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Milo Gatti and Fabrizio De Ponti

20.1 Drug Interactions: Pharmacological Considerations

Drug interaction is defined as a clinical meaningful alteration in the effect of one
drug (object drug) as a result of co-administration of another (precipitant drug) [1].
Although some drug interactions may be used for therapeutic benefit, usually inter-
actions may increase or inhibit the effects of a drug, leading, respectively, to toxicity
or a diminished therapeutic efficacy [1]. The probability of any drug interaction
increases on the basis of the number of agents used [2]. Drug interactions may rep-
resent a major issue at any age in life, and up to 7% of hospital admission to medical
wards and prolonged hospital stays are caused by serious drug interactions [3].

Drug—drug interactions may broadly be categorized as pharmacokinetic or phar-
macodynamic [2]. Pharmacokinetic (PK) interactions occur when the exposure of
the object drug is modified by the precipitant agent and may be caused by changes
in absorption, distribution, metabolism and elimination. Conversely, pharmacody-
namic interactions occur when medications cause additive, synergistic or antagonis-
tic pharmacological effects influencing efficacy or leading to adverse effects [2].
The inhibition or induction of the activity of cytochrome P450 (CYP450) enzymes
and the influence on transporters represent generally the most common and impor-
tant mechanisms of drug interactions [2, 4].

An overview of the main pharmacokinetic mechanisms causing drug interactions
is provided in the next section.
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Absorption

Three distinct mechanisms may be responsible for absorption-related drug interac-
tions: (i) absorption may be affected by chelation with a cation (calcium or iron); (ii)
changes in gastric pH may impair the absorption of agents requiring low gastric pH
for dissolution; (iii) first-pass intestinal metabolism may be affected by inhibition or
induction of CYP450 enzymes (especially the CYP3A4 isoform, representing
almost 80% of CYPs expressed in small intestinal mucosa) or the P-glycoprotein
(P-gp) efflux transporter in the intestinal epithelium [2]. Drugs affecting first-pass
metabolism play an important role in interactions concerning hormonal contracep-
tives; particularly the induction of intestinal CYP3A4 may lead to reduced hormone
levels and consequently impaired efficacy.

Distribution

Distribution of agents to the sites of action is mediated by drug influx and efflux
transporters and influenced by protein binding, as only the free fraction is able to
penetrate across tissue membranes [2]. Drug interactions may be caused by interfer-
ence with different transporters or protein binding displacement. Protein binding
displacement shows clinical relevance when the two drugs are highly protein bound
(as in the case of hormonal contraceptives that have >90% binding protein), com-
peting for the same binding site, and one of them has a low volume of distribution
and narrow therapeutic window.

Metabolism

Metabolic interactions are mostly caused by CYP450 isoforms, a superfamily of
microsomal enzymes playing a major role during phase I liver reactions [2]. Food,
environmental features, other drugs and genetics influence cytochrome activity and
consequent drug metabolism [2]. Medications interacting with the CYP450 path-
way may be classified as substrates, inhibitors or inducers. Inhibitors may be further
subdivided into weak, moderate or potent [2]. A summary of the main inhibitors and
inducers for each CYP450 isoform is provided in Table 20.1. Glucuronidation, a
phase II metabolic reaction, may be involved in clinically relevant drug interactions
caused by inhibition or induction of this process.

Elimination

Inhibition of influx or efflux transporters in renal cells may impair tubular reabsorp-
tion or secretion of different medications, leading to enhanced or decreased
clearance.

20.1.1 Clinical Relevance of Drug-Drug Interactions

Drug interactions should be considered clinically relevant if they lead to modified
efficacy or increased toxicity and adverse effects [2]. A potential drug interaction is
an occurrence in which two drugs known to interact are concurrently prescribed,
regardless of the onset of adverse events [2].



20 Drug Interactions with Contraceptives 327

Table 20.1 Summary of the most important inducers and inhibitors of CYP450 (+ weak; ++
moderate; +++ strong inhibition)

CYP1A2 CYP2C9 CYP2C19  CYP2D6 CYP3A4/5

Inhibitors

Ciprofloxacin Amiodarone ++ Fluoxetine + Fluoxetine +++ HIV protease inhibitors
+++ Fluconazole Omeprazole Paroxetine +++ +++

Levofloxacin + +++ ++ Amiodarone + Clarithromycin +++
Amiodarone + Quinidine +++ Azole antifungals +++
Fluvoxamine +++ Verapamil ++

Amiodarone +
Diltiazem +

Inducers
Tobacco smoke + Rifampicin - - Carbamazepine +++
Omeprazole + +++ Efavirenz +++

Nevirapine ++
Etravirine ++
Phenobarbital +++
Phenytoin +++
Rifampicin +++

Relevant drug interactions with hormonal contraceptives are highlighted in bold. (Adapted
from [8])

Although it was known since the 1970s that drug interactions could lead to seri-
ous clinical adverse events, only in 1997 was the first guidance regulatory document
to industry on the conduct of premarketing drug metabolism and drug interaction
studies drafted [2, 5, 6]. This occurred as a consequence of reports of sudden cardiac
death in patients treated concurrently with terfenadine (able to prolong QT interval
causing torsade de points) and ketoconazole (a strong inhibitory of CYP450 activ-
ity, leading to toxic plasma levels of terfenadine) [7]. Despite a large number of
potential drug interactions are detected in vitro or in studies performed in healthy
volunteers, predicted interactions lead to discernible toxicity or therapeutic failure
only in few cases [2]. Actually, there is no consistent rating system to assess the
severity and likelihood of potential drug—drug interactions, leading to a lack of con-
sensus on decision whether to change therapy [2]. Only few drug—drug interactions
may be considered clinically relevant, resulting in serious and life-threatening
adverse events or in therapeutic failure. The concept of interaction iceberg can be
put forward to underline the fact that in a real-world setting, clinically relevant drug
interactions occur only when several concomitant factors concur in increasing the
actual risk bypassing the “filters” encountered at each stage from the bottom (where
potential drug interactions are found) to the top (where actual interactions are listed;
Fig. 20.1).

The clinical relevance of a potential drug interaction depends on several factors,
including the pharmacokinetic/pharmacodynamic relationship, the therapeutic
index of the object drug, the proportion of the object drug affected by the specific
metabolic, elimination or transport pathway that is inhibited or induced by the pre-
cipitant agent and pharmacogenomics issues (poor or extensive metabolizers of the
different CYP450 isoforms are common in world population) [2]. Increased or
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Fig.20.1 The “interaction iceberg”. Only some drug—drug interactions have clinical importance:
in a real-world setting, clinically relevant drug interactions occur only when several concomitant
factors concur in increasing the actual risk bypassing the “filters” encountered at each stage from
the bottom (where potential drug interactions are found) to the top (where actual interactions are
listed). Examples of those involving HCs are shown

decreased plasma concentrations of the object drug may be considered clinically
relevant for agents characterized by narrow therapeutic window and subjected to
rapid metabolism [8].

The clinical relevance of any drug interaction is closely dependent on the dura-
tion of treatment with the precipitant agent. For short-term therapies (e.g. antibiotic
prophylaxis for dental procedure with once-only amoxicillin or a macrolide), the
probability of affecting the bioavailability of the object drug (i.e. hormonal contra-
ceptives — HCs) is very scarce. Conversely, for long-term (e.g. anticoagulants for
management of deep vein thrombosis or rifampicin in tuberculosis) and lifelong
treatments (e.g. anticonvulsant or antiretroviral agents), the risk of occurrence of
clinically relevant drug interactions is higher. These different scenarios must be
considered in the management of a woman treated with hormonal contraceptives.

Substitution of drugs with the same therapeutic indications or within the same
drug class that are metabolized by different isozymes or separate pathways may be
useful strategies to avoid potential interactions. When substitution is not feasible,
careful dosing adjustment can minimize drug interactions [2].

20.1.2 Drug-Herbal Interactions

Use of herbal preparations and complementary and alternative medicine therapies
is common across the globe, with no substantial difference among countries [9,
10]. In the USA, the use of herbal products is reported in approximately 20% of
women of reproductive age [11]. Despite popular belief, herbal preparations and
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complementary medicine therapies (food, micronutrients and dietary supplements)
are not completely harmless and may affect the pharmacokinetics and pharmaco-
dynamics of co-administered conventional drugs, leading to enhanced toxicity or
therapeutic failure [12]. The most important causes of clinically relevant herbal-
drug interactions are inhibition or induction of the activity of intestinal and hepatic
CYP450 and influence on transporters with consequently potential alterations in
absorption, distribution, metabolism and elimination of conventional drugs [12, 13].

