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Abstract: The use of natural compounds and, in general, the use of Complementary and Alternative
Medicine (CAM), is growing steadily worldwide, both due to commercial pressure and the increasing
use of self-medication and the desire to manage one’s own personal health and well-being. Patients
facing a cancer diagnosis are also strongly pressured to use these compounds, which are often added
to standard therapeutic regimens, that should instead be based solely on diagnostic and therapeutic
care pathways (DTCP) or evidence-based medicine (EBM). This study presents two clinical cases of
cancer patients who presented to the pharmaceutical consultation service (PCD—Pharmacy Clinical
Desk) established at the CRO Institute in Aviano, Italy. Both patients were using natural products
along with prescribed chemotherapy. In the first case, a 55-year-old woman diagnosed with bilateral
breast cancer with bone metastases, who was using natural compounds based on diosmin, escin (or
aescin) and resveratrol in combination with ribociclib anticancer therapy, a severe ADR (neutropenia)
was identified as a consequence of the drug–natural product interaction. In the second case, following
a detailed medication review by the PCD, we avoided taking a therapeutic treatment (with natural
compounds) that in itself could potentially render chemotherapy ineffective in a 57-year-old woman
with multiple infiltrating ductal carcinoma of the left breast; the patient was planning to take a
natural product containing St. John’s Wort tincture and lemon balm tincture, in combination with
paclitaxel and trastuzumab. In addition, we describe the corrective actions taken, thus outlining the
main objectives of the activity of the PCD’s pharmacy counseling service: first, to identify, report,
and manage adverse drug reactions (ADRs), and second, to identify therapeutic combinations that
present potential risks of toxicity or ineffectiveness of the drug therapy itself.

Keywords: CAM—complementary and alternative medicine; natural compounds; toxicity; CYP3A4;
interactions

1. Introduction

The attitude toward the use of natural or herbal compounds and, in general, the
use of CAM (Complementary and Alternative Medicine), has shown steady growth in
recent decades in the general population. The reasons motivating the use of herbal or
natural compounds are aimed at pursuing a state of greater well-being, improving personal
mood and happiness, and reducing the side effects of drug therapies prescribed for the
individual’s ongoing conditions at a given time [1].

The world of the Internet and, in general, the boundless availability of information ob-
tainable through computer systems and social media, certainly increase personal awareness
of illness and treatment, but they encourage self-decisions and push individuals toward
self-medication. These attitudes can generate inappropriate medical treatments (at best)
and the consequent worsening of the patient’s health status.
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Issues related to the safety and appropriateness of use of these natural products have
become more apparent in recent decades, as life expectancy has increased in general,
making it more likely that concomitant diseases will occur in the same individual, resulting
in adoption of “polypharmacy”, which can be defined as the use of multiple medications
to be taken on the same day [2]. There is no uniform consensus about the number of drugs
that define polypharmacy, but the most common definitions in the literature specify five
to six drugs for polypharmacy and more than ten drugs in the same day for “excessive
polypharmacy” [3,4].

In certain medical situations, such as emergency medicine, cardiac surgery, and on-
cology, polypharmacy is unavoidable [5]; for example, it is reported that the prevalence of
polypharmacy in adults with cancer is 90% [6].

Polypharmacy itself implies patient exposure to potential inappropriate medical pre-
scription (IMP) and risks of potential drug interactions (PDI) [7,8], which may occur at the
pharmacokinetic or pharmacodynamic level, as well as increased risks of adverse drug
reactions (ADRs); the potential risk increases significantly if natural compounds/CAM
products taken by patient are added to conventional drug therapy [9–11].

Hardly ever does the individual physician have the time and tools necessary to make
detailed assessment of each patient’s medication list to identify incompatibilities and IMP;
in addition, all health care systems in different countries adopt different ways of delivering
prescriptions and treatment services.

At the same time, however, patient care and counseling services have evolved, to
provide patients with services that, on the one hand, increase the patient’s self-awareness
about personal illness and ongoing therapy, and, on the other hand, help identify and
manage treatment-related adverse effects. In parallel, the therapeutic approach is becoming
increasingly “comprehensive” toward the patient, seeking to cover all aspects of patient
care and to better understand values, awareness, compliance, and ultimately, the real
therapeutic efficacy and benefit subjectively perceived by each patient.

