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TherapeuTic advances in 
drug safety

Clinical relevance of potential self-
medication drug interactions in 
antineoplastic and immune-modulating 
therapy among online pharmacy customers
Florian Schindler , Timo Schinkoethe, Sven Mahner, Thomas Kolben, Rachel Wuerstlein, 
Carsten Culmsee, Nadia Harbeck and Tanja K. Eggersmann

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 or immune-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.

It is therefore 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, DDIs, 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 20201 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 rise2 presumably in part due to the 
increasing number of oral anti-cancer drugs that 
have been approved over the last 20 years.3 
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 cancer4,5, poly(Adenosine 
Diphosphate (ADP)-ribose)  polymerase inhibi-
tors for patients with BReast CAncer Gene 1 
(BRCA-1) or BRCA-2 mutations.6,7 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.9 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).10 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.11 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.12

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.13 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.14 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,14 indi-
cating that the quality of advice provided by 
online pharmacies is often not as good as is 
legally mandated for a german pharmacy.15

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,16 the selection of a 
particular online pharmacy by the customer is 
often driven by a cheaper price for the drugs,17 
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.18 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 für 
Arzneispezialitäten – 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 
for all relevant 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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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 

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) 167 Etanercept

578 Tamoxifen 164 Mycophenolic acid

506 Azathioprine 159 Ciclosporin

401 Letrozole 141 Leflunomide

373 Adalimumab 134 Interferon beta-1a

260 Anastrozole 125 Hydroxycarbamide

259 Tacrolimus 120 Bicalutamide

225 Dimethyl fumarate 115 Certolizumab pegol

190 Leuprorelin 102 Palbociclib

175 Glatiramer acetate 98 Aminovulic acid
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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.

Figure 1. Total amount of packages sold by channel over time.

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 
relevant sales 
online pharmacy

Share of relevant 
sales online 
pharmacy (%)

Number of relevant 
sales community 
pharmacy

Share of relevant 
sales community 
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

PPIs 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.

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
The aim of this study was to compare possible 
risks from OTC-drugs, purchased via online 

versus community pharmacies, interacting with 
high-potency drugs, based on real sales data. 
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 et 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 via 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.41 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 therapy42 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 is still seen as a stigma, particularly by the 
elderly, it is often concealed by those affected 
who also tend to self-medicate.44 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.45 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 
5–10 mg once a week approximately 24 h after the 
weekly MTX administration are recommended. 
Shorter time intervals risk reduced therapeutic 
effect of MTX.23–25 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.26–28 The FDA (U.S. 
Food and Drug Administration) has released sev-
eral ‘Drug Safety Communication’ letters in 
regard to this problem.46 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 et al.35 sum up the frequently 
described interaction of low-dose MTX 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,47 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.48 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.36 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.38,39 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 in vitro analyses describe strong poten-
tial problems.49 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.50

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.53 
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.54 However, 
users often showed limited awareness of how to 
evaluate this internet-based information about 
medicines.55 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.56,57 
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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.58 This 
should be carried out by specially trained person-
nel and not solely based on databases. Prely 
et al.59 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.60

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 year18 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,61 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,62,63 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.
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