It is important to recognize that the most clinically relevant drug—food and drug—
herbal interactions are not limited to co-administration of grapefruit juice or the
Saint John’s wort herbal extract, but several other over-the-counter products may
cause severe and life-threatening events [13]. Examples of herbal and dietary sup-
plement capable to produce interactions with conventional drugs are provided in
Table 20.2.

Table 20.2 Summary of over-the-counter products causing clinically relevant interactions with
conventional drugs

Over-the-counter products Interaction mechanisms Clinical consequences

Fruits-vegetables-juices-other beverages

Grapefruit—grapefruit Inhibition of metabolism of  Estrogen and progestin plasma

juice—fruit derived from drugs by CYP3A4 with levels may be higher and lead to

grapefruit (Seville orange, increasing in peak plasma enhanced toxicity

lime, pomelo) concentrations Caution with the use of oral drugs

(Citrus paradise—Citrus with low bioavailability (<50%) due

sinensis) to an extensive first-pass intestinal
metabolism

Risk is significant when the interval
between the consumption of
grapefruit and drug intake is less

than 4 h
Cranberry juice Inhibition of CYP3A4 and Estrogen and progestin plasma
(Vaccinium macrocarpon) CYP2C9 levels may be higher and lead to

enhanced toxicity
Caution with warfarin (eight cases
of bleeding) and midazolam (one
case of drowsiness)

Herbal medicines

Gingko Inhibition of CYP2C9 Ethinylestradiol and desogestrel
(Ginkgo biloba) Platelet anti-aggregant plasma levels may be higher and
activity lead to enhanced toxicity

Increased bleeding risk with
warfarin and nonsteroidal anti-
inflammatory drugs
Garlic Inhibition of intestinal Estrogen and progestin plasma
(Allium sativum) first-pass extraction levels may be higher and lead to
enhanced toxicity
Caution with warfarin (increased
risk of bleeding) and saquinavir
(loss of efficacy)

(continued)
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Table 20.2 (continued)

Over-the-counter products
Echinacea
(Echinacea purpurea)

St. John’s wort
(Hypericum perforatum)

Ginseng

(Panax ginseng)

Goldenseal
(Hydrastis canadensis)

Salvia
(Salvia officinalis)

Interaction mechanisms

Induction of intestinal and
hepatic CYP3A4

Strong dose-dependent
induction of intestinal and
hepatic CYP1A2 — 2C9 —
3A4 - 2E1 and P-gp
Decreased intestinal warfarin
absorption

Strong inhibitor of CYP2D6
and CYP3A4

Inhibition of CYP2C9

Micronutrients and dietary supplements

Calcium
Calcium, iron,
magnesium, zinc,
aluminium
Tyramine

L-Tryptophan

Vitamin B6

Hypercalcemia

Chelation and reduced
bioavailability of different
drugs

Enhanced activity in case of
inhibition of MAO and
increasing risk of life-
threatening hypertensive
crisis

Precursor of serotonin

Pharmacodynamic stage
impaired

Clinical consequences

Potential decreased efficacy of
HCs

Increased clearance of drugs
metabolized by CYP3A4
Decreased efficacy of HCs
Increased risk of therapeutic failure
with drugs metabolized via
CYP450

Use of HCs containing estrogen
may enhance the risk of
thrombotic events

Impairment of efficacy (warfarin)
and increased risk of thrombotic
effects

Ethinylestradiol and progestins
plasmatic levels may be higher
and lead to enhanced toxicity
Increased risk of toxicity with
concomitant drugs metabolized via
CYP450

Ethinylestradiol and desogestrel
plasmatic levels may be higher
and lead to enhanced toxicity
Increased risk of bleeding with
warfarin

Avoid combination with digoxin
Avoid combination with
tetracyclines, fluoroquinolones and
bisphosphonates

Avoid combination with linezolid
and antidepressants inhibiting MAO

Increased risk of serotoninergic
syndrome in combination with
selective serotonin reuptake
inhibitors

Decreased efficacy of oral
contraceptives

Relevant interactions with hormonal contraceptives are highlighted in bold. (Data retrieved from

[12,13])

Interactions between over-the-counter products and conventional drugs are prob-
ably underreported. Although the use of herbal products is rapidly increasing, there
are only few national surveillance systems monitoring and evaluating adverse reac-
tions associated with their use [12]. Pharmacovigilance studies are essential in order
to assess safety profile and clinical relevance of interaction with conventional drugs.
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20.2 Hormonal Contraceptives: Pharmacological
Classification, Pharmacokinetic Issues and Impact
on Drug-Drug Interactions

HCs represent one of the most common prescription classes of medications used by
women of reproductive age, playing an unequivocal role in improving contraceptive
efficacy and minimizing the risk of unintended pregnancies [14]. Despite the high
efficacy of HC, almost 0.2-0.3% of women experience an unintended pregnancy
within the first year even when usage “follows the book™ [15]. Drug—drug interac-
tions involving HCs could partially explain the impaired efficacy reported in real-
life setting, so it is important to underline the pharmacokinetic issues of the different
types of HC and the relationship with the mechanisms of drug interactions.

Several formulations of HCs are currently available, including either a progestin
alone or a combination of estrogen and progestin, and characterized by different PK
features depending on the drug used and the route of administration. PK features
may explain the different likelihood for an interaction with each HC method. Drug—
drug PK interactions may depend on alterations in absorption, distribution, metabo-
lism or elimination causing impaired efficacy or toxicity of hormonal contraceptives,
although the role of intestinal and hepatic first-pass metabolism represents the main
issue. An overview of the different potential sites of drug interactions involving
hormonal contraceptives is provided in Fig. 20.2.

HCs may be responsible for bidirectional drug interactions, which may influence
effectiveness and safety of both contraceptives and concomitant drugs. Currently,

coc

————— POP < - — - — - — Pharmacokinetic stages Drug interaction mechanisms
m Emergency contraception
~-. POPs Drugs causing severe vomiting or diarrhoea,
Absorption alterations in gastric pH or intestinal transit, or
* CYP3A4/P chelation may affect absorption of oral
i inal j<=-—--—-— -gp i reducing bi ilability and
Small intestinal |« induction/inhibition impairing clinical efficacy

1 mucosa

Moderate/strong inductors of CYP450 may
reduce bioavailability of oral contraceptives
Metabolism — and impair clinical efficacy
enzyme induction/inhibition
Moderate/strong inhibitors of CYP450 may
increase bioavailability of oral contraceptives,
leading to adverse events or toxicity
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Fig.20.2 Pharmacokinetic features of different administration routes of hormonal contraceptives
and site of potential drug—drug interactions. Green, different routes of administration; red and blue,
respectively, mechanisms of PK and PD drug interactions. COC combined oral contraceptive, POP
progestin-only pill, /M intramuscular, SC subcutaneous, /UD intrauterine device; P-gp
P-glycoprotein, EE ethinylestradiol. (Adapted from [71])
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HC methods approved by the Food and Drug Administration (FDA) and European
Agency of Medicines (EMA) included at least ten categories, of which eight are
reversible contraceptive methods and two are emergency contraceptive methods
(Table 20.3) [16].

Table 20.3 Classification and pharmacological consideration on different methods of HC
approved by the FDA and the EMA. (Adapted from [16])

Hormonal Route of Dosing

contraceptives administration  frequency Pharmacological consideration
Combined oral Oral A pill every day  First-pass metabolism with
contraceptive (COC) for a complete inter- and intra-variability in

cycle of 28 days  bioavailability
(placebo in the ~ Higher risk of drug

fourth week) interactions compared to
nonoral route

Progestin-only pills Oral A pill every day  First-pass metabolism with
(POPs) at the same inter- and intra-variability in

daytime for a bioavailability

complete cycle  Higher risk of drug

of 28 days interactions compared to

(placebo in the  nonoral route. Low-dose

fourth week) progestin in POPs may be

responsible for contraceptive
failure in concomitant
treatment with moderate or
strong inducers of CYP450

Levonorgestrel Oral Within 3 days First-pass metabolism with
1.5 mg — emergency after unprotected inter- and intra-variability in
contraception intercourse bioavailability

Relevant drug interactions
may occur only in case of
ongoing long-term treatments
with moderate or strong

inducers of CYP450
Ulipristal acetate — Oral Within 5 days First-pass metabolism with
Emergency after unprotected inter- and intra-variability in
contraception intercourse bioavailability

Relevant drug interactions
may occur only in case of
ongoing long-term treatments
with moderate or strong

inducers of CYP450
Contraceptive Dermal Put on a new Similar to COC, but
patch — ethinylestradiol/ patch each week  gastrointestinal absorption and
norelgestromin for 3 weeks (21  first-pass metabolism is avoided.