In this context, of great importance is the activity defined as “Medication Review”
(MedRev), performed by hospital pharmacists. Medication Review is described by the
Pharmaceutical Care Network Europe as “a structured evaluation of a patient’s medicines
with the aim of optimizing medicines use and improving health outcomes. This entails
detecting drug related problems and recommending interventions” [12,13].

This activity consists of a detailed analysis of a patient’s prescription history and a
current list of medications taken, assessing potential interactions, incompatibilities, risks of
duplication, potential ADRs, and IMP; hospital pharmacists also assess the appropriateness
of dosages based on patients’ clinical characteristics (e.g., allergies) [14]. MedRev takes on
additional importance in the transitions of the same patient between different care settings
or between different hospital departments [15]. The activity is not regulated uniformly
among countries: for example, in the United Kingdom and the U.S.A., it is structured as
a service within pharmaceutical care or by public pharmacies [16,17]; in some European
countries, including Italy, it is freely organized at the regional level. MedRev can be a simple
interview with the patient and the reconciliation of his or her personal drug therapy, or it
can be structured with dedicated tools and algorithms [18]. A systematic review presenting
various tools and methods in oncology is reported by Whitman et al. [19]. Interestingly, it
can be implemented as part of research projects in Proactive Pharmacovigilance, or it can be
a service of normal clinical practice exercised by structured health care personnel [20,21].

At the Centro di Riferimento Oncologico of Aviano, an oncology research and care
institute in Italy, since 2015, we have created a counseling service at the Hospital Pharmacy,
called PCD, the Pharmacy Clinical Desk. Cancer patients can turn to this service and ask
for a comprehensive medication review, advice on their drug therapy, and assessments
on the compatibility between their medication and the natural products they take or plan
to take.

It is precisely through listening to and counseling patients that it has been possible to
highlight the widespread use of natural products, dietary supplements, and other products.
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Several reasons drive cancer patients to use these types of products, which can be
defined as CAM (Complementary and Alternative Medicine) products or NPs (Natural
Products), including dietary components, herbal products, homeopathic products (not
registered as drugs), nutraceuticals, and similar. First, the dramatic existential situation
in which patients diagnosed with cancer find themselves; second, the dissemination of
information through the mass media and related commercial pressures; in addition, the
exchange of communication through social media, often generated by non-experts in
the field, plays a significant role. Finally, there is also a real-world context of health
professionals and prescribers forcing the use of these products and not relying on evidence-
based efficacy data.

The risks associated with the use of these compounds concern the potential interactions
that occur, especially when they are used concurrently with chemotherapy, thus further
exacerbating the inherent risks of polypharmacy. The constituents (“active ingredients”)
of natural products are still chemical substances introduced into the body, thus subject to
metabolism, absorption, distribution and elimination. Very often, metabolic interaction (e.g.,
at the CYP3A4 level) within common pathways modifies and alters therapeutic efficacy or
causes toxicity to the patient. In addition, an inherent characteristic of anticancer drugs is
that they have a narrow therapeutic index, and consequently, small variations in absorption
or metabolism can cause harmful effects for the patient. Gathering reliable information
on the clinical utility of many NPs or CAM is very difficult, scattershot, and uneven; in
most cases, there is no opportunity to perform a structured search similar to that which
we set up for regular drugs. Innovative tools, such as the HDI Highlighter opensource
software, freely available on the Internet [22], can help expedite the identification of the text
portions of published scientific research, in which there are references to herbal components,
metabolic pathways, and interactions that may be clinically relevant [23]. Gougis et al.,
in their comprehensive review, provide us with a schematic summary of the possible
interactions (known to date) between herbs, drugs, and dietary supplements involving the
inhibition or induction of different cytochromes, along with a classification of the levels of
evidence that support this knowledge. For example, on a scale consisting of 5 levels, level 1
is supported by multiple clinical studies reporting the interaction, whereas if there are only
a few in vitro studies, the level of evidence assigned is 5 [24]. It should also be considered
that the effects of an isolated plant component may differ from those of a combination
product or a mixture in terms of the bioavailability of active ingredients and the resulting
pharmacological effects, and this has great relevance to the ultimate effectiveness of therapy,
especially to the cancer patient [25].

