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Abstract: Oral antitumor therapeutics (OAT) bear a high risk for medication errors, e.g., due to
drug–drug or drug–food interactions or incorrect drug intake. Advanced age, organ insufficiencies,
and polymedication are putting uro-oncological patients at an even larger risk. This analysis sets out
to (1) investigate the frequency and relevance of medication errors in patients with prostate cancer
or renal cell carcinoma treated with OAT and (2) compile recommendations for clinical practice.
This post-hoc subgroup analysis used data collected in the randomized AMBORA trial (2017–2020;
DRKS00013271). Clinical pharmacologists/pharmacists conducted advanced medication reviews
over 12 weeks after initiation of a new oral regimen and assessed the complete medication process
for drug–related problems. Medication errors related to either the OAT, prescribed or prescription-
free concomitant medication, or food were classified regarding cause and severity. We identified
67 medication errors in 38 patients within the complete medication within 12 weeks. Thereof, 55%
were detected at therapy initiation, 27% were caused by the patients, and 25% were drug–drug
or drug–food interactions. Problem-prone issues are summarized in a ‘medication safety table’
to provide recommendations for clinical practice in uro-oncology. Tailored strategies including
intensified care by clinical pharmacologists/pharmacists should be implemented in clinical practice
to improve medication safety.

Keywords: drug–related problems; medication errors; medication safety; prostate cancer; renal
cell carcinoma

1. Introduction

The systemic therapy of malignant tumors is becoming increasingly complex [1]. Sev-
eral new oral antitumor therapeutics (OAT) were approved within the last decades and
gain importance [2]. Patients and treatment teams often prefer OAT due to the conve-
nient way of independent drug intake [3]. Nonetheless, OAT is associated with distinct
challenges for medication safety [2,4,5]. Therapeutic success can be endangered by, e.g.,
drug–drug or drug–food interactions, limited patient adherence, complex dosing regimens,
and toxicity [2,6–8]. Especially, patients with prostate cancer (PC) or renal cell carcinoma
(RCC) are a high-risk population for medication errors (defined as ‘any preventable event
that may cause or lead to inappropriate medication use or patient harm’ [9]) due to ad-
vanced age, organ insufficiencies, and polymedication [10].
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To date, several pivotal clinical studies have shown significant improvements in
progression-free or overall survival due to evolved treatment strategies for urological tu-
mors (monotherapy or combinations, e.g., cabozantinib and nivolumab) [11]. Starting with
the approval of the antihormonal agent abiraterone for metastatic PC, the tyrosine kinase
inhibitors sunitinib and sorafenib have contributed to new treatment options for patients
with metastatic RCC. Some of these new options can only be considered for individual
patients after molecular analysis (e.g., olaparib in the presence of BRCA mutation). There
are five new OAT approved for PC and eight for RCC (in Germany as of April 2022).

Data on the appropriate use of OAT in daily standard care within this high-risk popula-
tion are rare. An analysis in a genitourinary oncology practice identified medication-related
problems (e.g., side effects, drug–drug interactions, duplications) in 25% of 315 assessments
performed by pharmacists in 20 patients [12].

An intensified clinical pharmacological/pharmaceutical care program added and
integrated into the standard of care practice can considerably optimize the use of a broad
range of approved new OAT as we could show in the recently published randomized
AMBORA trial [13]. The systematic data collection and analysis using standard oper-
ating procedures within the AMBORA trial guaranteed almost complete demographic
and medication data of excellent quality (e.g., advanced medication reviews, predefined
time points over 12 weeks, consideration of the complete medication, see [14]). The trial
results evidenced that medication errors, side effects, and patient-reported outcomes were
significantly improved by an intensified clinical pharmacological/pharmaceutical care
program compared to the usual standard of care. Importantly, the clinically highly relevant
combined endpoint of severe side effects, treatment discontinuation, unscheduled hospital
admissions, and death was reduced by 52% due to the intervention [13].

As detailed knowledge on, e.g., the causes and severity of medication errors in patients
with PC or RCC treated with new OAT is still lacking, we now set out to (1) identify and
describe especially problem-prone aspects for medication safety and (2) give tailored
practical recommendations for healthcare professionals in uro-oncology.