total days). No  Following the first application

patch during the  of the patch, serum hormone

fourth week levels increase gradually over
the first 48—72 h reaching a
plateau and then remain
constant up to 21-day period
High risk of drug interactions
with strong inducers of
CYP450
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Table 20.3 (continued)

Hormonal Route of Dosing

contraceptives administration  frequency Pharmacological consideration

Levonorgestrel- Intrauterine Up to 3-5 years  Lack of gastrointestinal

releasing intrauterine according to the  absorption and first-pass

devices (LNG-1UDs) type metabolism. Contraceptive
activity mainly at local level
Lower risk of relevant
interactions compared to oral
route

Etonogestrel implant Subdermal Up to 3 years Lack of gastrointestinal
absorption and first-pass
metabolism
Lower risk of relevant
interactions compared to oral
route, but higher with respect
to parenteral HCs or
LNG-IUDs

Depot Intramuscularly Every 3 months  Lack of gastrointestinal

medroxyprogesterone absorption and first-pass

acetate (DMPA) metabolism
Lower risk of relevant
interactions compared to oral
route

Vaginal contraceptive ~ Vaginal 3 weeks Similar to COC, avoiding

ring — ethinylestradiol/ gastrointestinal absorption and

etonogestrel first-pass metabolism. Serum

hormone levels increase
immediately after ring insertion
and then decrease slowly over
the cycle

High risk of drug interactions
with strong inducers of
CYP450

Intestinal and hepatic first-pass metabolism may lead to profound PK variations
of oral contraceptives, involving absolute and relative bioavailability, resulting in
wide and different levels of steroids that reach systemic circulation and sites of
action. After ingestion, steroids enter the stomach and undergo dissolution. The dis-
solved drugs pass into the intestine where they are subjected to transformation by
bacterial enzymes and enzymes in the intestinal mucosa (especially CYP3A4). The
mixture of metabolized and unmetabolized drug passes the intestinal mucosa and
through the portal vein blood reaches the liver [17]. At this stage, estrogens and
progestins undergo additional phase I and II metabolic reactions, mainly via
CYP450 and glucuronidation pathways, before reaching systemic circulation.
Extensive first-pass metabolism mediated by intestinal and/or hepatic CYP450 is a
key stage of metabolic pathway of oral contraceptives, leading to potential occur-
rence of drug—drug interactions with concomitant agents (conventional drugs,
herbal products, dietary supplements) [17]. On the contrary, administration of HCs
via nonoral routes effectively bypasses first-pass metabolism, thereby avoiding pos-
sible drug interactions occurring at this stage.
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Apart from few exceptions, the estrogenic component of virtually all currently
marketed HCs (combination oral contraceptive, transdermal patch and vaginal ring)
consists of ethinylestradiol (EE) [17]. EE is absorbed from the stomach and the
upper intestine during the first hour after ingestion, reaching peak concentration
after 1-2 h in most women, despite that wide variability is reported [17]. EE is sub-
jected to intestinal and hepatic metabolism (first-pass metabolism), where the
2-hydroxylation catalysed by the hepatic CYP3A4 and CYP2C9 is the most impor-
tant metabolic pathway. EE is then rapidly conjugated in part to an inactive glucuro-
nide via glucuronosyltransferase isoenzymes (UGT1A1) and is subjected to renal
elimination, and in part to sulphate metabolites, which may partially deconjugate
during enterohepatic recirculation to EE, adding to the active circulating levels of
EE [17]. Bioavailability and elimination half-life show wide intra- and inter-
variability between women, ranging from 25% to 65% and from 6 to 27 h, respec-
tively [17]. Intestinal and hepatic first-pass metabolism plays a key role in
establishing bioavailability of EE, while enterohepatic recirculation may affect
elimination half-life. While oral administration of EE shows a peak-trough fluctuat-
ing pattern in serum levels, transdermal and vaginal dosing are not affected by first-
pass metabolism, leading to more constant levels [17].

Progestins contained in HCs may be classified into four generations based on
chemical structure (related to progesterone or testosterone). They present larger
inter- and intra-variability in metabolism, blood levels and pharmacokinetic param-
eters [17]. Many of the progestins used for oral contraception are prodrugs requiring
to be metabolized for activation [17]. They are subjected to intestinal and hepatic
first-pass metabolism and are well absorbed, although differences in bioavailability
among different progestins are reported. The major metabolic transformation con-
sists in reduction via CYP3A4. Successively, the unreduced and reduced progestins
are subjected to hydroxylation and conjugation to form sulphates or glucuronides,
which will be eliminated by the kidney [17]. Norethindrone and dienogest have
relatively low half-lives, ranging from 8 to 12 h, while cyproterone acetate shows
the longest half-life (50-80 h), followed by drospirenone (almost 30 h) [17]. Other
progestins show half-life ranging from 12 to 24 h [17, 18]. A summary of pharma-
cokinetic parameters of EE and progestins, with a focus on the role of CYP450 in
their metabolism, is provided in Table 20.4.

Emergency contraception includes levonorgestrel and ulipristal acetate.
Levonorgestrel is a synthetic progestin available in a single dose of 1.5 mg for emer-
gency contraception [19]. It does not undergo first-pass metabolism and has 100%
bioavailability [19]. Levonorgestrel is highly protein bound (almost 99%), and any
displacement to the bound protein could potentially lead to adverse events (drug—
drug interactions with other highly bound agents) [19]. It is metabolized by CYP450
and metabolites are excreted in urine and faeces (terminal half-life almost 24 h).

Ulipristal acetate is a selective progesterone receptor modulator, available in a
single dose of 30 mg [19]. It is highly bound to plasma proteins (>98%), including
albumin, and it is metabolized by hepatic CYP3A4 [19]. Ulipristal acetate has a
terminal half-life of almost 30 h. Induction or inhibition of the activity of CYP450
with ulipristal administration is not reported; however it may be a strong inhibitor
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of P-gp at clinically relevant concentration [19]. Pharmacodynamic interactions
between ulipristal acetate and progestin-containing HCs are reported [19]. Quickly
starting hormonal contraceptives after ulipristal acetate administration may reduce
effectiveness of emergency contraception. Hormonal contraception may not be
started until 12 days following ulipristal acetate administration, as reported in the
Summary of Product Characteristics (antagonistic pharmacodynamic interactions
between progestins and ulipristal) [19].

20.3 Clinically Relevant Drug Interactions Involving HCs

Several classes of drugs may potentially interact with HCs, leading to enhanced
toxicity caused by higher estrogen and progestin plasma concentrations or impair-
ment of efficacy and occurrence of unintended pregnancies. Women of reproductive
age requiring HCs may face different scenarios with specific concerns to be
addressed.

First, it is expected that strong or moderate inducers of CYP3A4, namely, carba-
mazepine, phenytoin, phenobarbital, efavirenz, rifampicin and St. John’s wort (see
Table 20.1), may lead to clinically relevant interactions and affect efficacy of HCs.

Second, women of reproductive age may require therapeutic management with
drugs able to cause teratogenicity (e.g. isotretinoin, carbamazepine, valproate, phenyt-
oin, warfarin). In this case, effective contraceptive strategies must be provided to these
patients, in order to avoid the consequences of unintended pregnancies. Clinicians
should be aware of potential efficacy-impairing drug interactions between teratogenic
agents and HCs. Particularly, different antiepileptic drugs with teratogenic potential
(carbamazepine and phenytoin) are also strong inducers of CYP3A4. It is important
that clinicians manage potential interactions, prescribing agents having lower terato-
genic risk or unable to interact with hormonal contraceptives whenever possible. In
case a teratogenic agent with strong or moderate induction activity on CYP3A4 cannot
be withdrawn, alternative contraceptive methods must be implemented.

Third, women of reproductive age may be affected by different disease condi-
tions requiring long-term or lifelong treatment. Indeed, several chronic diseases
may lead to organ failure and consequently increase the risk of clinically relevant
drug interactions. Epileptic disorders, tuberculosis, HIV infection and psychiatric
illnesses are common worldwide, with women of reproductive age representing a
non-negligible subgroup. Different therapeutic strategies may be implemented in
low- and middle-income countries, based on the difference in drug access (see
below Sect. 22.3 concerning HIV treatment). Women living in developing countries
may have limited access to alternative compounds characterized by reduced terato-
genic risk or relevant interactions with HCs. Therefore, long-term or lifelong treat-
ments lead to higher risk of drug—drug interactions, particularly when inducers of
CYP450 are chronically utilized.

