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Abstract
Background:

Drug interactions occur due to the simultaneous administration of pharmacological agents that affect the
efficacy of concomitant drugs.

Objective:
Estimate the prevalence of CYP3A4 enzyme-mediated drug interactions in a tertiary care hospital along with
a focus on clinical significance.

Materials and Methods:

An observational cross-sectional study was conducted over three months. A total of 180 patients with
polypharmacy and two or more CYP3A4-mediated drugs in the prescription were included. Data collected
from patient case sheets and drug-drug interactions were analyzed using Micromedex, SuperCYP database,
and literature along with consideration of personal habits (smoking and alcohol).

Results:

Among 180 patients, 132 CYP3A4-mediated drug interactions were noted. The prevalence of CYP3A4
interactions was 50.56%, with 40.56% being drug-drug interactions, 10.5% drug-alcohol interactions, and
1.66% food-drug interactions. The most common combination of interacting drugs and clinical factors
associated with interacting drugs were reported. Clinically significant interactions were observed in 13 patients.

Conclusion:
We estimated the prevalence of CYP3A4 enzyme-mediated drug interactions both potential and clinically
significant, and reported accordingly. The prescriber’s understanding of CYP3A4-associated drug-drug
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interactions and the recognition of resultant consequences constitutes the primary approach for reducing patient
distress, by timely interventions.

Keywords: Drug interactions, Cytochrome P450, CYP3A4, Drug metabolism, Potential interaction,
Clinically significant interaction.

Introduction

Drug interactions occur due to simultaneous administration of pharmacological agents that will affect
the efficacy of concomitant drugs. Outcomes of these interactions may vary clinically with some interactions
causing serious adverse effects and some showing negligible clinical significance.l'! Actual estimation of
prevalence of drug-drug interactions is difficult to establish and quantify because not all patient will experience
the outcome of drug interaction even when taking a combination of drugs that are known to interact. Hence,
we should distinguish between potential drug interactions and clinically relevant drug interactions. Recent
systematic evaluations indicate a diverse range of prevalence rates, with clinically evident DDIs cited at 9.2%,
and potential DDIs in non-ICU contexts at 33%, whereas ICU cohorts show a prevalence of 67%.! . One in
ten individuals in the total Slovenian population is exposed to clinically relevant potential DDIs. Metabolic
breakdown of drugs by specific enzymes is called as Biotransformation of a drug.
The most common drug metabolizing enzymes belongs to Cytochrome-P450 family. There are more than 50
CYP450 enzymes, but the CYPIA2, CYP2C9, CYP2C19, CYP2D6, CYP3A4, and CYP3AS5 enzymes
metabolize 90 percent of drugs. The primary site of expression of CYP-450 enzymes is liver followed by
kidney, placenta, adrenal gland, gastrointestinal tract, and skin. CYP-mediated drug metabolism not only
transforms lipophilic products into hydrophilic products that aid in elimination but also significantly influences
treatment outcomes by altering drug action, safety, bioavailability, and drug resistance through metabolism. *!
Patients with chronic illness and comorbid conditions need multiple medications for better prognosis. In
clinical practice it is common to provide many drugs concurrently to attain medication adherence although this
may be a clinical strategy but it will increase the likelihood of causing drug-drug interactions.') CYP mediated
metabolism is the primary route for drug elimination simultaneously more than one drug compete for same
CYP enzyme resulting in CYP mediated drug-drug interactions.”) The major mechanisms by which CYP
enzymes mediated drug interactions are by Inhibition and induction that are further categorized to reversible
(competitive or non-competitive) and irreversible mechanisms.
CYP mediated induction is one of the major concerns in clinical practice due to many reasons. The primary
being reduction in therapeutic efficacy of co-administered drug by accelerating drug excretion and lowering
its concentration. % As stated by Kazuhisa Kusuki etal Rifampicin induces CYP3A4 expression and accelerates
metabolism of glucocorticoids. Thus, hydrocortisone dosage should be increased when a patient is treated with
rifampicin. [”) Majority of DDIs were due to CYP mediated drug inhibition that usually results in increased
drug concentration sometimes above the normal therapeutic window resulting in increased probability of
occurrence of adverse events in the patient. (! The pharmacist intervention made by Jayson P Jessop etal
suggested changing atorvastatin to pravastatin in order to reduce the risk of statin-associated adverse drug
events (ADEs) caused by CYP3A4 inhibition, and changing fluoxetine to citalopram in order to reduce the risk
of uncontrolled anxiety and depression and to mitigate drug-drug interactions with carvedilol to reduce the risk
of orthostatic hypotension in a 70year old woman. !
Among all the CYP enzymes CYP3A4 is the most common enzyme responsible for metabolism of about
SOpercent of total drugs available in the market. A review by Jacob George etal revealed a significant decrease
in the activity of CYP3A4 due to aging and other chronic conditions including renal impairment in elderly
patients leading to circulation of toxins in the body and it also emphasized on epigenetic transformations in
elderly. "% Around 80 percent and 40 percent of CYP3A4 is widely distributed along liver and small intestine
and are simultaneously involved in first pass metabolism. '] Studies have shown that several nuclear receptors
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play an important role in the induction of CYP3A4, Pregnane X receptor (PXR), constitutively androstane
receptor (CAR), HNF4, glucocorticoid receptor (GR), or vitamin D receptor are most common among them.
PXR forms a complex with CYP3A4 and usually gets activated by steroids, antibiotics, antimycotics, bile
acids, and hyperforin, a constituent of the herbal antidepressant St. John's Wort. [!2] The impact of substance
abuse, especially alcohol consumption, on various aspects of disease pathogenesis and treatment is well
documented in the literature.