2. Materials and Methods
2.1. Patients and Design

This analysis is based on the dataset of our previously published randomized, con-
trolled, multicenter AMBORA trial [13,14] (Medication Safety with Oral Antitumor Ther-
apy) and targets the subgroup of patients with PC or RCC in more detail. In brief, the AMB-
ORA trial investigated the impact of an intensified clinical pharmacological/pharmaceutical
care program on medication safety in 202 patients treated with new OAT independent of
tumor entities. The term ‘new OAT’ was defined as drugs, which were approved after the
first tyrosine kinase inhibitor imatinib in Germany since February 2001. Written informed
consent was given by the patients prior to enrollment. Approval by the Ethics Committee of
the Friedrich-Alexander-Universität Erlangen-Nürnberg was obtained and registration in
the German Clinical Trials Register (DRKS00013271) was conducted. The study was carried
out in Germany at 11 independent outpatient clinics and oncological practices (including
one outpatient clinic for uro-oncology) associated with the CCC Erlangen-EMN.

Following a 1:1 randomization, patients were allocated between November 2017 and
January 2020 to a control group (routine clinical care) or an intervention group (intensi-
fied clinical pharmacological/pharmaceutical care program). Over a follow-up period of
12 weeks per patient, clinical pharmacologists/pharmacists were involved in additional
care sessions in the intervention group at predefined time points (at the initiation of the new
oral regimen, week 0), and within the follow-up period (week 1, 4, and 12) and performed,
e.g., patient counseling and medication management. For the present post-hoc subgroup
analysis, patients with PC or RCC were retrieved from the dataset as published in [13] and
the data were pooled from the control and the intervention group.
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2.2. Data Collection

As previously described [13,14], the patient characteristics and the patients’ complete
medications were inquired through structured patient interviews at the time point of initia-
tion of the new oral regimen (baseline, week 0) and regularly updated within the follow-up
counseling sessions after 4 and 12 weeks. Missing or unclear data was supplemented, e.g.,
by the patients’ electronic health records.

Besides demographic characteristics (e.g., age, gender), detailed clinical data (e.g.,
comorbidities, laboratory parameters) were collected. Patients were asked about habits [e.g.,
smoking, consumption of grapefruit (-products)] and the use of medication besides the OAT.
The concomitant medication (prescribed drugs, Rx) and over-the-counter drugs (OTC, e.g.,
ibuprofen, herbal drugs, or dietary supplements) were explicitly inquired and taken into
account by the clinical pharmacologist/pharmacist to ensure the best possible medication
history (BPMH [15]). Topically administered drugs or specific drug intake routes (e.g.,
inhalatives, transdermal patches) were queried as well. Medication was classified according
to the Anatomical Therapeutical Chemical (ATC) system code and the respective dosages
and schedules were determined. For further analysis, the complete medication was divided
into the subgroups ‘oral antitumor therapy’ or ‘co-medication’ as well as ‘prescribed’ or
‘over-the-counter’ drugs.

2.3. Medication Review

Clinical pharmacologists/pharmacists checked the complete medication process from
prescribing to drug intake to detect medication errors [13]. They specifically checked
whether the drugs were correctly and regularly handled by the patients. Advanced med-
ication reviews [following the definition according to the Pharmaceutical Care Network
Europe (PCNE [16])] when besides the patient interview, clinical data, and medication
history is available as information were performed at each follow-up appointment. The
medication history was screened using different tools and checklists [e.g., START/STOPP
criteria [17], medication appropriateness index (MAI [18]), Beers Criteria [19]], and original
research papers to identify (potential) medication errors. For each patient, the individual
clinical situation was considered to rate whether the medication was appropriate.

At least two evidence-based drug interaction tools were utilized (Lexicomp® Drug
Interactions, Hudson, OH, USA [20] and Stockley’s Interactions Checker, London, UK [21]
primarily for drug–drug interactions, the database of the Memorial Sloan Kettering Cancer
Center, New York, NY, USA [22] on top for drug–herb or drug–food interactions). Following
thorough medication analyses, every single medication error was judged and double-
checked for clinical relevance by a second expert as previously described [13,14].