Herein we propose a study based on two case reports, evaluated at the PCD of the
CRO Aviano, Italy, including the analysis of molecular interactions and observed clinical
consequences. When adverse events are identified in individuals taking both drugs and
natural products, they are almost automatically attributed—by health care professionals—
to the conventional drugs themselves and rarely to the natural products; this happens
because of the habit and tradition of considering the natural compounds to be totally safe
or at least harmless. As a result, there is a marked under-reporting of adverse events
caused by natural products in the Phytovigilance system database [26]. The two clinical
cases described in this case report are an example of how a structured MedRev allows for
the detection of adverse reactions due to drug-natural compounds interactions or early
identification of situations that could lead to the discontinuation or ineffectiveness of cancer
therapy.

2. Detailed Case Description: Case Reports, Dietary Supplements, and Drug–Natural
Compound Interactions
2.1. Case Report 1

This clinical case concerns a 55-year-old woman with bilateral breast cancer with bone
metastasis, with an ER/PgR positive and HER2 negative biological profile. Since May
2019, the patient has been on first-line drug treatment with ribociclib and letrozole. The
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treatment schedule involves taking 600 mg/day of ribociclib from day 1 to 21, followed by
a 7-day break, according to a 28-day cycle, and 2.5 mg/day of letrozole continuously. On
12 October 2020, moderate neutropenia (0.85 × 103/µL) occurred, resulting in a reduction
in the dose of the suspect drug (ribociclib) from 600 mg/day to 400 mg/day, according to
the same pattern of therapy. After dose reduction, the patient exhibited mild hematologic
toxicity in subsequent cycles of therapy. The lowest neutrophil value found after dose
reduction was 1.23 × 103/µL. Beginning 1 July 2021, the patient started taking a dietary
supplement of diosmin, escin (or aescin), and resveratrol. Two months after starting the
supplement, on 8 September 2021, the patient again experienced moderate neutropenia
(0.83 × 103/µL). Due to serious ADRs, the supplement was discontinued permanently,
and ribociclib was temporarily suspended. After the resolution of the hematologic toxicity,
ribociclib was resumed at the same dosage taken previously, that is, 400 mg/day, according
to the same pattern of therapy. Following the resumption of ribociclib medication and the
discontinuation of the supplement, the patient again experienced neutropenia, but in a
mild form. The lowest value found for neutrophils after the resumption of the drug and
discontinuation of the supplement was 1.00 × 103/µL. All other values found were higher
than the one above.

2.1.1. Dietary Supplement and Natural Compounds

The dietary supplement was taken as a self-prescription by the patient to reduce
peripheral edema due to the antineoplastic drug (ribociclib) and contained diosmin, escin,
and resveratrol. Specifically, each tablet contained 300 mg diosmin, 200 mg escin, and
30 mg resveratrol. The product data sheet recommends taking one tablet daily. The
interview with the patient revealed that the supplement was being taken according to an
indication different from that stated in the data sheet. Specifically, the patient was taking
two tablets daily.

Diosmin is a natural compound that belongs to the class of flavonoids. In nature,
we find large concentrations of this flavonoid mainly in citrus fruits, particularly oranges,
grapefruits, and tangerines, as well as in some shrubs, such as Ruta graveolens and Barosma
betulina [27]. Flavonoids are anti-inflammatory plant compounds that protect the body
from free radicals.

Diosmin is mainly used in the treatment of hemorrhoids and leg sores caused by poor
blood circulation [28]. It is also claimed to be able to heal several diseases, although there is
no hard evidence to support these claims [29]. Diosmin is an excellent natural component
that can be used alone or in combination with other flavonoids or phytochemicals.

Escin is a mixture of saponins contained in the seeds, bark, and leaves of horse chest-
nut [30]. This natural compound is known for its anti-inflammatory and anti-edematous
properties, that make it useful in the treatment of chronic venous insufficiency. It also ex-
hibits protective action on blood vessels and venotonic activity [31]. Resveratrol is a natural
compound belonging to the group of stilbenoid polyphenols [32]. It is produced naturally
by different plants, such as vines, blackberries, peanuts, and cocoa, for protective purposes
against pathogens such as bacteria or fungi [33]. Resveratrol exerts anti-inflammatory
and antioxidant effects on the body, but its main biological potential is cardioprotection.
Figure 1, below, shows the structure of diosmin, escin and resveratrol.
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2.1.2. Antineoplastic Agents and CYP3A4 Metabolism

Ribociclib is mainly metabolized using CYP3A4 [34]. Therefore, medications that
can influence CYP3A4 enzyme activity may alter the pharmacokinetics of ribociclib [35].
Concomitant use of potent CYP3A4 inhibitors should be avoided. The use of concomi-
tant alternative drugs with lower CYP3A4 inhibitory capacity should be considered, and
patients should be monitored for ribociclib-related adverse reactions (AEs). No dose mod-
ification of ribociclib is necessary at the beginning of treatment with mild or moderate
CYP3A4 inhibitors [36].

