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Abstract

Cancer is becoming more prevalent in elderly patient. Due to polypharmacy, older adults with cancer are predisposed to drug-
drug interactions. There is also an increasing interest in the use of complementary and alternative medicine (CAM). Thirty
to seventy percent of patients with cancer have used CAM. Through pharmaceutical counseling sessions, we can provide
advices on herb—drug interactions (HDI). All the patients seen in pharmaceutical counseling sessions were prospectively
included. Information was collected during these sessions: prescribed medication (oral anticancer agents (OAA) and other
drugs), CAM (phytotherapy especially), and use of over-the-counter (OTC) drugs. If pharmacist considered an interaction or
an intervention clinically relevant, the oncologist was notified. Then, a literature review was realized to identify the potential
HDI (no interactions, precautions for use, contraindication). Among 201 pharmacist counseling sessions, it resulted in 104
interventions related to 46 HDI, 28 drug-drug interactions and 30 others (wrong dosage, omission...). To determine HDI,
we review 73 medicinal plants which are used by our patients with cancer and 31 OAA. A total of 1829 recommendations
were formulated about 59 (75%) medical plants and their interaction with an OAA. Herb—drug interactions should not be
ignored by healthcare providers in their management of cancer patients in daily practice.
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Introduction

Tatrogenic complications are frequent in elderly patients
(aged 65 years or older) because of the increased number
of comorbidities, resulting in a larger number of prescribed
drugs (polypharmacy) [1]. Thus, older adults with chronic
disease, especially with cancer, are predisposed to drug-
drug interactions. Recent studies suggest that the risk of
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drug-drug interaction is common, in particular since the
advent of oral anticancer agents (OAA) (i.e., oral antineo-
plastic agents such as hormonotherapy and chemotherapy—
and targeted therapy) [2—-6].

Drug-drug interactions are either pharmacokinetic or
pharmacodynamic [7-9]. Most pharmacokinetic interactions
may result from inhibition or induction of cytochrome P450
(CYP) enzymes, or from transport proteins [for instance:
Uridine diphosphate-glucuronosyltransferase (UGT), P-gly-
coprotein (P-gp), Breast Cancer Resistance Protein (BCRP)]
[10-12]. They can increase or decrease the exposure of the
OAA and cause adverse events or treatment failure. Most
OAA, and especially targeted therapies, are metabolized
by the liver and are greater risks of drug-drug interactions
[13]. Thus, interactions between targeted therapies and other
prescribed and over-the-counter medicines, complementary
medicines and food can affect the efficacy and safety of both,
the targeted therapy and the other therapy. It is important to
fully assess the potential interactions when a patient starts
a therapeutic regimen, or when any new drugs are given.
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Nevertheless, to our knowledge there is no referential which
permits a quick analysis of HDI with OAA.

Complementary and alternative medicines (CAM) is
defined by the World Health Organization as healthcare
practices that are not part of a given country’s own tradi-
tions, nor have they become integrated into its mainstream
healthcare system [14]. More and more patients with a diag-
nosis of cancer, between 30 and 70%, are using CAM during
chemotherapy [15-20]. CAM are used for treating cancer
or other diseases or symptoms, without taking into account
the risk of HDI. However, interactions between CAM and
conventional drugs are numerous [7, 20-23]. For instance,
in a recent study, nearly 400 healthcare professionals in the
Middle East identified the use of 44 herbs, and 15 have HDI
with intravenous antineoplastic agents [24].

Along with the growing use of OAA, and especially tar-
geted therapies, the potential problem of interactions with
other medicinal products as well as other forms of inter-
action needs to be taken into account in patient manage-
ment. Providing clear and appropriate drug instructions is
an important new challenge for OAA.