Finally, drug interactions may be bidirectional, and HCs may impair the efficacy
or lead to severe toxicity of concomitant drugs. Poor control of the underlying dis-
eases may be an occurring risk.
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It is important to underline that the most important and relevant drug interactions
involving HCs are caused by agents raising one or more of the concerns listed above.
For example, carbamazepine and phenytoin are strong inducers of CYP3A4 and may
lead to teratogenic events, and a long-term treatment is required with these agents. A
second example, efavirenz, exhibits the same issues: lifelong treatment, strong induc-
tion of CYP3A4 and a non-negligible teratogenicity. Finally, treatment including
rifampicin and rifabutin is required for several months, and the agents are strong
inducers of CYP3A4. High risk of relevant drug interactions affecting contraceptive
efficacy is expected in women of reproductive age treated in these settings.

20.3.1 Antiepileptic Agents

Epilepsy may have major impacts on several important aspects of life. The severity
of the diseases ranges from good seizure control up to absence of seizures, to a
debilitating disease requiring polytherapy that may lead to severe adverse events
and drug interactions [20]. Antiepileptic agents are widely used, not only as stan-
dard treatment of epilepsy but also in the management of several non-epileptic dis-
orders, including neuropathic pain, generalized anxiety disorders, fibromyalgia,
migraine prophylaxis and bipolar spectrum disorders [21]. In many countries,
women of reproductive age constitute the majority of users of anticonvulsants [22].
Because of the long-term nature of epilepsy and non-epileptic disorders requir-
ing antiepileptic agents, the treatment is continued for many years and commonly
for a lifetime. Consequently, patients will use several medications for the manage-
ment of concurrent or intercurrent disorders, leading to higher risk of pharmacoki-
netic and pharmacodynamic drug interactions [23]. Clinicians should be aware that
women in reproductive age taking hormonal contraceptives and requiring antiepi-
leptic agents may experience bidirectional drug interactions, resulting in unintended
pregnancy or increased seizure activity [24]. Although drug interactions involving
hormonal contraceptives are well-established with the concomitant use of older
antiepileptic agents, interactions may occur also with the use of second-generation
anticonvulsants [25]. Failure rate with oral contraceptives is higher in women
affected by epilepsy in comparison to healthy subjects (3—6% vs. 1%), and lack of
efficacy of hormonal contraceptives is the cause of one in four unplanned pregnan-
cies in women taking antiepileptic agents [26, 27]. Contraceptive inefficacy may
represent a critical issue for women treated with anticonvulsant drugs, considering
their teratogenic potential. Consequently, it is important to prevent the occurrence
of clinically relevant drug interactions between hormonal contraceptives and anti-
epileptic agents. A brief overview of the potential bidirectional drug interactions
between hormonal contraceptives and antiepileptics is provided in Table 20.5.

20.3.1.1 Effects of Antiepileptic Agents on HCs

“First-generation” antiepileptic agents including carbamazepine, phenobarbital,
phenytoin and primidone are strong enzyme inducers enhancing the metabolism of
both ethinylestradiol and progestins. These drugs cause also an increased amount of
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Table 20.5 Bidirectional drug interactions (DDIs) between HCs and antiepileptic agents (AEDs)
(green, reported no interaction; yellow, some concerns with concomitant use and increased risk of
treatment failure; red, avoid concomitant use; grey, no available data; COCs, combined oral con-
traceptives; POPs, progestin-only pills; LNG-IUD, levonorgestrel-releasing intrauterine device).
(Data retrieved from [23-25])

Antiepileptic agents

Reduction in
Ethinylestradiol
serum levels
caused by AED

Reduction in
Progestins
serum levels
caused by AED

Reduction in
AED
serum levels
caused by HC

Route of HCs
administration involved
in DDIs

Carbamazepine

Phenobarbital

Phenytoin

Valproate

First-generation antiepileptic drugs

Second-generation antiepileptic drugs

COCs, POPs, progestin
subcutaneous implants,
LNG-IUD

COCs, POPs, progestin
subcutaneous implants,
LNG-IUD

COCs, POPs, progestin
subcutaneous implants,
LNG-IUD

COCs, vaginal ring,
dermal patch

Eslicarbazepine

Felbamate*
Gabapentin
Lacosamide

Lamotrigine

Levetiracetam
Oxcarbazepine
Perampanel
Pregabalin
Retigabine/ezogabine
Rufinamide
Stiripentol

Tiagabine

Topiramate

Vigabatrin

Zonisamide

“Orphan drug

COCs

Low-dose COCs

COCs, vaginal ring, dermal
patch (for reduction in AED
serum levels)

COCs and POPs (for
reduction in progestins
serum levels)

COCs, POPs

COCs, POPs

COCs, POPs

COCs

COCs
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sexual hormone binding globulin, leading to decrease in free active proportion of
endogenous and exogenous sexual steroid hormones. Increased risk of unplanned
pregnancy is reported with the concomitant use of carbamazepine, phenytoin, phe-
nobarbital and primidone and hormonal contraceptives, including combined oral
contraceptives (COCs), progestin-only pills (POPs), levonorgestrel and etonoges-
trel subcutaneous implants and levonorgestrel-releasing intrauterine device (LNG-
IUD) [26]. Available data suggest that the metabolism of hormone-releasing
contraceptives is not affected by concomitant use of valproate [26].

As regards “second-generation” or newer antiepileptics, oxcarbazepine, eslicar-
bazepine, felbamate and rufinamide are moderate inducers and may reduce serum
concentrations of both ethinylestradiol and progestins, leading to contraceptive fail-
ure [23, 24]. Breakthrough bleeding is reported with felbamate in women taking
low-dose COCs [27]. Dose-dependent topiramate showed to induce the metabolism
of ethinylestradiol, although no clinical relevance was reported with low doses used
for migraine prophylaxis [24]. Lamotrigine and high-dose perampanel showed to
induce progestins metabolism, leading to the possible occurrence of contraceptive
failure, particularly with low-dose POPs [23, 24]. Breakthrough bleeding and
increased levels of follicular stimulating hormone (FSH) and luteinizing hormone
(LH) were reported in women concomitantly treated with lamotrigine and low-dose
COCs [28]. Reduced ethinylestradiol levels were reported in 2 of 13 healthy women
taking COCs and vigabatrin, although clinical relevance is unknown [26].

Auvailable data suggest that metabolism of HCs is not significantly affected by the
concomitant administration of gabapentin, lacosamide, levetiracetam, retigabine,
zonisamide or tiagabine, as reported also in Summary of Product Characteristics.

In order to improve contraceptive efficacy in women treated with antiepileptic
agents inducing CYP450 enzymes, it is often recommended the use of COCs con-
taining at least 50 pg of ethinylestradiol. However, there are no published data to
prove the efficacy of this therapeutic strategy, and unintended pregnancies occurred
also with the use of older COCs containing more than 100 pg of ethinylestradiol (in
any case, this dosage is no longer used today) [29]. The use of a COC containing a
progestin dose well above the dose required for inhibition of ovulation and the con-
tinuous use of oral contraceptives without a pill-free interval (the so-called long
cycle) may be useful strategies to reduce contraceptive failure [29]. However, full
oral contraceptive efficacy cannot be guaranteed in women treated with strong
inducer anticonvulsants. In this setting, also POPs and etonogestrel/levonorgestrel
subcutaneous implants may lead to contraceptive failure. High-dose injectable
progestin-only formulation (despite the several possible side effects) and LNG-IUD
may be practicable alternatives for epileptic women taking strong inducers
of CYP450.

20.3.1.2 Effects of HCs on Antiepileptic Agents

Ethinylestradiol may affect the metabolism and serum concentrations of some anti-
epileptic agents through inhibition of CYP450 isozymes or induction of UGT
enzymes. Clinically relevant drug interactions were reported with the concomitant
use of lamotrigine. Ethinylestradiol may enhance the metabolism of lamotrigine via
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an action on UGT 1A4, leading to lower serum concentrations during the phase of
HC intake, causing consequently an increased seizure frequency and seizure recur-
rence [23]. An increase in lamotrigine dosing of almost 50-75% may be required in
women taking HCs containing ethinylestradiol [30]. Significant increasing in serum
lamotrigine concentrations during the washout contraceptive week was found, lead-
ing to intermittent lamotrigine-related toxicity [23].

The concomitant administration of lamotrigine and valproate may lead to avoid-
ance of the above interaction, because of the potent inhibitory activity of valproate
on lamotrigine metabolism [23, 24]. Clinically relevant drug interactions involving
lamotrigine are reported with the use of COCs, vaginal ring and transdermal patches
containing ethinylestradiol, while metabolism of lamotrigine is not affected by the
use of progestin-only contraceptive methods, thereby resulting in the best choice in
order to improve seizure control while maintaining contraceptive efficacy.