In contrast, letrozole is a minor substrate of the enzyme CYP3A4. Co-administration
with cimetidine, a nonspecific weak inhibitor of CYP450 enzymes, did not affect plasma con-
centrations of letrozole. However, the effect of potent CYP450 inhibitors is not known [37].

2.1.3. Drug–Natural Compound Interactions: CYP3A4 Inhibition

The currently available data on CYP3A4 inhibition by diosmin are not completely
consistent. Although the summary of product characteristics for the diosmin formulation
indicates safe administration and no drug–drug interactions, there are several studies
indicating an interaction of diosmin with several cytochrome P450 (CYP) isoenzymes and
the drug transporter P-glycoprotein (P-gp) [38,39]. These results indicate that flavonoids,
particularly diosmin, have the potential to inhibit the CYP3A4 enzyme and interact with
other drugs and medications. A 2016 study showed that taking 500 mg/day of diosmin
during carbamazepine therapy was found to inhibit drug metabolism through inhibition of
the CYP3A4 enzyme [40]. Carbamazepine as well as the drug ribociclib represent major
substrates of CYP3A4. However, to date, the data are incomplete and rather conflicting,
complicating the assessment of the risk of natural drug–compound interactions when
consuming diosmin [41].

Horse chestnut seed extract (HCSE) derived from Aesculus hippocastanum was found
to inhibit CYP3A4 activity [42]. A rat study evaluated the effect of escin on the CYP450
enzyme in vivo. The results suggest that escin has an inhibitory action on CYP3A4, causing
a natural drug–compound interaction with the CYP3A4 substrate [43].

Resveratrol is a natural compound with potent CYP3A4 inhibitory action. The
ability of resveratrol to inhibit CYP3A4 both in vitro and in vivo has been well demon-
strated. Studies in rats have shown that oral intake of resveratrol in two different dosages
(2.5 or 10 mg/kg body weight) can inhibit CYP3A4 activity. The inhibition of the enzyme
resulted in an increase in the bioavailability of the drugs under study (diltiazem and
nicardipine)—hence the need for the dosage adjustment of therapies when taking resvera-
trol [44,45].

It has also been suggested that resveratrol may act as an irreversible, mechanism-based
inactivator of the CYP3A4 enzyme [46,47]. This mechanism-based inhibition occurs when
a CYP3A4 substrate/inhibitor forms a reactive intermediate in the active site of CYP3A4,
leading to the inactivation of the enzyme through heme or apoprotein modification [48].
Because resveratrol has low bioavailability, it appears that intestinal CYP enzymes are
predominantly inhibited by resveratrol. Therefore, resveratrol could impair the pharma-
cokinetics of some drugs, particularly those with a high intestinal first-pass effect, leading
to increased toxicity or decreased activity [49]. Therefore, administration in patients under-
going drug treatment should be studied in terms of possible interactions, especially with
drugs metabolized by the CYP3A4, CYP2C9, and CYP2D6 isoenzymes [50].

2.1.4. Actions Taken

The oncologist, after the onset of moderate neutropenia, requested advice from our
Pharmacy Clinical Desk (PCD) about possible interactions between the patient’s therapy
and the previously discussed supplement. Our evaluation revealed CYP3A4 inhibitory
properties by the three natural compounds in the supplement. This inhibition, as already
seen, could be responsible for an increased risk of exposure to the typical side effects
of ribociclib. It should also be noted that the patient was not only taking an ill-advised
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supplement in conjunction with drug therapy but also double the recommended dose,
thus exacerbating the risk of possible side effects. For this reason, the supplement was
permanently discontinued following our advice, as well as given the hematologic toxicity
developed by the patient.