Pharmacists are key members of a multidisciplinary team
and readily accessible to patients, both in the community
and in hospital settings. So, they play a significant role in
managing these cancer patients due to their expertise and
knowledge of medicines [25]. Community and clinical phar-
macists are required to provide specific drug instructions
and supportive care counseling about the prevention and
treatment-related adverse events. Community and hospital
pharmacists can therefore make a significant contribution
to reducing the risk of interactions and optimize patients’
treatment [26-28].

In this context, the aim of this study was to systematically
identify and review published herb—drug interaction related
articles based on potential HDI with OAA identified in daily
practice. The first part of this work assessed the interest of
pharmacist counseling sessions in a prospective cohort of
patients receiving OAA; the second part is a systematic lit-
erature review on HDI.

Methods
Pharmaceutical interventions in daily practice

All consecutive patients treated in a University hospital with
a first prescription of OAA and pharmacist counseling ses-
sions between the January 1, 2016, and the June 30, 2017,
were prospectively included in the analysis.

During pharmacist counseling sessions, the new treatment
and potential drug-drug interactions or HDI were explained
to the patients. This included other prescribed drugs for can-
cer or comorbidities. Pharmacist counseling sessions focus
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on OAA for solid tumors: breast cancer (capecitabine, cyclo-
phosphamide, etoposide, everolimus, lapatinib, palbociclib,
vinorelbine), kidney cancer (axitinib, cabozantinib, everoli-
mus, pazopanib, sunitinib), colon, rectal and gastrointestinal
cancer (imatinib, capecitabine, regorafenib), ovary cancer
(cyclophosphamide, olaparib), prostate cancer (abiraterone,
enzalutamide), lung cancer (afatinib, crizotinib, etoposide,
vinorelbine, erlotinib, gefitinib, lomustine, osimertinib),
thyroid cancer (lenvatinib, vandetanib), skin cancer (cobi-
metinib, dabrafenib, lomustine, trametinib, vemurafenib, vis-
modegib), liver cancer (everolimus, regorafenib, sorafenib)
and brain cancer (lomustine, temozolomide).

For each patient with pharmaceutical counseling ses-
sions, relevant information was collected prospectively:
sociodemographic data, cancer type, OAA starting date,
ambulatory treatment, self-medication, use of CAM and its
name. A leaflet concerning the new cancer treatment was
explained and given to the patient during this pharmacist
counseling session. It included general information on avail-
ability, retention of treatment, how it is taken, side effects
and advices on its use. A thorough search for possible inter-
actions was then carried out by the pharmacist: interactions
between the anticancer agent and the drugs delivered in out-
patient care or interactions between the anticancer agent and
CAM, including herbal medicine. This search consisted of a
systematic review in Pubmed. The interactions and pharma-
ceutical interventions were collected [29].

Following this analysis, the pharmacist contacted the
oncologist to inform for a potential interaction, if it was
clinically relevant. The oncologist could decide to consult
the patient again to inform him of the potential risk. Thus,
when a plant is not recommended, pharmacists preferred
to indicate that it was forbidden. When a plant could bring
about an interaction with an anticancer drug, the association
should be avoided.

A review of the pharmacist counseling sessions is avail-
able on the patient’s computerized oncology record (DCC®).
This report was also sent to the ambulatory doctor and com-
munity pharmacist.

Literature review

After identification of potential HDI, relevant articles were
selected from the Micromedex database and MEDLINE
without any chronological restrictions (deadline November
2018) in French and English. The search terms (referenced as
MeSH terms) were: the medicinal plants mentioned by our
patients during interviews (English and Latin denominations
were both used) OR “herb—drug interaction” OR “Phyto-
therapy” AND “Cytochrom” OR “Transporter” AND “Anti-
neoplastic” OR “Abiraterone” OR “Afatinib” OR “Axitinib”
OR “Cabozantinib” OR “Capecitabine” OR “Cobimetinib”
OR “Crizotinib” OR “Cyclophosphamide” OR “Dabrafenib”
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OR “Enzalutamide” OR “Erlotinib” OR “Etoposide” OR
“Everolimus” OR “Gefinitib” OR “Imatinib” OR “Lapat-
inib” OR “Lenvatinib” OR “Lomustine” OR “Olaparib”
OR “Osimertinib” OR “Palbociclib” OR “Pazopanib” OR
“Regorafenib” OR “Sorafenib” OR ““Sunitinib” OR “Temo-
zolomide” OR “Trametinib” OR “Vandetanib” OR “Vemu-
rafenib” OR “Vinorelbine” OR “Vismodegib”. The articles
were selected based on title and summary content.