Ethinylestradiol showed to modestly reduce serum valproate concentrations.
However, the clinical relevance of this interaction is unclear [24].

Potential effects of HCs on other antiepileptic agents were studied only in few
cases. Metabolism and activity of levetiracetam, zonisamide, lacosamide and retiga-
bine are not affected by the concomitant use of hormonal contraceptives; however
no data are available for the remaining anticonvulsants [23].

Overall, a high risk of bidirectional drug interactions is reported with the con-
comitant use of HCs and antiepileptic agents. However, the large number of alterna-
tives for both anticonvulsants (almost 20 drugs showing different metabolic
pathways) and HC strategies (characterized by different PK features) allows to
avoid relevant and serious drug interactions in most cases.

Currently, no data are reported concerning potential interactions between emer-
gency contraception, which implies once-only administration, and antiepilep-
tic agents.

20.3.2 Antiretroviral Agents

Currently, more than 17 million women are affected by HIV worldwide, mainly liv-
ing in low- and middle-income countries [31]. The well-proved efficacy antiretrovi-
ral therapy (ART) shifted HIV infection from a disease presenting high lethality to
a chronic condition requiring lifelong treatment. The largest proportion of HIV-
infected women are of reproductive age, and hormonal contraceptives play a key
role in avoiding unintended pregnancy and in decreasing perinatal HIV transmis-
sion. The prevention of perinatal HIV transmission is important considering that
vertical transmission actually represents a significant infection route worldwide and
the teratogenic potential of several antiretroviral agents, particularly efavirenz [32].

Several classes of antiretroviral agents in different combination ART regimes are
used: nucleotide reverse-transcriptase inhibitors (NRTIs), nonnucleoside reverse-
transcriptase inhibitors (NNRTTIs), protease inhibitors (PIs), CCRS5 inhibitors, fusion
inhibitors, integrase strand transfer inhibitors (INSTIs) and pharmacokinetic
enhancers (boosters) [31, 32]. In Europe and the USA, the recommended first-line
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regimens include an INSTI or PI in association with two NRTIs, while in low- and
middle-income countries, efavirenz is recommended as the third drug in first-line
ART. Nevirapine and dolutegravir represent alternative options [33].

Based on these guidelines, ART containing efavirenz is the most widely used
regimen in HIV-positive women, representing a major issue in management of
drug—drug interactions including HCs, given the peculiar pharmacokinetic of
efavirenz.

Additionally, HIV infection is associated with high risk of several opportunistic
and non-opportunistic infections, including tuberculosis and other non-tuberculous
mycobacteria, leading to a more complex scenario concerning the occurrence of
drug interactions with rifamycins [34].

The impact of different classes of antiretroviral agents on CYP450 causing
potentially relevant drug—drug interactions (including co-administration of HCs) is
reported in Table 20.6.

Given the relatively large number of women with HIV and the widespread use of
HCs in this setting, clinicians should be aware of the significant risk of relevant
drug—drug interactions, potentially impairing treatment efficacy (contraceptive fail-
ure and antiretroviral ineffectiveness).

20.3.2.1 Effects of Antiretroviral Agents on HCs

Efficacy of HCs does not seem to be affected by the concomitant use of NRTTs,
INSTIs and CCRS inhibitors, while enfurtivide is not expected to impair the phar-
macokinetic of contraceptives [35, 36].

As regards NNRTTIs, although studies evaluating pregnancy as main outcome are
few, evidence showed a slightly higher pregnancy rate in women subjected to co-
administration of oral contraceptives and efavirenz as compared to nevirapine. Also
surrogate markers of ovulation were found to be higher in patients taking oral con-
traceptives and efavirenz [35, 36]. PK studies demonstrated that progestin levels
decreased by approximately 60% in women treated with efavirenz, while ethinyl-
estradiol concentrations were not significantly altered. Concomitant administration
of nevirapine leads to decreased ethinylestradiol concentrations of almost 30-60%,
while progestin levels were not affected. Additionally, no changes in hormone levels
with co-administration of COCs and etravirine, rilpivirine or fosdevirine were
reported [35, 36]. Contraceptive efficacy of intramuscular medroxyprogesterone
acetate was not affected by co-administration of efavirenz or nevirapine, while
pregnancy rates were higher among women using levonorgestrel subdermal implant
concomitantly with efavirenz [36]. Significant reduction in etonogestrel levels
(almost 50-70% lower) was found in women using subdermal implant and con-
comitantly taking efavirenz-containing ART. No difference in pregnancy rate was
reported with the use of levonorgestrel implant and nevirapine. Finally, significant
reduction in levonorgestrel levels was reported in emergency contraceptive pills
users when efavirenz was administered [36].

As regards PIs, in women taking COCs, POPs or combined transdermal
patches, no difference in surrogate markers of ovulation was reported with the
concomitant administration of different PI regimens (darunavir/ritonavir or
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Table 20.6 Activity on CYP450 isoforms of the different antiretroviral agents used in HIV man-
agement (—, available data show no inducing or inhibitory activity on CYP450; green, no or low
potential risk of relevant drug—drug interactions; yellow, moderate risk; red, elevate risk) (data
retrieved from [31, 32, 35, 36])

Antiretroviral agents

CYP450 inducer

CYP450 inhibition

Potential implication
in relevant drug-drug
interactions

NRTIs

Zidovudine

Abacavir

Tenofovir

Emtricitabine

Didanosine

Lamivudine

Stavudine

NNRTIs

Efavirenz

3A4-2B6

3A4-2C9-2C19

Etravirine

3A4 (weak)

2C9 -2C19

Nevirapine

3A4-2B6

Rilpivirine

3A4 (weak)

Delaviridine

3A4-2C9 -2D6 - 2C19

Fosdevirine

3A4-2D6-2C9 -2C19

Pls

Ritonavir

3A4-1A2 -2C9 -2C19

3A4-2D6

Atazanaivr

3A4

Darunavir

3A4-2D6

Fosamprenavir

3A4

3A4

Saquinavir

Tipranavir

1A2 -2C19 - 3A4

3A4-1A2 -2C9 -2C19-

2D6

(continued)
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Table 20.6 (continued)

Nelfinanivr - 3A4

Indinavir - 3A4 - 2D6

CCRS5 inhibitors

Maraviroc - 2D6 (high dose)

Vicriviroc

Fusion inhibitors

Enfurtivide

INSTIs

Dolutegravir

Elvitegravir 2C9

Raltegravir

Pharmacokinetic enhancers

Cobicistat - 3A4 — 2D6 (weak)

NRTIs nucleotide reverse-transcriptase inhibitors, NNRTIs nonnucleoside reverse-transcriptase
inhibitors, Pls protease inhibitors, INSTTs integrase strand transfer inhibitors

lopinavir/ritonavir) [35, 36]. PK studies showed lower ethinylestradiol levels, but
higher progestin concentrations, in women taking COCs, POPs or combined
transdermal patches and treated with different PIs (ritonavir, atazanavir/ritonavir,
lopinavir/ritonavir and darunavir/ritonavir) [35, 36]. Concurrent use of COCs or
combined transdermal patches with PIs does not impair contraceptive efficacy
despite the observed decreasing in estrogen levels, as the progestin component is
primarily responsible for contraceptive efficacy [36]. Additionally, the higher pro-
gestin levels reported with the concomitant use of COCs, POPs or combined
transdermal patches and PIs compared to controls may better preserve from unin-
tended pregnancies.

The efficacy of depot medroxyprogesterone acetate and of etonogestrel subder-
mal implants are not affected by the co-administration of PIs (lopinavir/ritonavir
and nelfinavir) [36]. In these women, levels of progestins administered through
intramuscular or subdermal route were higher than in patients not treated with PIs.
Despite the high concentrations of progestin in women treated concomitantly with
HCs and PIs, enhanced toxicity was not reported [36]. However, clinicians should
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carefully monitor women at high risk of increased hormone exposure for excess
hormone-related toxicities, including thrombosis and hypertension.

Limited observational data suggest that the contraceptive efficacy of LNG-IUD
is not impaired in women taking concomitantly ART, based on localized delivery
and action of the progestin released from the device. ART is not expected to signifi-
cantly affect hormone concentration in the genital tract and may be used with rela-
tive safety in well-controlled women affected by HIV infection [35].

A summary of relevant drug—drug interactions between HCs and antiretroviral
agents is shown in Table 20.7.

Management of relevant drug—drug interactions reported with the co-
administration of HCs and NNRTTs and/or PIs includes the following: (i) the use of
combined contraceptives with minimum 30 pg of ethinylestradiol or additional
methods or contraception in women taking PIs (excluded indinavir) [31], (ii) the use
of intramuscular medroxyprogesterone in women taking efavirenz [31, 35] and (iii)
the use of 3 mg levonorgestrel for emergency contraception (off-label use) in women
treated with efavirenz [31, 32]. No specific action is required for other antiretrovi-
ral agents.