After providing the assessment to the oncologist, the detected adverse reaction was
correctly reported to the Italian Phytovigilance system database through the VigiErbe
online portal [51]. In the report, the supplement taken by the patient was included as a
suspect, reporting the composition, the dosages of individual natural components, and the
mode of intake. In addition, ribociclib was included as a suspect drug because neutropenia
is a very common adverse drug reaction (≥1/10) [35]. The Italian National Institute of
Health, which carried out the causality evaluation of the form, defined the correlation
between the adverse reaction neutropenia and the natural substances considered suspect
as possible. In particular, it states that it cannot be excluded that the suspected product,
taken in conjunction with cancer therapy, had a modifying effect on the pharmacokinetics
of the drug ribociclib, thus contributing to the onset of neutropenia.

It can be concluded, therefore, that an assessment of possible drug–natural compound
interactions carried out before taking the supplement would have led us to advise against
taking the product with possible reduced exposure to side effects.

2.2. Case Report 2

This individual case concerns a 57-year-old woman with multiple infiltrating ductal
carcinoma of the left breast, associated with foci of high-grade intraductal carcinoma and
ER/PgR positive biological profile. Since May 2022, the patient has been on drug treatment
with paclitaxel and trastuzumab. The treatment schedule includes a weekly infusion of
80 mg/mq of paclitaxel and trastuzumab, according to a 21-day cycle. As of 26 July 2022,
the patient continued therapy with only trastuzumab q21.

2.2.1. Dietary Supplement and Natural Compounds

The patient presented to the Pharmacy Clinical Desk to request an evaluation of a
self-prescribed supplement to reduce chemotherapy stress. The supplement contained 31 g
of mother tincture of St. John’s Wort (Hypericum perforatum) and 31 g of mother tincture of
lemon balm (Melissa officinalis L.). The product data sheet recommended taking 15 drops
three times a day.

St. John’s Wort is a yellow-flowered plant that has been used in traditional European
medicine since the ancient Greeks [52]. St. John’s Wort contains dozens of biologically
active substances, although the greatest medicinal activity is related to the presence of
hypericin (a naphthodanthrone) and hyperforin (a lipophilic Phloroglucinol). Other com-
pounds, including the flavonoids rutin, quercetin, and kaempferol, also appear to have
medicinal activity [53]. In mild and moderate depression, St. John’s Wort has shown
greater efficacy than placebo and equal efficacy to standard antidepressant drugs. There
are no data, however, to support its use for severe depression and for periods longer than
12 weeks [54]. Studies have also been conducted to test the efficacy of St. John’s Wort
concerning pathological conditions other than depression. For chronic hepatitis C virus
(HCV) infection, HIV infection, and social anxiety disorder the evidence to date suggests
that St. John’s Wort is not useful. It might, however, be useful in treating menopausal
symptoms, wound healing, and somatic symptom disorders. However, the data to date are
inconsistent to establish this with certainty [55]. Commercially, St. John’s Wort is available
as a formulation for herbal teas, tablets, mother tinctures, and topical preparations. Figure 2,
below, shows the structure of hypericin and hyperforin.
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Melissa officinalis L. is a medicinal plant traditionally used in various ethno-medical
systems, particularly in Traditional European Medicine and Traditional Iranian Medicine
for the treatment of various diseases. It is also widely used as a vegetable and to flavor
dishes [56]. Biological studies have shown that essential oil and extracts of lemon balm
have natural components capable of determining pharmacological effects with potential
clinical uses. The main active constituents of lemon balm include volatile compounds
(geranial, neral, citronellal, and geraniol), triterpenes (ursolic acid and oleanolic acid), phe-
nolic acids (rosmarinic acid, caffeic acid, and chlorogenic acid), and flavonoids (quercetin,
rhamnocitrin, and luteolin) [57]. The use of lemon balm leaves for symptoms related to
mild stress, insomnia, and mild digestive disorders is based on the traditional use of the
plant. Although, however, there is insufficient evidence to support its efficacy in these
clinical settings, its effectiveness seems plausible. Lemon balm has been used for these
issues for at least 15 years within the EU as the intended uses do not require medical
consultation [58].

2.2.2. Antineoplastic Agents and CYP3A4 Metabolism

Paclitaxel is mainly metabolized by CYP2C8 and CYP3A4 [59]. The concomitant
administration of paclitaxel with drugs known to induce both CYP2C8 and CYP3A4 is
not recommended because efficacy may be compromised due to reduced exposure to
paclitaxel [60].