Additional publications were identified by checking all
reference lists of selected articles. Furthermore, previous
reviews dealing with HDI were also investigated for further
relevant information.

The chosen articles were screened and analyzed by one
reviewer (ALC) and checked by a second reviewer (MBJ) to
determine whether or not a given article was both relevant
and interesting. A consensus was found in the case of disa-
greements between the two reviewers. The main reason for
excluding an article was recorded.

For every OAA, its pharmacokinetics was explained
(inducer, inhibitor or substrate of cytochrome, trans-
porter...). Then, a double entry table summarized HDI.
Three risk level of each association between plants and OAA
were determined: level 1 (no interaction), level 2 [precaution
for use: same interaction (Oral anticancer agent and plant
inhibit or induce the same CYP or transporter)] and level 3
(interaction or toxicity described in literature).

Statistical analysis

Continuous variables were described by mean standard devi-
ation and median (range), and qualitative variables by size
and percentage. Chi square test was performed to compare
the populations and was significant at a threshold of 5% (P
value). Statistical analyses were performed by Excel®.

Results
Pharmaceutical interventions in daily practice

From the January 1, 2016, to the June 30, 2017, 201 phar-
macist counseling sessions were carried out. One hundred
and eighty-eight patients had at least one initial pharma-
cist counseling session (Table 1). Thirteen patients had two
pharmacist counseling sessions. Twenty-seven percent of
patients took at least one CAM, in addition to their antican-
cer treatment. For 19.0% of them, the CAMs used included
at least one plant.

Pharmaceutical interventions concerned 31.3% of phar-
maceutical counseling sessions (n=63) (Fig. 1). In total, 104
pharmaceutical interventions were performed. Twenty-eight
were drug-drug interactions and 46 HDI. Thirty were related
to over- or underdosage or omission of supportive drugs.

Table 1 Characteristics of patients with oral anticancer agents and
pharmaceutical counseling sessions

n=201 %
Patient number (n, %) 188
Male 77 41.0
Female 111 59.0
Age (years) 66.4 (54.0-78.8)
Cancer (n, %)
Breast cancer 59 31.4
Kidney cancer 35 18.6
Prostate cancer 17 9
Lung cancer 14 7.4
Brain cancer 14 7.4
Skin cancer 11 5.8
Bone cancer 10 53
Colon cancer 7 3.7
Others (pancreatic, ovarian, etc.) 21 11.2
No. of drugs used per patient 7 (1-18)
Including
Anticancer agent 1 (0-3)
Supportive drugs 2 (0-8)
Drugs for comorbidities 3 (0-13)
CAM 2 (0-14)
Including herbs 2 (0-15)

CAM complementary and alternative medicines, No number

Thirty-one OAA and 73 plants were identified and stud-
ied. All the HDI concerned the OAA and were based on
systematic review. The rate of herb—OAA interaction is 15%:
29 prescriptions for 188 patients receiving pharmaceutical
counseling. Twenty-six herbs had an interaction with 11
OAA (Abiraterone, afatinib, capecitabine, enzalutamide,
erlotinib, everolimus, gefitinib, palbociclib, pazopanib,
sorafenib, sunitinib) (Table 2). Thirteen plants were found at
least twice: corossol, turmeric, thyme, verbena, peppermint,
red yeast rice, fermented wheat germ extract, grape seed,
German chamomile, gingko, pineapple, hibiscus.