2.4. Typology of Medication Errors

The medication errors were categorized by the Pharmaceutical Care Network Europe
(PCNE) classification tool (Version V8.02 [23]) that assigns, e.g., one problem and the
underlying cause for each error. Medication errors were defined according to the National
Coordinating Council for Medication Error Reporting and Prevention (NCC-MERP) as
‘any preventable event that may cause or lead to inappropriate medication use or patient
harm’ [9]. According to the corresponding NCC-MERP algorithm [9], medication errors
were allocated to categories for patient harm ranging from B (= did not reach the patient)
to I (= patient death). For drug–drug or drug–food interactions, severity was documented
according to Lexicomp® [20]. Medication errors within the patients’ complete medication
were further divided as to whether the OAT was involved, or the error occurred within the
concomitant medication.

2.5. Medication Safety Table

In order to give practical recommendations regarding key medication safety issues
with new oral uro-oncological regimens for healthcare professionals, a ‘medication-safety-
table’ was created. The table specifically comprises new OAT currently approved for PC
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or RCC in Germany (as of April 2022). We took account of (1) the clinical experience
from medication errors in patients with PC or RCC within the AMBORA trial (present
analysis and [13,14]) and (2) key medication safety issues described in the German Sum-
maries of Product Characteristics, databases (e.g., UpToDate®, Waltham, MA, USA [24];
CredibleMeds®, Tucson, AZ, USA [25]), as well as pertinent guidelines.

2.6. Statistical Analysis

For demographic and clinical patient characteristics, the medication history, and
the typology of medication errors, descriptive statistics were applied and analyzed with
Microsoft Excel®, Redmond, WA, USA. Frequency distributions were assessed by applying
Pearson’s χ2-test and Fisher’s Exact test. Pairwise group differences were analyzed using
unpaired t-tests or nonparametric Mann–Whitney U tests, and multigroup differences
using the Jonckheere-Terpstra test with IBM SPSS Statistics 26.0, Ehningen, Germany (p
values below 0.05 were considered statistically significant).

3. Results
3.1. Patients

The characteristics of the complete AMBORA population regarding demographics
and medication use were previously published [13,14]. Of the 202 patients included in
the AMBORA trial, 38 patients with PC or RCC were identified for this subgroup analysis.
Detailed characteristics are presented in Table 1. Twenty (53%) and eighteen (47%) patients
received OAT for PC and RCC, respectively. The patients were on average 70 years
old and took a median number of 10 drugs at baseline (range: 2–21). Over-the-counter
(OTC) drugs were regularly used by 34% (13/38) of the patients. The most frequently
prescribed OAT were abiraterone (34%, 13/38) and cabozantinib (26%, 10/38). Patient
baseline characteristics stratified for PC and RCC are shown in supplementary Table S1.
A flow chart providing information on the allocation of patients with PC or RCC within
the AMBORA trial including the numbers of medication errors stratified for control and
intervention group is attached in supplementary Figure S1.

Table 1. Baseline clinical characteristics of the patients with PC or RCC.

Characteristic No. (%)
Total (N = 38)

Age, years (mean, range) 69.9 (47–85)
Male sex 36 (94.7)
Female sex 2 (5.3)
ECOG status

0 10 (26.3)
1 19 (50.0)
>1 9 (23.7)

Cancer type and oral anticancer therapy
Prostate cancer 20 (52.6)

Abiraterone 13 (34.2)
Enzalutamide 4 (10.5)
Olaparib 3 (7.9)

Renal cell carcinoma 18 (47.4)
Cabozantinib 10 (26.3)
Pazopanib 5 (13.2)
Sunitinib 2 (5.3)
Axitinib 1 (2.6)

Anticancer regimen
Monotherapy * (oral) 37 (97.4)
Combination (oral + parenteral) 1 (2.6)
In-label 35 (92.1)
Off-label 3 (7.9)
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Table 1. Cont.

Characteristic No. (%)
Total (N = 38)

Number of all drugs # (median, range)
Oral anticancer therapy 1 (1–1)
Concomitant medication 9 (1–20)
Complete medication 10 (2–21)

Use of OTC drugs and habits
Yes 13 (34.2)
No 25 (65.8)
Consumption of grapefruit (-products) 6 (15.8)

Comorbidities (Top 5)
Hypertension 28 (73.7)
Diabetes mellitus 10 (26.3)
Chronic renal failure 5 (13.2)
Dyslipidemia 5 (13.2)
Coronary heart disease 4 (10.5)
Glaucoma 4 (10.5)
Hypothyroidism 4 (10.5)
Atrial fibrillation 3 (7.9)

Patient characteristics of the complete AMBORA population were previously published [13,14].
* Thirteen patients received the combination of abiraterone (oral anticancer therapy) and prednisolone (co-
medication). # Number of all drugs includes, e.g., oral, parenteral, topical, transdermal, inhalative, and OTC
drugs. Abbreviations: ECOG = Eastern Cooperative Oncology Group; OTC = over-the-counter; PC = prostate
cancer; RCC = renal cell carcinoma.