20.3.2.2 Effects of HCs on Antiretroviral Agents

A systematic review reported no effects of HCs, particularly with the use of com-
bined oral contraceptives, levonorgestrel implants or injectable medroxyprogester-
one acetate, on the efficacy of NNRTI-containing or PI-containing ART [36].
Outcomes evaluated were death, CD4* cell count or plasma viral load. Although the
use of injectable medroxyprogesterone acetate may lead to immunosuppression
based on the high affinity of binding to glucocorticoid receptor, clinical significance
of this finding is currently unclear, and available data suggest that medroxyproges-
terone acetate does not affect HIV disease progression [35].

Pharmacokinetic studies reported lower concentrations of efavirenz with the
concomitant use of COCs (potentially caused by inducing activity of ethinylestra-
diol on CYP3A4 involved in efavirenz metabolism) and slightly higher nevirapine
concentrations in women after the administration of medroxyprogesterone acetate,
although clinical relevance is unknown and HIV disease progression was not
affected [36].

As regards Pls, co-administration of COCs led to slight increase in atazanavir
levels, while combined transdermal patches may decrease concentrations of lopina-
vir and ritonavir, although clinical significance remains unknown [36].
Concentrations of saquinavir and darunavir were not affected by concomitant use
of COCs.

No alterations in pharmacokinetic parameters were found with the concomitant
use of NRTTs and maraviroc with COCs or medroxyprogesterone acetate [35, 36].

Overall, the most clinically significant drug—drug interactions with the concomi-
tant use of antiretroviral agents and HCs involved efavirenz-containing ART. This is
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Table 20.7 Effects of antiretroviral agents on efficacy of different hormonal contraceptive meth-
ods (green, no or low risk of significant drug—drug interactions; yellow, some concerns; red, high
risk, avoid association; grey, no available data) (data retrieved from [31, 32, 35, 36])

Antiretroviral

cocC
agents

POP

IM/SC injection

Progestin implants

NRTIs
Zidovudine
Abacavir
Tenofovir
Emtricitabine
Didanosine
Lamivudine
Stavudine
NNRTIs
Efavirenz

Etravirine

Rilpivirine
Delaviridine
Fosdevirine

Pls

Ritonavir

Atazanaivr

Darunavir

Fosamprenavir
Saquinavir
Tipranavir
Nelfinanivr

Indinavir

NeVirapine __
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Table 20.7 (continued)

CCRb5 inhibitors

Maraviroc
Vicriviroc
Fusion inhibitors
Enfurtivide
INSTIs
Dolutegravir
Elvitegravir
Raltegravir

Pharmacokinetic enhancers

Cobicistat ‘

NRTTIs, nucleotide reverse-transcriptase inhibitors; NNRTIs, nonnucleoside reverse-transcriptase
inhibitors; Pls, protease inhibitors; INSTIs, integrase strand transfer inhibitors; COC, combined
oral contraceptive; POP, progestin-only pill; IM, intramuscular; SC, subcutaneous

a major issue in women living in low- and middle-income countries given that
efavirenz-containing ART is recommended as first-line therapy for HIV infection.
Clinicians should be aware of this significant drug interaction, strictly monitoring
women treated with efavirenz and HCs and recommending additional and/or alter-
native contraceptive strategies.

20.3.3 Antitubercular Agents

Approximately ten million people every year develop new cases of tuberculosis
worldwide (especially in low- and middle-income countries), of which about one
third are women mostly of reproductive age. Tuberculosis requires long-term treat-
ment with a combination regimen including isoniazid, rifampicin, pyrazinamide
and ethambutol, while infections caused by non-tuberculous mycobacteria require
management with rifampin or other rifamycin antibiotics [34]. It is important to
underline that rifamycins are moderate to strong inducers of CYP450, leading to
several clinically relevant drug interactions, also involving HCs. Given the rela-
tively large number of women with tuberculosis and the widespread use of HCs in
this setting, clinicians should be aware of the significant risk of relevant drug—drug
interactions, potentially impairing treatment efficacy (contraceptive failure and
antitubercular ineffectiveness).
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20.3.3.1 Effects of Antitubercular Agents on HCs

A recent systematic review assessed the risk of significant drug interactions between
rifamycins and COCs [37]. No studies evaluated nonoral formulations of HCs.
Although no evidence directly assessing the risk of pregnancy are reported, surro-
gate markers of contraceptive efficacy showed more common events of break-
through bleeding in women affected by tuberculosis and managed with concomitant
COCs and rifampicin [37]. PK studies confirmed these findings, showing reduction
in estrogen and progestin levels when COCs were co-administered with rifampicin.

Additionally, rifabutin caused significant reduction in estrogen and progestin
exposure. However, rifampicin resulted in larger reduction concentrations for both
ethinylestradiol and norethisterone compared to rifabutin [37]. PK parameters of
COCs were not affected by co-administration of rifamixin (as expected on the basis
of PK features, since rifamixin is only poorly absorbed) and rifalazil, while no stud-
ies evaluated potential interactions between rifapentine and HCs. Rifapentine shows
intermediate level of CYP3A4 induction with respect to rifampin and rifabutin, so a
similar degree of interaction would be expected [38].

Overall, the risk of clinically significant interactions leading to contraceptive
failure appears to be different between rifamycins: rifampin > rifabutin > rifapen-
tine > rifalazil ~ rifamixin [37].

A PK study showed no variation in estrogen and progestin levels in women
treated with isoniazid or streptomycin [37].

20.3.3.2 Effects of HCs on Antitubercular Agents

COCs do not appear to affect the clinical course of tuberculosis in women treated
concomitantly with rifampin-containing regimes [37]. Additionally, PK parameters
of rifampin were unchanged with the concomitant use of COC containing ethinyl-
estradiol and norethindrone [37].

20.3.4 Other Antimicrobials

Antimicrobials are commonly used in reproductive-aged women. Short-term (e.g.
prophylaxis for dental procedures or treatment of uncomplicated cystitis) and long-
term antimicrobial treatments (e.g. outpatient treatment of community-acquired
pneumonia or candidiasis vulvovaginitis) exhibit different risks in terms of poten-
tially relevant drug interactions, since a longer length of therapy exposes to greater
chance of interactions with concomitant agents. Theoretical mechanisms leading to
contraceptive failure in association with antimicrobial treatment include decreasing
in intestinal bacteria (implicated in enterohepatic recirculation of ethinylestradiol)
and alterations in HC metabolism via CYP450. However, the contribution of entero-
hepatic recirculation on active ethinylestradiol circulation is limited, so the reduc-
tion in estrogen reabsorption is unlikely to produce significant effect on systemic
levels. Additionally, rifampicin is the only antimicrobial known to induce CYP450
enzymes, causing relevant decrease in HC levels and possible unintended pregnan-
cies. However, treatment with rifampicin is mainly used in tuberculosis manage-
ment (see 22.3.3).
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Clinical concerns of drug interactions between antimicrobials and HCs are
based primarily on case reports of unintended pregnancies or on surveys limited
severely by recall bias [39, 40]. Additionally, most pharmacists recommend alter-
native and/or additional contraceptive methods with respect to hormonal strategies
in women treated with antibiotics [40, 41]. However, these alerts may result in
interruption of HCs or poor compliance with antimicrobial regimens, leading to
possible treatment failure with either drug. In the event that no relevant drug inter-
action is present, risks of treatment failure caused by poor adherence are assumed
unnecessarily [40]. The existence of drug interactions between HC and non-rifa-
mycin antibiotics is not supported by evidence reported from a recent review [40];
thereby clinicians should be aware that most women may expect no reduction in
HC efficacy with the concomitant use of antimicrobials. Currently, evidence evalu-
ated only the potential interactions with COCs, emergency contraceptives and
vaginal ring. No data exist on the combination between antimicrobials and other
nonoral hormonal formulations [40].

20.3.4.1 Effects of Antimicrobials on HCs

Two studies [42, 43] found no increased risk of pregnancy in oral contraceptive
users treated with any type of antibiotics in comparison with women taking oral
contraceptives and not treated with antimicrobial agents. Additionally, two studies
[44, 45] found no higher odds of antibiotic use at the time of conception in women
taking oral contraceptives experienced unintended pregnancies. However, it is
important to underline that all these studies were retrospective characterized by
case-control or crossover design and showed fair to poor quality and several biases,
so the strength of the evidence is questionable.