Literature review

The literature search identified 319 articles, among which 27
were duplicates and 131 were excluded after screening and
analysis of titles and abstracts because they did not match the
eligibility criteria. A total of 161 were eligible for system-
atic review. One hundred and forty-eight additional publica-
tions were identified by checking all articles’ bibliographies.
Ninety-eight publications were involved with OAA; 110
with pharmacokinetic of plants, 3 with herb—OAA interac-
tions and 28 were literature review.

The metabolism and the transport of OAA were synthe-
tized in Tables 3, 4 [30-149].

@ Springer
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Fig.1 Complementary and alternative medicines use and pharmaceutical interventions. CAM Complementary and alternative medicines, P/
Pharmaceutical intervention

Table 2 Herb—drug interactions in patients with oral anticancer agents and pharmaceutical counseling sessions

Oral antineoplastic agent  Plant

Contraindications: increase in antineoplastic agent con- Capecitabine Cannabis, German chamomile, grape seed, ginkgo, milk
centrations thistle, red yeast rice
Erlotinib Hibiscus, red yeast rice, thyme
Everolimus Red yeast rice, valerian
Gefitinib Aloe vera, dandelion, ginkgo, hibiscus, peppermint
Palbociclib Curcumin, mistletoe, peppermint, rosemary, thyme,
verbena
Pazopanib Aloe vera, German chamomile, mistletoe
Sorafenib Grape seed
Sunitinib Aloe vera, hawthorn, thyme, verbena
Contraindications: decrease in antineoplastic agent con-  Everolimus Hawthorn
centrations Gefitinib Caraway seed
Precaution for use: same pharmacokinetic (OAA and Abiraterone Verbena
plants inhibit or induce the same CYP or transporter) Afatinib Pineapple
Capecitabine Curcumin, Echinacea
Enzalutamide Curcumin, dandelion, pineapple
Erlotinib Salpan
Palbociclib Corossol
Precaution for use: decrease of antineoplastic agent Erlotinib Fermented wheat germ extract, Psyllium
concentrations Everolimus Fermented wheat germ extract
Gefitinib Sweet cumin
Sorafenib Fermented wheat germ extract
Precaution for use: same side effects Erlotinib Psyllium, red yeast rice

CYP Cytochrome P450, OAA oral anticancer agent
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Table 3 Enzymatic metabolism involved in oral anticancer agents

CYP/UGT/SULT
Substrate Inducer Inhibitor
Bibliography in vivo in vitro in vivo in vitro in vivo in vitro
ABIRATERONE [30-33] CYP3A4 (inducer - - - CYP2D6 -
only) CYP2C8
AFATINIB [30, 34-39] (CYP3A4) - - - - (CYPIA2)
(CYP2B6)
(CYP2CS)
(CYP2C9)
(CYP2CI19)
(CYP2D6)
(CYP3A4)
(UGT2B7)
AXITINIB* [30, 40-43] - CYP3A4 - - - -
CYP3AS
(CYPIA2)
(CYP2CI19)
(UGTIAI)
CABOZANTINIB  [30, 44-46] CYP3A4 (CYP2C9) - - - -
CAPECITABINE [30, 47] CYP2C9 - - - CYP2C9 (CYPIA2)
DPD (CYP3A4)
(CYP2D6)
COBIMETINIB [30, 48-50] CYP3A - - CYP1A2 - -
UGT2B7
CRIZOTINIB [30, 51-57] - CYP3A4 - CYP2B6 (PXR) CYP3A4 CYP3A4
CYP3A5 CYP2C8 (PXR) CYP2B6 CYP2B6
CYP2C9 (PXR) (UGTIAI)
UGT1ALl (PXR) (UGT2B7)
CYCLOPHOSPHA- [30, 58-61] - CYP2A6 - - - -
MIDE CYP2B6
CYP3A4
CYP3AS
CYP2C9
CYP2CI18
CYP2C19
DABRAFENIB [30, 62-64] CYP2CS8 - CYP2C8 CYP3A - CYP3A4
CYP3A4 CYP2C9 CYP2B6 (CYP2C9)
CYP2C19 UGT
ENZALUTAMIDE (30, 65-67] CYP2CS8 (inhibitor ~ — CYP3A (CYPIAI) - -
only) UGTI1A1 (CYPIA2)
(CYP3A4) (CYP2B6) (CYP3A5)
(CYP3AS5) (CYP2C9) (UGT1A3)
(CYP2C19) (UGTIA9)
ERLOTINIB [30, 68-71] CYP3A4 CYP3AS - - - CYPIALl
(CYPIA2) UGT1A1
(CYPIAI) CYP2C8
(CYPIBI) (CYP3A4)
ETOPOSIDE [30, 72, 73] CYP3A4 - - CYP3A4 - -
CYP2C9
EVEROLIMUS [12, 30, 74-78] - CYP3A4 - - - CYP3A4
CYP3A5 CYP2D6
(CYP2CS)
GEFITINIB [30, 57,70, 79-83] - CYP3A4 - - - (CYP2D6)
CYP3AS
CYPI1Al
CYP2D6
IMATINIB* [30, 65, 84-90] - CYP3A4 - - - CYP2C9
CYP3A5 CYP3A4
CYP2CS (auto CYP3A5
inhibition) (CYP2D6)
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Table 3 (continued)