3.2. Medication Errors
3.2.1. Numbers and Involved Medicines

The data on all 335 medication errors detected within the entire AMBORA popu-
lation were previously published [14]. The total number of 67 medication errors in the
uro-oncological subgroup (1.8 medication errors per patient) within the first 12 weeks
of treatment were detected in 74% (28/38) of the patients with PC or RCC (Figure 1).
Forty-five percent of patients (17/38) had at least one medication error involving the OAT
(Figure 1). The OAT was involved in 31% (21/67) of all errors. The average number of
medication errors per patient was highest for olaparib (four errors in three patients). The
number of medication errors per patient stratified for PC and RCC and group differences
regarding demographic characteristics and the numbers of medication errors are presented
in supplementary Table S2. No significant differences were found when comparing patients
with PC and RCC, but the complete uro-oncological group (PC and RCC) was significantly
older than the rest of the AMBORA population (p = 0.02). The most frequent therapeutic
subgroups involved in all medication errors were analgesics, mineral supplements, an-
tithrombotic agents, calcium channel blockers, lipid-modifying agents, and drugs for the
treatment of bone diseases. The association of the number of all drugs at baseline with the
number of medication errors related to the complete medication within the first 12 weeks
of therapy is shown in supplementary Figure S2.
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Figure 1. Number of medication errors in patients with PC or RCC treated with new oral antitumor
drugs within the first 12 weeks of therapy stratified for the involved type of medication (oral
antitumor therapy or concomitant medication) and the tumor entity. Abbreviations: PC = prostate
cancer; RCC = renal cell carcinoma.

3.2.2. Typology of Medication Errors

Most medication errors (55%; 37/67) were detected immediately after the initiation
of the OAT (week 0), 28% (19/67) within weeks 0 to 4, and 16% (11/67) within weeks 4 to
12 (Figure 2a). Twenty-seven percent of the medication errors (18/67) were caused by the
patients (Figure 2b). The leading problem of all medication errors was ‘treatment safety’
(43%; 29/67) followed by ‘treatment effectiveness’ (31%; 21/67, Figure 2c). Treatment
safety means a possible increased risk for toxicity (e.g., error may result in elevated plasma
concentrations); treatment effectiveness means a possible reduced effect of the pharma-
cotherapy (e.g., error may result in decreased plasma concentrations). Most errors (63%;
42/67) reached the patient but did not cause harm (Figure 2d). Of the eleven errors that
resulted in temporary harm, eight errors occurred within the co-medication and the OAT
were involved in three errors (Figure 2d). The overall distribution of harm categories was
significantly different when comparing medication errors related to the OAT with those
that occurred within the concomitant medication (p = 0.001). In detail, 48% (10/21) of the
medication errors involving the OAT did not reach the patients, whereas 9% (4/46) of the
medication errors within the concomitant medication were detected before reaching the
patients (Figure 2d).

Medication errors corresponding to the phase of the medication process are illus-
trated in Table 2, stratified for the causes according to the PCNE classification [23]. All
errors involving the OAT stratified for each investigated drug are presented in supple-
mentary Table S3. The highest prevalence of medication errors was found at the stage of
prescribing (66%; 44/67) followed by drug use (33%; 22/67). A detailed description of
the number and typology of medication errors stratified for PC and RCC is provided in
supplementary Figures S3 and S4.
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Figure 2. Number of medication errors in patients with PC or RCC treated with new oral antitumor
drugs within the first 12 weeks of therapy stratified for (a) time point of occurrence; (b) patient as
underlying cause, (c) type (anticipated consequence) of problem, and (d) harm categories according
to the National Coordinating Council for Medication Error Reporting and Prevention (NCC-MERP
index, [9]). Frequency distributions were analyzed using Pearson’s χ2-test and Fisher’s Exact test
(n.s. = not significant). + This contains NCC-MERP category ‘B’. * This contains NCC-MERP
categories ‘C’ and ‘D’. # This contains NCC-MERP categories ‘E’ to ‘I’. ** One patient suffered from
constipation and inguinal hernia because he drank only half a glass of water per day, worrying to
dilute abiraterone and thereby decrease therapeutic efficacy [14]; in another patient, therapy with
nitrendipine was insufficient after he received enzalutamide (strong inducer of CYP3A4) resulting in
hypertension; in the third case, the international normalized ratio (INR) of a patient under treatment
with phenprocoumon decreased over time after therapy initiation of enzalutamide (strong inducer of
CYP2C9) resulting in insufficient anticoagulation (INR 1.46 after 3 months).
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Table 2. Number of medication errors in patients with PC or RCC on new oral antitumor drugs
classified by PCNE V8.02 [23].