Chronic alcohol consumption leads to liver injury, brain damage, dyslipidemia and other cardio-vascular
complications. Even low levels of alcohol consumption results in premature aging of brain. Research have
shown that chronic alcohol exposure results in CYP3A4 activation through increased content of CYP2EI1
which has high catalytic activity with ethanol, which indicated that CYP3A4 may play a role in ethanol
metabolism. A retrospective study conducted by Xiaoqing Jia etal revealed that there is a strong relation
between alcohol consumption and CYP3A4 polymorphism.

A significant proportion of individuals consume alcohol and at the same time take medications for any of the
underlying medical conditions. The drugs may be prescription drugs or over the counter drugs but both have a
potential to interact with alcohol affecting the dynamics or fate of drug action in the body. For example, Alcohol
enhances the metabolism of acetaminophen into a toxic product potentially causing liver damage. '3l
Regarding food-drug interactions pharmacist recognize that when some food and drugs are taken
simultaneously can alter body’s ability in utilization of drug resulting in adverse or sub therapeutic effects.
According to a review by MT Holmberg etal therapeutic efficacy of clopidogrel involves metabolic activation
by CYP2C19 and CYP3A4 and regular use of grapefruit juice results in impaired bioactivation of clopidogrel
effecting the anti-platelet effect of drug. [!>!¢ The present study was carried out to estimate the prevalence of
CYP3A4 enzyme mediated drug interactions in a tertiary care hospital along with focus on clinical significance
and relevance of literature related documentation in a clinical setting.

Materials and Methods

Study design:

This Observational cross-sectional study was performed after the approval from Institutional Ethics Committee
at Santhiram Medical College and General Hospital, Nandyal, Andhra Pradesh. The study was carried out for
a period of three months in the inpatient department of Santhiram General Hospital. A total of 180 patients
with polypharmacy (having five or more medications) and having two or more drugs related to CYP3A4 in
their prescription were included in the study from medicine and allied departments. Necessary information
such as age, sex, concomitantly existing diseases, prescribed drugs and information regarding past medication
history along with personal history (smoking, alcohol, substance abuse) and information regarding food taken
during hospitalization were obtained from patient case sheets and prescriptions. Data from all the prescriptions
was entered in proforma by taking the consent of patients. Based on Micromedex and Literature search drug-
drug interactions were analyzed in the prescriptions. We screened for interactions among drugs that were co-
administered and omitted others that have no similar frequency and this data is obtained from nursing notes
and case sheets followed up on a daily basis.

Subjects:

Inclusion Criteria:

The subjects 18-95 years of age, diagnosed with Cardiovascular, General medicine, Neurologic,
Nephrological, pulmonary related diseases and Psychiatry disease along with medication regimen complexity
and polypharmacy were included in the study. Patients with personal habits of Alcohol consumption and
smoking that are exposed to two or more oral agents metabolized by CYP3A4 were also included in the study.
Exclusion criteria:
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Patients were excluded if they had less than two oral medications. Special populations like Pregnant women,
lactating mothers and pediatrics are excluded from the study. Out Patient Department prescriptions were also
excluded from the study.

Data Collection:

Eligible cases were identified through case sheets of the patient. We reviewed each case file, and using a
standard form purposely designed for the study — extracted data on sex, age, concomitantly existing disease,
therapy regimen, personal habits and data related to clinical findings (laboratory investigations, imaging and
sonological evidence). We tried to follow up the patient in his whole hospital stay and update the information
regarding drug regimen, vitals and clinical examination on a daily basis for a complete picture of patient's
prognosis.

Data Assessment:

We screened the prescriptions for drug-drug interactions and potential interactions were classified based on
severity. DDI severity was classified as minor, moderate, major, contraindicated. They were analyzed for
severity through Micromedex and Literature sources. Later we use a database called as SuperCYP . It is a
comprehensive resource focused on CYP and drug metabolism. The SuperCYPsPred web server includes
machine learning model based on Random Forest algorithm, and different types of data sampling method. The
models present here discriminate the inhibitors and non-inhibitors for five major Cytochromes (CYPs)
isoforms.!'”) By using this database, we found the class of CYP enzyme responsible for drug interactions they’re
by interpreting mechanism, clinical consequences and risk associated with such potential interactions. We
estimated the prevalence of CYP3A4 mediated drug interactions along with identification of substantial
clinically significant interaction seen in patients based on monitoring parameters, clinical symptoms and patient
interview.