Surrogate markers of contraceptive efficacy and pharmacokinetic data support
the evidence of the absence of relevant effects caused by the most important classes
of antimicrobials (penicillins, cephalosporins, macrolides, fluoroquinolones, tetra-
cyclines, metronidazole, azoles) currently used in outpatient treatment on hormonal
contraceptives [40, 46, 47]. Breakthrough bleeding in COCs users was reported in
two women treated with ampicillin and in two taking trimethoprim/sulfamethoxa-
zole, while a PK study reported a significant decrease in ethinylestradiol levels dur-
ing co-administration with dirithromycin, a macrolide no longer available in Europe
and the USA [40].

Some antimicrobials, including ciprofloxacin, macrolides, metronidazole, tri-
methoprim and azole antifungals, are known inhibitors of CYP450. Concomitant
use of these agents and HCs may lead to increase in ethinylestradiol and proges-
tin levels, theoretically exposing women to toxicity. Increased estrogen concen-
trations were found with the co-administration of erythromycin, dapsone and
voriconazole, while progestin levels augmented with the co-administration of
tetracycline or voriconazole (norethindrone) and erythromycin (dienogest and
ulipristal acetate) [40, 47]. However, no adverse effects were reported correlating
with the increasing in HC levels. In any case, clinicians should be aware of
potential risks produced by estrogen or progestin exposure (e.g. thrombotic risk,
weight gain, dyslipidemia).
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20.3.4.2 Effects of HCs on Antimicrobials

COCs could affect the metabolism of co-administered antimicrobials, potentially
leading to alterations in safety or efficacy profile. Increased azithromycin and vori-
conazole levels were reported with co-administration of ethinylestradiol, which
may moderately inhibit several CYP450 enzymes [40, 47]. Although ethinylestra-
diol is not known to induce CYP450 enzymes, decreased exposure of ampicillin,
cephaloridine, trovafloxacin and moxifloxacin was reported [40]. However, the
clinical relevance of these potential drug interactions in terms of toxicity or treat-
ment failure is unknown.

Overall, although current evidence is limited and incomplete, no clinically rele-
vant drug interactions between HCs and the most common antimicrobials used in
outpatient settings were reported [40]. However, clinicians should carefully monitor
HC users requiring long-term antimicrobial regimens or treatment with newer
antibiotics.

20.3.5 Antidepressants and Antipsychotics

Depression is a leading cause of global disability and morbidity. Almost 15% of
women of reproductive age in developed countries are affected by depression, and
half of them is treated with antidepressant agents [48]. Additionally, concurrent or
isolated anxiety is the most common mental health disorder, and women are 60%
more likely than men to experience an anxiety disorder [49]. Finally, unintended
pregnancies in women with a diagnosis of schizophrenia or other psychotic disor-
ders may have a major impact on the health of women and children and on the cost
of healthcare [50]. Psychiatric disorders in women of reproductive age are associ-
ated with inconsistent or misuse of HCs [51, 52]. Clinicians should be aware of the
potential drug—drug interactions involving co-administration of HCs with psycho-
tropic medications.

A recent systematic review reported clinical and pharmacokinetic studies evalu-
ating drug interactions between HCs and selective serotonin reuptake inhibitors
(SSRIs), tricyclic antidepressants (TCAs), oral benzodiazepines, bupropion, atypi-
cal antipsychotics and chlorpromazine [52]. To the best of our knowledge, no stud-
ies reported the assessment of potential drug interactions between HCs and
serotonin-norepinephrine reuptake inhibitors (SNRIs), mirtazapine, trazodone, bus-
pirone, monoamine oxidase inhibitors (MAOISs) or other traditional antipsychotics.
Actually, no published data on the potential drug interactions between psychotropic
agents and progestin-only oral contraceptives or nonoral hormonal methods are
reported.

20.3.5.1 Effects of Antidepressants and Antipsychotics on HCs

Although some psychotropic agents may inhibit different CYP450 isozymes, only
fluvoxamine (a SSRI) is a known inhibitor of CYP3A4 and 2C9, which are involved
in hepatic metabolism of ethinylestradiol and several progestins. Additionally,
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moderate or strong inhibitory effects on CYP3A4 or 2C9 enzymes were not reported
for any psychotropic drugs. Consequently, limited theoretical concern exists for any
of the antidepressant or antipsychotic drugs to significantly inhibit the metabolism of
HCs, leading to clinically relevant interactions responsible to affect contraception-
related safety [52]. A clinical study found slightly increased odds of headache in
women taking HCs concomitantly with fluoxetine compared to HCs plus placebo
users [52, 53]. Moreover, a greater psychomotor performance impairment was pro-
duced with the co-administration of alprazolam, lorazepam or triazolam in hormonal
contraceptive users, although a correlation between symptoms and pharmacokinetic
changes was not found [52-54]. Dysmenorrhoea was reported in a case of concurrent
assumption of lurasidone and association of ethinylestradiol and norgestimate,
despite no changes in pharmacokinetic parameters of the two hormones [55].

The potential for antidepressant and antipsychotic agents to induce the CYP450
enzymes, thus theoretically decreasing steroid hormone concentrations leading to
impaired efficacy, is currently unknown [52]. Four studies (one clinical and three
pharmacokinetic) investigated the potential decrease in contraceptive effectiveness
caused by drug interactions [52]. No significant differences were reported in women
treated concomitantly with HCs and fluoxetine, vortioxetine, ziprasidone or lurasi-
done in terms of unintended pregnancies or reduction in pharmacokinetic parame-
ters predictive of hormonal efficacy (namely, AUC or Cy,,). A study [56] reported
breakthrough bleeding with the concomitant use of HCs and benzodiazepines, espe-
cially chlordiazepoxide and meprobamate. Breakthrough bleeding may be used as
surrogate marker for HC efficacy, suggesting low serum hormone levels and possi-
bly impaired suppression of ovulation.

20.3.5.2 Effects of HCs on Antidepressants and Antipsychotics
Considering possible effects of HCs on psychotropic agents, it is important to
underline that ethinylestradiol inhibits CYP3A4, 1A2, 2B6 and 2C19 isozymes and
induces the glucuronidation pathway, while several progestins are weak inhibitors
of 3A4 and 2C19 isozymes, despite that their inhibitory activity was assessed only
in vitro [17].

HCs may potentially increase the exposure of different antidepressants (dulox-
etine, TCAs, mirtazapine) and antipsychotics (olanzapine, clozapine, ziprasidone)
metabolized via hepatic CYP1A2 [52]. Pharmacokinetic studies [57, 58] showed
increased exposure and decreased clearance of amitriptyline and imipramine in
women taking HCs, although the clinical relevance of these findings is unknown.
Despite that TCAs are replaced by SSRIs as first-line therapy of depression, they are
used for the management of chronic pain disorders (particularly neuropathic) and
chronic migraine, commonly affecting women of reproduction age. Given the nar-
row therapeutic window and the serious events related to TCAs toxicity, clinicians
should be aware of the potential relevance of drug interactions in women taking
HCs. Clinically significant adverse events are reported with the use of clozapine or
chlorpromazine in association with oral contraceptives, caused by metabolic inhibi-
tion of antipsychotics and increased exposure [59, 60].
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Although there is no known theoretical concern for HCs to induce CYP450
enzymes and consequently affect the efficacy of psychotropic agents [52], pharma-
cokinetic studies [61, 62] showed significant decrease of bupropion, lorazepam and
temazepam. Ethinylestradiol may inhibit CYP2B6 isozyme, involving in metabo-
lism of bupropion from prodrug compound to active metabolite. Additionally, ethi-
nylestradiol may induce glucuronidation via UGT1A1, increasing the metabolism
and clearance of oxazepam-like benzodiazepines (such as lorazepam and temaze-
pam), reducing serum concentrations and potentially clinical efficacy of these agents.

Opverall, the limited evidence on drug interactions between psychotropic agents
and HCs suggests low concern for clinically relevant interactions, although a case-
by-case risk assessment should be performed, especially with the use of TCAs and
clozapine.

20.3.6 Anticoagulants

The co-administration of anticoagulants (warfarin or direct oral anticoagulants —
DOACs) and HCs is relatively uncommon, as several conditions requiring antico-
agulant treatment occur following reproductive age [63]. However, venous
thromboembolism, including drug vein thrombosis and pulmonary embolism, may
affect also women of reproductive age, thereby needing limited or chronic manage-
ment with anticoagulants [64]. In these women, the teratogenic effects of warfarin
impose the implementation of contraceptive strategies in order to avoid the conse-
quences of unintended pregnancies. Finally, it is important to underline that estro-
gen component of combined HCs may increase the thrombotic risk, possibly leading
to impaired efficacy of anticoagulant treatment.