Cause of Medication Errors

No. (%)

Complete
Medication

Oral
Antitumor
Therapy

Co-
Medication

Inappropriate drug
according to guidelines/formulary 4 (6.0) - 4 (6.0)

Inappropriate drug (within guidelines,
otherwise contraindicated) 2 (3.0) - 2 (3.0)

No indication for drug 2 (3.0) - 2 (3.0)
Inappropriate combination 11 (16.4) 7 (10.4) 4 (6.0)
Inappropriate duplication - - -

No drug treatment in spite of
existing indication 4 (6.0) - 4 (6.0)

Drug
selection

Too many drugs prescribed for indication - - -

Drug form Inappropriate drug form 4 (6.0) 1 (1.5) 3 (4.5)

Drug dose too low - - -
Drug dose too high 3 (4.5) - 3 (4.5)

Dosage regimen not frequent enough 2 (3.0) - 2 (3.0)
Dosage regimen too frequent 4 (6.0) 1 (1.5) 3 (4.5)

Dose
selection

Dose timing instructions wrong,
unclear or missing 7 (10.4) 4 (6.0) + 3 (4.5)

Duration of treatment too short - - -Treatment
duration Duration of treatment too long 1 (1.5) 1 (1.5) -

Pr
es

cr
ib

in
g

Total 44 (65.7) 14 (20.9) 30 (44.8)
Prescribed drug not available 1 (1.5) 1 (1.5) -

Necessary information not provided - - -
Wrong drug, strength or dosage advised

(OTC) - - -
Dispensing

Wrong drug or strength dispensed - - -D
is

pe
ns

in
g

Total 1 (1.5) 1 (1.5) -
Drug use
process Not applicable in this trial a - - -

Patient uses/takes less drug than
prescribed or does not take the drug at all 5 (7.5) - 5 (7.5)

Patient uses/takes more drug than
prescribed 1 (1.5) - 1 (1.5)

Patient abuses drug - - -
Patient uses unnecessary drug 5 (7.5) - 5 (7.5)

Patient takes food that interacts b 2 (3.0) 1 (1.5) 1 (1.5)
Patient stores drug inappropriately - - -

Inappropriate timing or dosing intervals 3 (4.5) - 3 (4.5)
Patient uses the drug in a wrong way 2 (3.0) 2 (3.0) * -

Patient related

Patient unable to use drug/form as directed - - -

No or inappropriate outcome monitoring
(incl. TDM) 1 (1.5) 1 (1.5) -

Other cause 3 (4.5) 2 (3.0) # 1 (1.5)
Other

No obvious cause - - -

U
se

Total 22 (32.8) 6 (9.0) 16 (23.9)
Total 67 (100) 21 (31.3) 46 (68.7)

a The cause domain ‘Drug use process’ was not applicable in this trial (patients getting the drug administered by
a caregiver or healthcare professional were excluded from the AMBORA trial [13]. b This includes food, dietary
supplements, and OTC drugs taken by the patient that interact with the medication. + e.g., olaparib thrice instead
of twice daily. * e.g., abiraterone with apple sauce due to difficulties in swallowing. # e.g., cabazitaxel instead of
cabozantinib documented in the medical record (sound-alike problem). Abbreviations: PCNE = Pharmaceutical
Care Network Europe; TDM = therapeutic drug monitoring.
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3.2.3. Drug–Drug and Drug–Food Interactions

