc Adm
Pharm 2018; 14: 758-764.

Peterson G, Aslani P and Williams KA. How do
consumers search for and appraise information on
medicines on the internet? a qualitative study using
focus groups. ¥ Med Internet Res 2003; 5: €33.

Jordan MA and Haywood T. Evaluation of
internet websites marketing herbal weight-loss
supplements to consumers. ¥ Altern Complement
Med 2007; 13: 1035-1043.

Bjelica A, Aleksi¢ S, Golocorbin-Kon S, ez al.
Internet marketing of cardioprotective dietary
supplements. ¥ Altern Complement Med 2020; 26:
204-211.

Schindler E, Hohmann C and Culmsee C.
Medication review by community pharmacists for
type 2 diabetes patients in routine care: results of
the DIATHEM-Study. Front Pharmacol 2020; 11:
1176-1212.

Prely H, Herledan C, Caffin AG, ez al. Real-
life drug-drug and herb-drug interactions

in outpatients taking oral anticancer drugs:
comparison with databases. ¥ Cancer Res Clin
Oncol. 2022; 148: 707-718.

Hammar T, Hamqvist S, Zetterholm M, ez al.
Current knowledge about providing drug-drug
interaction services for patients-a scoping review.
Pharmacy 20215 9: 69.

Bundestag D, Bundesministerium D,
Bundesministerium, et al. Gesetz fur mehr
Sicherheit in der Arzneimittelversorgung.
Bundesgesetzblatt Jahrgang 2019 Teil I Nr. 30.
2019; 1202-1219.

Han YY, Carcillo JA, Venkataraman ST,

et al. Unexpected increased mortality after
implementation of a commercially sold
computerized physician order entry system.
Pediatrics. 2005; 116: 1506-1512.

Kenawy AS and Kett V. The impact of electronic
prescription on reducing medication errors in an
Egyptian outpatient clinic. Inz ¥ Med Inform 2019;
127: 80-87.

Visit Sage journals online
journals.sagepub.com/
home/taw

SSage journals

journals.sagepub.com/home/taw


https://journals.sagepub.com/home/taw
https://www.fda.gov/media/110861/download
https://www.fda.gov/media/110861/download