CYP/UGT/SULT
Substrate Inducer Inhibitor
Bibliography in vivo in vitro in vivo in vitro in vivo in vitro
LAPATINIB?* [30, 91-95] - CYP3A4 - - - CYP3A
CYP3AS5 CYP2CS8
(CYP2C19)
(CYP2CS)
LENVATINIB [30, 96, 97] - (CYP3A4) - - - -
LOMUSTINE [30] - - - - (CYP3A4) -
OLAPARIB [30, 98-100] CYP3A4 - - (CYP3A) - (CYP3A4)
CYP3AS (CYPIA2) (CYP3AS5)
CYP2B6)
(CYP2C9)
(CYP2CI19)
OSIMERTINIB [30, 101-105] - CYP3A4 - - - -
(inducer only)
CYP3AS5
PALBOCICLIB [30, 106-108] CYP3A - - - CYP3A -
SULT2A1
PAZOPANIB* [30, 109-114] CYP3A4 - - - - CYP1A2
(CYPIA2) CYP3A4
(CYP2CS8) CYP2B6
CYP2D6
CYP2C8
CYP2C9
CYP2C19
CYP2E1
UGTI1Al
REGORAFENIB [30, 115-119] - CYP3A4 - - - UGTI1A1
(UGTIA9) UGT1A9
SORAFENIB [30, 87, 120-122] - CYP3A4 - - - (CYP2B6)
(inducer only) (CYP2CS8)
UGT1A9 (CYP2C9)
UGTI1Al
UGTI1A9
SUNITINIB? [30, 79, 111, - CYP3A4 - - - CYP3A4
123-126] CYPI1A2
TEMOZOLOMIDE [30, 127] - - - - - -
TRAMETINIB [30, 128-130] - - - - - -
VANDETANIB [30, 114, 131-135] - CYP3A4 - - - -
(inducer only)
FMO1
FMO3
VEMURAFENIB [30, 136-139] - CYP3A4 - CYP3A4 - CYP1A2
UGT CYP2B6
CYP2C8
VINORELBINE [30, 140-147] - CYP3A4 - - - -
VISMODEGIB [30, 148, 149] - CYP3A4 - - - -

(inducer only)

Strong-Moderate-Major/(Weakly)-(Minor)

BCRP Breast cancer resistance protein, CYP Cytochrom P450, DPD Dihydropyrimidine dehydrogenase, MATE Multi-antimicrobial extrusion protein,
MRP Multidrug resistance-associated protein, OAT Organic anion transporter, OATP Organic-anion-transporting polypeptide, OCT Organic cation trans-
port, P-gp P-glycoprotein, UGT Uridine diphosphate-glucuronosyltransferase

“Discrepancies between studies
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Table 4 Transporters involved in oral anticancer agents

Bibliography

Transporter

Substrate

in vivo

in vitro

Inducer

Inhibitor

in vivo

in vitro

in vivo

in vitro

ABIRATERONE
AFATINIB

AXITINIB?