Within the complete medication, 17/67 (25%) drug–drug and drug–food interactions
were detected, and the OAT was involved in 10/17 (59%). Within all pharmacokinetic
drug–drug and drug–food interactions, the OAT was the ‘victim drug’ in three and the
‘perpetrator drug’ in four cases. A visual presentation of all pharmacokinetic and phar-
macodynamic drug–drug and drug–food interactions with a focus on the OAT is given in
Figure 3.
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Figure 3. Number and types of drug–drug and drug–food interactions in patients with PC or RCC
treated with new oral antitumor drugs within the first 12 weeks of therapy stratified for the involved
type of medication. Arrows represent the ‘direction’ of the interactions as explained below: → = the
‘perpetrator’ drug on the left side of the arrow affects the ‘victim’ drug on the right side of the arrow
leading to either: (+) = possible elevated toxicity of the ‘victim’ drug; (−) = possible reduced efficacy of
the ‘victim’ drug; ↔ = mutual interactions requiring additional measures (e.g., blood pressure or ECG
monitoring). Abbreviations: ECG = electrocardiogram; OTC = over-the-counter; Rx = prescribed drugs.

3.3. Medication Safety Table

The developed supplementary medication safety table provides an overview includ-
ing five new OAT for PC and eight for RCC. The chart specifies key medication safety
issues, e.g., on (1) drug intake, (2) whether pharmacokinetics are affected by grapefruit
(-products), St John’s wort, or gastric pH, (3) recommended dose adjustments in the case
of organ insufficiency, and (4) monitoring (e.g., electrocardiograms). An excerpt with the
top six medication errors involving the OAT and a resulting checklist for clinical practice is
displayed in Figure 4.
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4. Discussion

To the best of our knowledge, the present analysis is the first analysis of medication
errors within 12 weeks after the initiation of a new OAT in patients with PC or RCC. In
this subgroup analysis of the AMBORA trial, 74% of the patients with PC or RCC had at
least one medication error within the complete medication, and 45% at least one involving
the OAT. In our analysis, 55% of medication errors were detected at the initiation of the
oral regimen, which turned out as being the most critical time point to detect medication
errors [14]. An analysis of 249 patients treated with OAT for a broad spectrum of tumor
entities in a Spanish tertiary hospital over a follow-up of six months reported a similar
prevalence at baseline (68%) [26]. Furthermore, we detected a significantly higher number
of medication errors involving the OAT before reaching the patients compared to errors
related to the concomitant medication. Given the fact that patients were counseled right at
initiation of the OAT, this finding underlines that systematic medication management can
substantially help to prevent medication errors.

In line with Benoist et al., who reported a median number of eleven (range 1–26)
co-medications in patients treated with enzalutamide [27], patients of the present subgroup
analysis were treated with ten drugs (median, range 2–21). This number is higher compared
to the entire AMBORA population [14] (median eight, range 1–67) and strengthens the
assumption that patients with uro-oncological tumors represent a high-risk population due
to polymedication. Thus, a detailed review of the complete medication is highly relevant
as 69% of all errors occurred within the co-medication.

Several previous analyses on medication errors in uro-oncological patients investigated
either single drugs, focused on drug–drug interactions only, or counted medication-related
problems differently [7,12,27–29] and are therefore difficult to compare. In our analysis,
drug–drug or drug–food interactions accounted only for 25% of all medication errors.
Errors that cannot be detected by drug–drug interaction databases (e.g., drug handling,
monitoring) should not be neglected. New OAT for PC or RCC are heterogeneous drugs
with varying pharmacokinetic interaction profiles (supplementary medication safety table).
Enzalutamide and apalutamide, both potent inducers of the CYP3A4 drug-metabolizing
enzyme as well as other enzymes/transporters important for drug disposition [27,30], act
as ‘perpetrator drugs’ and can lead to a loss of therapeutic effects of a variety of substances
when administered simultaneously. Subsequently, enzalutamide, for example, has been
reported to have a higher drug interaction potential (85% of patients [27]) compared to
abiraterone (20–40% [31]), which is in line with our findings.

Inappropriate (co-)medication can not only cause side effects and thus affect quality of
life, it can also diminish desired therapeutic outcome. A decreased overall survival by 4.6
months (8.0 vs. 12.6 months) was reported when pazopanib (pH-dependent solubility) was
co-administered with proton-pump inhibitors compared to nonusers [32].