20.3.6.1 Effects of Anticoagulants on HCs
Both warfarin and DOACsS are not known to show inducer or inhibitory activity on
any enzymes of CYP450 system; consequently these agents are not expected to
cause clinically relevant drug interactions causing impaired efficacy or toxicity of
HCs [64].

Currently, there are no studies reporting negative effects of anticoagulants on
HCs [64].

20.3.6.2 Effects of HCs on Anticoagulants

Warfarin is metabolized by CYP450 (mainly 2C9 isozymes), and several DOACs
(namely, rivaroxaban and apixaban) are metabolized mainly via 3A4 isoform.
Ethinylestradiol inhibits in vitro CYP2C9 and other microsomal isoforms, so theo-
retically concern exists on potential relevant drug interactions leading to enhanced
anticoagulant effect and increased risk of bleeding [64]. Two case reports [63, 65]
showed significantly increased international normalized ratio (INR) without con-
comitant bleeding in women requiring anticoagulant therapy and taking COCs or
emergency contraception containing high-dose levonorgestrel. In a case series of 13
women on chronic anticoagulation for prosthetic heart valves and concomitantly
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treated with injectable medroxyprogesterone acetate, sporadic increase of INR in 3
of them was reported [66]. Finally, a PK study in ten healthy women found no rel-
evant interaction concerning CYP2C9 activity between a triphasic COC and warfa-
rin, although plasma clearance of warfarin was reduced [67]. However, the clinical
relevance of this finding is unclear.

Currently, there are no known PK drug interactions involving heparin, low
molecular weight heparin (LMWH) or DOACs and HCs [64]. Treatment with hepa-
rin and LMWHs is usually limited to the first week after diagnosis of venous throm-
boembolism, so it is unlikely that clinically relevant interactions with HCs occur
[64]. A potential PD interaction may occur with the use of HCs containing ethinyl-
estradiol and anticoagulant agents, considering the increased thrombotic risk caused
by estrogen. In this setting, ethinylestradiol may potentially affect the efficacy of
anticoagulants, although no cases are reported and clinical relevance is unknown.

Overall, despite limited data, there is little evidence showing the occurrence of
significant drug interactions with the concomitant use of HCs and anticoagulants,
including warfarin.

20.3.7 Interactions with Herbal Products
and Dietary Supplements

Use of herbal preparations and complementary/alternative medicines is common in
women of reproductive age concomitantly taking HCs [11]. Several products may
affect HC efficacy and safety. Additionally, for most herbal preparations or dietary
supplements, the effects on HCs and the impact on contraceptive failure are still
unknown [12, 13].

Unfortunately, St. John’s wort (Hypericum perforatum) is considered worldwide
a remedy for the treatment of depression, and it can induce cytochrome 3A4 iso-
zymes, leading to relevant drug interactions when co-administered with CYP450
substrates, including hormonal contraceptives [13, 68]. Evidence showed increased
risk of ovulation and breakthrough bleedings caused by decreased contraceptive
efficacy in association with Hypericum [68]. Of the 55 drug—food interactions
reported to the Netherlands Pharmacovigilance Centre Lareb, 13 reports showed the
concomitant use of Hypericum with oral contraceptives, leading to their reduced
effectiveness [13, 69].

Estrogen-containing oral contraceptives may reduce the serum levels of vitamin
B6, folic acid and magnesium [13]. Decreased absorption and increased metabolism
and clearance due to estrogen activity may cause drug—food interactions.

Several drug—herbal and drug—food interactions involving HCs may be predicted
on the basis of pharmacokinetic and pharmacodynamic of different products used in
complementary medicines, leading to impaired efficacy and unintended pregnan-
cies [12, 13]. Clinicians should be aware that not only conventional drugs but also
herbal preparations and dietary supplements may be responsible for relevant drug
interactions and adverse effects. Additionally, clinicians should carefully check all
ingredients contained in each herbal product or dietary supplement, considering that
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some may be undeclared, and the dosage in order to assess the risk of relevant inter-
actions and the safety profile.

20.4 Sources of Information on Drug-Drug Interactions

As new drugs and new indications for marketed medications are introduced and
pharmacological knowledge expands, the recognition of occurrence of drug—drug
interactions and their clinical relevance has become more difficult for clinicians.
Additionally, the high number of drug interactions makes it impossible to be aware
of all potential interactions. To fill this gap, several sources of information on drug—
drug interactions have been developed and updated regularly as clinical decision
support tools, as reported in Table 20.8 [70].

In the field of drug—drug interactions, regulatory alerts including FDA boxed
warning (in the USA; https://www.levinlaw.com/fda-black-box-warning), reports
of EMA concerning safety signals discussed each month in Pharmacovigilance Risk
Assessment Committee (PRAC) meeting (in Europe; https://www.ema.europa.eu/
en/committees/pharmacovigilance-risk-assessment-committee-prac) and Italian
Medicines Agency (AIFA; http://www.agenziafarmaco.gov.it/content/note-aifa)
remarks may provide useful and updated information. Tertiary sources may provide
established information in terms of drug interactions [70, 71]. They include the
Stockley’s Drug Interaction (the most relevant and accurate drug interaction
resource; www.medicinescomplete.com/mc/index.htm), the Meyler’s Side Effects
of Drugs (international textbook discussing adverse drug reactions and drug—drug
interactions; https://www.elsevier.com/books/meylers-side-effects-of-drugs/aron-
son), Hansten and Horn Drug Interactions (producing different textbooks on the
most common drug interactions and how to manage them; www.hanstenandhorn.
com/index.html) and Facts and Comparison (presenting detailed monographies of
drug interactions; www.factsandcomparison.com). Up-to-date (www.uptodate.
com/crlsqul/interact) is the most important electronic sources evaluating clinical
relevance and management of drug—drug interactions, characterized by close updat-
ing. Medscape (reference.medscape.com/druginteractionchecker), Micromedex
(www.micromedex.com) and Drugs (www.drugs.com/drug_interactions.html) may
provide useful information on drug interactions. Despite that Medscape Drug
Interaction Checker is widely used, caution must be exercised because it is based
primarily on drugs used in the USA and it may highlight interactions with contra-
ceptive hormones of which the clinical relevance is unknown, leading to possible
wrong decisions. Finally, specific electronic sources including Online HIV Drug
Interaction Checker (www.hiv-druginteractions.org) highlight potential drug inter-
actions between antiretroviral drugs and other agents, including HCs.

Clinicians should remember that when using any third-party resources, the deci-
sion to follow the advice rests on individual clinical judgement about the specific
risk-benefit ratio in each woman requiring treatment with HCs [71].
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Table 20.8 Advantages and disadvantages of the different sources of information on drug—drug

interactions

Source of information

on drug—drug
interactions
Regulatory alerts

(FDA boxed warning,

EMA reports, AIFA
remarks)

Stockley’s drug
interaction

Meyler’s side effects
of drug

Hansten and Horn
drug interaction

Facts and comparison

Up-to-date

Micromedex

Drugs.com

Medscape drug
interaction checker

Online HIV drug
interaction checker

Advantages Disadvantages
— Adverse drug reactions or — It is difficult to maintain an updated
relevant drug interactions overview

based on large number of
cases
— “Real-life” data

— Scant information concerning
management when both drugs are
needed for compelling clinical
reasons

— Management of several drug — Resource available only upon paid
interactions is proposed subscription

— Drug interactions with
herbal products and dietary
supplements are reported

— Most important drug
interactions and adverse
drug reactions are reported

— Textbook: may not be updated as
compared to electronic sources (last
edition 2016)

— Resource available only upon paid
subscription

— Textbook: may not be updated as
compared to electronic sources (last

— Monographies of relevant
drug interactions

— Management of common edition 2019)
drug interactions is covered — Resource available only upon paid
subscription
— Data concerning drug — Resource available only upon paid
interactions of several subscription

classes are reported

— Frequent update

— Assessment of clinical
relevance of drug
interactions

— Management of drug
interactions is covered

— Support to clinical decision
is proposed

— Free of charge

— User-friendly interface

— Data concerning adverse
drug reactions and drug
interactions of the most
important classes are
reported

— Assessment of relevance of
interaction

— Free of charge

— Used-friendly interface

— Resource available only upon paid
subscription

— Subscription resource

— Based on drugs used in the USA and
may highlight drug interactions with
medications not labelled in EU or
characterized by unknown clinical
relevance

— Based on drugs used in the USA and
may highlight drug interactions with
medications not labelled in EU or
characterized by unknown clinical
relevance

— Only drug interactions involving
antiretroviral agents

— Free of charge
— Used-friendly interface


http://drugs.com
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