CABOZANTINIB
CAPECITABINE
COBIMETINIB

CRIZOTINIB

CYCLOPHOSPHAMIDE

DABRAFENIB

ENZALUTAMIDE

ERLOTINIB
ETOPOSIDE
EVEROLIMUS

GEFITINIB

IMATINIB*

LAPATINIB?

LENVATINIB

LOMUSTINE

[30-33]
[30, 34-39]

[30, 40-43]

[30, 44—46]
[30, 47]
[30, 48-50]

[30, 51-57]

[30, 58-61]
[30, 62-64]

[30, 65-67]

[30, 68-71]
[30, 72, 73]
[12, 30, 74-78]

[30, 57, 70, 79-83]

[30, 65, 84-90]

[30, 91-95]

[30, 96, 97]

(30]

(P-gp)
(BCRP)

P-gp
BCRP

MRP2

P-gp

MDR

MRP2

P-gp
MRP2
BCRP
OATP1B1

P-gp

(OATPIB3)

BCRP
OATP1B1
OATP1B3

OATPIB1
(P-gp)
BCRP
(OATPIBI)
(OATPIB3)
(OATI)
(OAT3)
(OCT2)
(P-gp)
(BCRP)
P-gp

(OATPIBI)
(OTAPIB3)
(OCT1)
(BCRP)
P-gp

OCT1
OCT2
MATE 1

(OATI)
(OAT3)
((0CT2)
(OATP4CI)
P-gp
(BCRP)
(OAT3)
(OCTI)
(MRP2)
(OATP)

(P-gp)
(BCRP)
OATIB1
OATP2B1
OCT2
MATE 1
(OATPA4CI)
(BCRP)

(OATP4CI)
MATE1
OCT2

P-gp
(BCRP)
(OATPIBI)

@ Springer
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Table 4 (continued)

Transporter

Substrate Inducer Inhibitor

Bibliography in vivo in vitro in vivo in vitro in vivo in vitro

OLAPARIB [30, 98-100] - P-gp - (P-gp)

P-gp
(BCRP)
(OATPIBI)
(OCTI)
(OCT2)
(OCT3)
(MATE 1)
(MATE 2K)
OSIMERTINIB [30, 101-105] - - - - - BCRP
P-gp
PALBOCICLIB [30, 106-108] - - - - - P-gp
BCRP
OCT2
(OCT1)
(OAT3)
OATPIBI)
(OATPIB3)
(BSEP)
PAZOPANIB? [30, 109—114] - P-gp - - - OATPIB
BCRP MATE 1
OCT 1 P-gp
OCT 2
MAT2K

REGORAFENIB [30, 115-119] - P-gp - - - BCRP
BCRP P-gp
(metabolites)
MRP20OATP1B1

SORAFENIB [30, 87, 120-122] - OATP1B1 - - - P-gp
OATP1B3 OCT2

SUNITINIB? [30,79, 111, 123-126] BCRP  (P-gp) - - - MATE 1

TEMOZOLOMIDE [30, 127] - - - - - _
TRAMETINIB [30, 128-130] P-gp BCRP - - - BCRP

VANDETANIB [30, 114, 131-135] - P-gp - - - P-gp

OATP1B3

VEMURAFENIB [30, 136-139] - P-gp - - - P-gp
BCRP BCRP

VINORELBINE [30, 140-147] - (P-gp) - - -

VISMODEGIB [30, 148, 149] - - - - - BCRP
OATP1B1

Strong-Moderate-Major/(Weakly)-(Minor)