Furthermore, the absorption of several OAT is affected in a clinically relevant extent by
concurrent food intake [33]. Thus, strict instructions regarding time intervals between drug
and food intake need to be followed in five uro-oncological OAT. For example, abiraterone
plasma concentrations are elevated up to 10-fold (AUC) depending on the fat content of the
nutrition [34]. Detailed medication reviews including the use of OTC products (e.g., proton
pump inhibitors, antacids) and patients’ food habits combined with appropriate counseling
is crucial as 27% of all medication errors were caused by the patients themselves.

Sixteen percent of all errors resulted in temporary patient harm like adverse drug
reactions. Whereas angiogenesis inhibitors are known to cause typical side effects such as
bleeding complications, impaired wound healing, or elevated blood pressure [35], antian-
drogen therapies may provoke a prolongation of the QT interval and increase the risk of
Torsades de pointes arrhythmia [36]. Hence, interruption of treatment is recommended
in case of surgical intervention under angiogenetic therapy [37] and regular electrocardio-
grams should be performed in most patients with androgen deprivation therapy to prevent
patient harm (supplementary medication safety table).
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The limitations of the present analysis are almost congruent with the previously
published overall analysis of medication errors in the AMBORA trial [14]: Our data pooled
both arms of the randomized, controlled trial [13]. Thus, the intervention in about 50% of
the patients led to a partial prevention of medication errors over time. Overall, 35 and 32
medication errors were detected within this subgroup in the control and the intervention
group, respectively. Furthermore, our analysis generates knowledge only about the first
three months of treatment. Thus, no conclusions can be drawn regarding the effect of
medication errors on hard clinical outcomes (e.g., the effectiveness of the OAT and/or
disease progression). More research is required about medication errors in a larger patient
cohort with a longer follow-up. Last, the overall number of patients was too small to
generate further knowledge about risk-factors within this subgroup.

5. Conclusions

Medication errors throughout the medication process are frequent in patients with PC
or RCC treated with new OAT. Independent drug intake, polymedication, and OAT with
heterogeneous drug–drug and drug–food interaction profiles require specific measures
that should be applied to these high-risk patients and the treatment teams to improve
medication safety. Specific attention should be given to systematic checks for drug–drug
or drug–food interactions (e.g., prescribed and prescription-free co-medication), accurate
providing of instructions (e.g., intake with or without food), and appropriate monitoring
(e.g., electrocardiograms).

In line with the findings of our previously published randomized AMBORA trial, this
subgroup analysis indicates that the implementation of systematic medication manage-
ment and patient counseling in routine clinical care performed by clinical pharmacolo-
gists/pharmacists can (1) prevent and resolve medication errors, (2) substantially improve
medication safety, and (3) optimize outcomes in uro-oncological patients treated with new
oral antitumor drugs.

Supplementary Materials: The following supporting information can be downloaded at: https://ww
w.mdpi.com/article/10.3390/jcm11154558/s1, Figure S1: Flow chart of patient allocation of patients
with PC or RCC treated with new oral antitumor drugs within the AMBORA trial [13] stratified for
both tumor entities (green), intervention or control group, and the respective number of medication
errors (grey); Figure S2: Association of the number of medication errors per patient related to the
complete medication with the number of all drugs at baseline in patients with PC or RCC treated
with new oral antitumor drugs within the first 12 weeks of therapy; Figure S3: Number of medication
errors in patients with PC or RCC treated with new oral antitumor drugs within the first 12 weeks of
therapy stratified for both tumor entities and (a) time point of occurrence, (b) patient as underlying
cause; Figure S4: Number of medication errors in patients with PC or RCC treated with new oral
antitumor drugs within the first 12 weeks of therapy stratified for both tumor entities and (a) type of
problem, and (b) harm categories according to the National Coordinating Council for Medication Error
Reporting and Prevention (NCC-MERP [9]); Supplementary medication safety table: Characteristics
of new oral uro-oncological drugs; Table S1: Baseline clinical characteristics of the patients with PC
or RCC stratified for both tumor entities; Table S2: Analysis of group differences regarding selected
clinical characteristics and the number of medication errors per patient in patients treated with new
oral antitumor drugs within the first 12 weeks of therapy stratified for the groups PC, RCC, and all
other tumor entities of the AMBORA population; Table S3: Number of medication errors related to
the oral antitumor therapy in patients with PC or RCC stratified for each oral antitumor drug and the
respective cause according to PCNE V8.02 classification [23].
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