2.2.3. Drug–Natural Compound Interactions: CYP3A4 Inhibition

St. John’s Wort is known to induce the hepatic cytochrome P450 enzyme system.
Specifically, this plant induces the expression of an isoform of the P450 enzyme system
known as CYP3A4 [61]. This enzymatic cascade is harnessed by the body to break down a
range of drugs and toxins. More than half of currently used chemotherapeutic agents are
metabolized by the cytochrome system. Antineoplastic agents that undergo metabolism
by the liver mediated by the P450 system include vinca alkaloids and the drugs etoposide,
teniposide, anthracycline, paclitaxel, docetaxel, and tamoxifen [62]. In vitro and in vivo
studies have demonstrated the herb–drug interaction potential of St. John’s Wort. Therefore,
the concomitant intake of St. John’s Wort with several CYP substrates has been studied
in humans. Some clinical cases have shown a significant herb–drug interaction between
St. John’s Wort and prescription drugs [63]. Specifically, St. John’s Wort alters the phar-
macokinetics of several CYP3A4 and P-gp substrates, including omeprazole, simvastatin,
cyclosporine, indinavir, verapamil, and tacrolimus [64]. Furthermore, from research on the
use of St. John’s Wort for depression and its interactions with drugs, it has been clearly
shown that it can interact dangerously, sometimes lethally, with various substrates [65].
In contrast, no pharmacokinetic alterations from lemon balm involving CYP3A4 have
emerged from the available scientific literature.
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2.2.4. Actions Taken

The PCD evaluation revealed a relevant clinical interaction between paclitaxel and the
subject supplement. Specifically, St. John’s Wort appears to be a natural component with
strong inductive activity on the enzyme CYP3A4, of which paclitaxel is a substrate. This
could, therefore, result in reduced therapeutic efficacy of paclitaxel. For this reason, taking
the supplement was not recommended. In contrast, no interactions with lemon balm were
found. Fortunately, the patient approached the service before taking the supplement. This
limited the potential risk of reduced drug activity.

3. Discussion

The two cases analyzed in this study report the possible lack of efficacy of antineoplas-
tic therapy or the occurrence of ADRs (adverse drug reactions). In particular, interactions
related to the self-administration of dietary supplements or natural compounds, to mitigate
some of the common adverse effects of chemotherapy, have emerged [66]. In both cases,
these were natural drug–compound interactions but only in the first case presented had
the patient already taken the natural compound that led to the onset of the adverse effect.
In the other case, however, the evaluation was carried out before taking the supplement,
thus limiting the potential reduction in drug activity. Specifically, the two interactions
noted and reported involved oncology drug metabolism and, specifically, CYP3A4 in-
hibition or induction. Briefly, the natural drug–compound interactions identified are as
follows: (1) inhibitory action of diosmin, escin, and resveratrol on CYP3A4 resulting in
increased plasma concentrations of the antineoplastic agent and increased risk of exposure
to ADRs; (2) the enzymatic induction of St. John’s Wort on CYP3A4, resulting in the
reduced pharmacological action of paclitaxel.

Specifically, cytochromes P450 (CYP) are a superfamily of enzymes that catalyze a
wide range of substrates [67]. CYP3A4 is one of the major cytochrome P450s. In fact, of all
the CYP enzymes, CYP3A4 is the most important and the most abundant in both the liver
and the intestinal tract [68]. It catalyzes a wide range of substrates and is responsible for
the oxidation of more than 50% of commonly used drugs. Table 1, below, shows a partial
list of CYP3A4 substrates [69]. CYP3A4 inhibition can be of two types: reversible and
irreversible. The latter involves the inactivation of the enzyme through the formation of
metabolic intermediates that irreversibly bind to and inactivate the enzyme. The clinical
effects of an irreversible inhibitor are more pronounced after multiple drug administration
and last longer than those of a reversible inhibitor [70]. CYP3A4 inhibition may lead to
toxicities and interactions. In some cases, however, CYP3A4 inactivation may be beneficial
because it may improve the therapeutic efficacy of rapidly metabolized drugs by increasing
their plasma levels [71]. Unlike inhibition, induction occurs more slowly. It also takes
longer for induction to stop affecting drug metabolism. For example, the induction of
CYP3A4 by rifampin takes about six days to develop and eleven days to disappear [72].
Induction normally results in a decrease in drug effect. However, it can lead to increased
toxicity if the increased metabolism of the main compound is accompanied by increased
exposure to a toxic metabolite [73]. In Figure 3 below, Drug 1 is metabolized by CYP3A4.
However, if the patient starts taking another drug that is a CYP3A4 inducer, the increase
in the amount of CYP3A4 will likely lead to an increase in CYP3A4 activity and Drug 1
metabolism. This will cause a reduction in drug exposure and thus a reduction in efficacy,
as shown in Figure 3 below. Table 1, below, also shows a partial list of CYP3A4 inhibitors
and inducers.
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Table 1. Partial list of inhibitors, inducers, and substrates of CYP3A4.