BCRP Breast cancer resistance protein, CYP Cytochrom P450, DPD Dihydropyrimidine dehydrogenase, MATE Multi-antimicrobial extrusion
protein, MRP Multidrug resistance-associated protein, OAT Organic anion transporter, OATP Organic-anion-transporting polypeptide, OCT
Organic cation transport, P-gp P-glycoprotein, UGT Uridine diphosphate-glucuronosyltransferase

“Discrepancies between studies

According to the systematic review, the Supplementary A total of 1829 recommendations were formulated about
material presents the matches between 73 medicinal plants 59 (81.9%) medical plants and their interaction with an OAA
and 31 OAA [20-23, 73, 74, 150-276]. (double entry table available in supplementary material). For

18.1 percent of them (n=13), no publications were found:

@ Springer



Medical Oncology (2019) 36:45

Page90f18 45

Acerola (Malpighia sp.); Albizia (Albizia sp.); Black hore-
hound (Ballota nigra); Blackcurrant (Ribes nigrum); Chae-
nomeles Fruit (Chaenomelis sp.); Lemon balm (Melissa
officinalis); Linden (Tilia vulgaris); Oats (Avena sativa);
Plantago (Plantago asiatica L.); Prickly pear (Ficus carica);
Rauwolfia (Rauvolfia sp.); Szechuan lovage (Ligusticum
wallichii); White dead nettle (Lamium album); Witch hazel
(Hamamelis Virginia).

Almost every medicinal plant interacts with at least one
OAA, except Meadowsweet (Filipendula ulmaria) and Afri-
can plum tree (Pygeum africanum) [150].

Gentianae sp. had interactions with CYP450, but no
specified isoform were found in literature [277].

Psyllium (Plantago ovate), flax seed (Linum sp.); pas-
sion flower (Passiflora) and fermented wheat germ extract
(Triticum sp.) had no metabolism interactions with OAA
but decreased the absorption of OAA and should not be use
concomitantly with OAA [21, 150, 153, 162, 172, 278, 279].

Amygdalin (Prunus armeniaca) and Pereirod (Pao
Pereira) had no metabolism interactions with OAA but can
be toxic and life-threatening (unknown mechanism) [279,
280]. So it should not be used with an OAA. Precaution
should be considered with sweet cumin or aniseed (Pimpi-
nella anisum) because interactions with unknown mecha-
nism were described [150, 281, 282].

Discussion and conclusion

In our daily practice study, pharmaceutical counseling ses-
sions reduce the risk of interactions and optimize treatment.
Indeed, through pharmaceutical counseling, drug-drug or
herb—drug interactions are detected in more than 25% of
all prescriptions. This result is the same as that found in the
literature [8, 9].

In daily practice in the Besangon university hospital set-
ting, CAM are used by 27.0% of the patients. More than 80
kinds of CAM are involved, most of which are herbs, but
patients also take minerals or vitamins. Thus, their use is
quite common, and we find the same tendency in the litera-
ture. In patients treated with OAA, the prevalence of CAM
use varied between 17 and 84% and the use of phytotherapy
between 19 and 40% [283-288]. The use of CAM and espe-
cially phytotherapy can be explained by the fact that plants
and CAM are often thought to have anticancer virtues and
are frequently encountered in this type of population. For
example, blue-green algae, bromelain, curcumin, devil’s
claw, amygdalin, propolis, etc. are known for cancer chemo-
prevention and treatment [150, 185, 186, 217, 289-299].

The rate of herb—OAA interaction is 8% (4.3-11.8) (16
prescriptions for 201 patients receiving pharmaceutical
counseling). More than one-third of patients taking a medici-
nal herbal treatment were at risk of an herb—drug interaction.

This herb—drug interaction can lead to a potential clinical
impact: it may decrease the efficacy or increase the toxicity
of OAA [300]. Therefore, it is absolutely essential to provide
this information to healthcare professionals in order to avoid
the risk of toxicity or treatment inefficacy [204, 301]. Yet,
in our study as in the literature, very few patients actually
inform their caregivers (physician especially) [283].

Our systematic review has allowed us to create an exhaus-
tive database based on daily practice to help pharmacists to
identify HDI and adapt their counseling accordingly. When
an interaction with a medicinal plant is described in litera-
ture for metabolism and/or transport, we consider that the
plant should be avoided even there is only case report or
in vitro studies.

There were limits to completeness. Firstly, data published
in the literature for some HDI can be contradictory or describe
only in vitro. Thus, for instance, for milk thistle, three stud-
ies describe a CYP3A4 inhibition [163, 219, 302, 303]. But
Kawaguchi-Suzuki et al. report no significant inhibitory
or inductive effects on major hepatic P450 enzymes [242].
Another example is grape seed extract: Etheridge et al. explain
the inhibition effect of grape seed on CYP3A4, whereas Raucy
et al. report that grape seed produced an increase in hepatocyte
CYP3A4 mRNA ranging from 200 to 400% [150, 218, 219,
304]. Same results have been observed with Echinacea: Gur-
ley BJ et al. describe an induction of CYP3A4 and CYP2A1
whereas Gorski et al. an inhibition [202, 206]. The explanation
of these discrepancies may be a difference of dose or concen-
trations used in in vitro tests. The use of different part of plants
(leaves or roots for example) could also influence the results of
pharmacokinetic assay. Different commercial preparations of
ginseng can give different inhibition or inductions according
to the brand of manufacture [305]. Only few in vivo studies
are available to describe the interaction between OAA and
plants. Per example, one study reports the effect of St john’s
wort (Hypericum perforatum) on imatinib pharmacokinetics.
St John’s wort increases imatinib clearance and decreases the
area under the curve (AUC). Thus, concomitant use of enzyme
inducers, including St john’s wort, may require a larger dose
of imatinib to maintain clinical effectiveness [153, 186, 207,
230, 231, 267, 272, 273]. For some plants, only case reports
are found to describe the interaction with an OAA [73]. For
instance, a case reports an interaction between hibiscus (Hibis-
cus sabdariffa) and erlotinib in a woman treated by erlotinib
for 5 years without any side effect. Suddenly she developed
a severe cutaneous adverse effect on account of daily self-
administration of tea made of hibiscus flowers, with inhibition
of CYP3A4 and CYP1A1 [237]. Another case reports liver
toxicity due to interaction between Chinese herb and temo-
zolomide [127]. Thus, medicinal plants should be used with
caution with this drug.

Second, for many plants, the anticancer activity has not
been assessed in humans. Their efficacy and the safety of
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combining them with anticancer drugs have not been studied.
In addition, the number of clinically relevant HDI is prob-
ably under-reported. Therefore, cancer and concomitant use of
some CAM should be avoided. This study could be developed
further to include alternative plants, replacing those that must
be avoided.

Thirdly, only pharmacokinetic interactions were analyzed.
Pharmacodynamic interactions, like addition of anticoagulant
effect or hypokalemia, were not taken into account [306].

For some plants, no data are available. In daily practice,
we advise the patient to stop the consumption of these plants.

In conclusion, this study confirmed that HDI should not be
ignored by healthcare providers in their management of can-
cer patients in daily practice [307]. They must inquire about
patients’ use of CAM and adapt their counseling accordingly.
The tool we have created can be used during pharmaceuti-
cal counseling sessions and be proposed to community and
hospital pharmacists as well as other healthcare providers in
our region. The tool allows us to summarize the interactions
between 72 plants and 31 OAA. Some health institutions have
created databases about this subject. But, in the one hand, there
is a granted access and in the other hand, the data are not
exhaustive [186, 308, 309]. Analyzing the HDI in daily prac-
tice is both quick and efficient. This tool will be supplemented
by other OAA used in oncology and alternative herbs.
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