Types Example of Agents

Inhibitors

escin (Aesculus hippocastanum), amiodarone, azole antifungals,
bergamottin, bile acids, chamomile (Matricaria chamomilla L.), cimetidine,

curcumin (Curcuma longa L.), cyclosporin, diltiazem.
Fluoroquinolone antibiotics, green tea (Camellia sinensis), macrolide

antibiotics, peppermint oil (Menta x piperita L.), pomegranate juice (citrus x
paradisi), protease inhibitors,

resveratrol

Strong inducers
carbamazepine, common valerian (Valeriana officinalis), Hyperforin

(Hypericum perforatum), glucocorticoids, phenobarbital,
phenytoin, rifampicin

Substrates

alfentanyl, amiodarone, antihistamines, azole antifungal, amprenavir,
benzodiazepines, calcium channel blockers, carbamazepine, codeine,

cyclosporine, cyclophosphamide, erythromycin, estradiol, exemestane,
HMG-CoA reductase inhibitors, hydrocortisone, imatinib, lidocaine,

midazolam, ribociclib, ritonavir, sirolimus, tacrolimus, tamoxifen,
testosterone, tricyclic antidepressants
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4. Conclusions

There is a strong push for the use of alternative and complementary substances by
cancer patients. Self-medication is favored by easy access to information in the age of
the internet and social media. However, there is no corresponding awareness, even on
the part of healthcare professionals, about the risks involved in the free and uncontrolled
intake of such products. These risks not only compromise therapeutic efficacy, which is
essential in cancer treatment but also expose patients to the potential risk of developing
toxicity and adverse drug reactions. This risk should be associated with the tendency of
physicians to underestimate the relevance of adverse reactions, and for this reason, there is
a strong underreporting of individual cases in Pharmacovigilance international reporting
systems [66]. In addition, an oncologist does not usually have time to listen in detail to
the patient’s narrative, who sometimes trusts a pharmacist more easily. This is why we
consider the PCD counseling experience at the Aviano CRO an innovative proposal.

It is an extremely impactful tool for clinical practice, as a specific control toward
risks from drug combinations with natural and alternative substances (CAM) taken by
patients. The two clinical cases presented were identified during a recent local monitor-
ing study of PCD activity at the Aviano CRO (data under review and submission) that
included 275 patients, with follow-up and monitoring for 24 months (2019–2022). A total
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of 150 adverse drug reactions were detected, registered in the Italian Pharmacovigilance
reporting system (AIFA), and 762 near-misses were detected, resulting from drug–drug
interactions (87%), inappropriate use of drugs (7.9%), inappropriate prescription (4.4%),
and incorrect doses (0.7%); five additional adverse reactions, directly resulting from nat-
ural products, were detected and recorded in the Italian Phytovigilance system database
(VigiErbe). The re-evaluation of therapy, including drug modification/suspension and
monitoring over time, was applied after medical consultation. In all cases, clinicians were
always informed, so that treatment choices or the actual modification of therapy were
handled appropriately by the clinician himself, ensuring patient information and empow-
erment. Evaluating the composition of the supplement and the presence of any natural
drug–compound interactions before intake may reduce the risk of reduced drug efficacy or
increased risk of exposure to adverse events. In this way, the patient’s health and course of
treatment can be protected, reducing the possible risks associated with taking supplements
or natural compounds. Thus, the benefit is evident not only to the patient in furthering the
effectiveness of treatment but also to the physician in being able to intervene and adjust the
treatment while minimizing the risks of toxicity.
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