Statistical Analysis:

General characteristics of study population were reported as means and standard deviation (SD) and percentage
appropriately. Total number of patients exposed to CYP3A4 interactions were calculated on basis of absolute
number. The most common combination of interacting drugs was represented in terms of frequency. A sub-
analysis of interactions actually seen in patient is also conducted via Chi-square test. All analysis was
performed using MS-Excel.

Results

General characteristics of study population:

The general characteristics are reported in Fig.1. Mean age was 53.72 among which men were 76.5% and
women were 23.4% that were exposed to CYP mediated drug interactions. Out of 180 study population
64(35.5%) patients have comorbidities.
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Figurel: gender-wise distribution of patients screened CYP3A4 interactions

Out of identified 132 CYP3A4 mediated drug interactions, 101 (75.70%) interactions are observed in male
patients and 31 (23.40%) interactions in female patients.

CYP3A44 mediated drugs involved:

A total of 132 CYP3A4 mediated drug interactions were noted among 180 patients. The drug interactions were
distributed across the medicine and allied departments as follows, emergency (14.39%), general medicine
(13.63%), psychiatry (12.87%), neurology (18.93%), nephrology (15.15%), cardiology (15.15%),
pulmonology (9.84%) (Fig.2). Out of 132 potential drug interactions 13 clinically significant interactions were
observed in the patients. These interactions were identified based on available literature and through follow up
of patient on a daily basis. The drugs most frequently involved in these interactions are cardiovascular drugs,
anti-depressants, Anti-arrhythmic, anti-psychotics and certain antibiotics.
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Figure 2: Department Wise Distribution of CYP3A4 mediated Drug Interactions

Out of 132 identified CYP3 A4 mediated drug interactions, 25 (18.93%) interactions are observed in neurology,
20 (15.15%) interactions in cardiology, 20 (15.15%) interactions in nephrology, 19 (14.39%) interactions in
emergency, 18 (13.63%) interactions in general medicine, 17 (12.87%) interactions in psychiatry and 13
(9.84%) interactions in pulmonology.

Prevalence of CYP3A4 interactions:

We reported a prevalence of 50.56% of CYP3A4 mediated drug interactions potentially seen in 91 patients.
Prevalence of CYP3A4 drug-drug interactions was found to be 40.56% potentially seen in 73 patients followed
by prevalence of CYP3A4 mediated drug alcohol interactions is 10.5% seen in 19 patients. CYP3A4 mediated
food drug interactions were potentially seen in 3 patients with a prevalence rate of 1.66%. (Fig.3).
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Figure 3: Prevalence of CYP3A4 Mediated Drug Interactions

The prevalence rate of CYP3A4 mediated drug-drug interactions is 40.56%, drug-alcohol interactions is
10.50% and drug-food interactions is 1.66%.

As a part of our study, we witnessed clinical effects due to CYP3A4 mediated drug interactions in 13 patients
with a prevalence of 7.22%. the distribution of comorbidities among patients with CYP3A4 mediated potential
interactions was represented in Fig.4. Chi square analysis was performed to know the association between
comorbidities and clinically significant interactions seen in patient. We obtained p-value less than 0.05(0.304)
indicating the above-mentioned association is not statistically significant.
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Figure 4: Distribution of Comorbidities Among Patients Exposed to CYP3A4 Mediated Drug Interactions

Out of selected 91 patients having CYPP3 A4 mediated drug interactions, 64 patients have comorbidities among
which 27 (42%) patients have Hypertension, 9 (14%) patients have Diabetes Mellitus, 21 (33%) patients have
both Hypertension and Diabetes Mellitus and 7 (11%) patients have Tuberculosis.
The identified potential CYP3A4 mediated drug interactions were categorized into drug-drug, drug-alcohol,
drug-food were represented in Table No.1, Table No.2, Table No.3 respectively.

Table No.1: Most frequent CYP3A4 mediated drug-drug interactions

S. No Interacting Drugs MOA Severity | Frequenc
1 Atorvastatin & Clopidogrel inhibition moderate 26
2 Chlorpheniramine & Dextromethorphan | competitive inhibition | major 8
3 Atorvastatin & Azithromycin inhibition moderate 4
4 Acetaminophen & Isoniazid inhibition minor 3
5 Amiodarone & Levofloxacin inhibition major 2
6 Clonazepam & Valproic Acid inhibition moderate 2
7 Methylprednisolone & Tramadol inhibition major 2
8 Nortriptyline & Tramadol inhibition major 2
9 Amiodarone & Atorvastatin inhibition major 2
10 | Pyrazinamide & Rifampicin inhibition major 2
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Out of 105 identified CYP3A4 mediated drug-drug interactions, 53 (50.4%) interactions have a frequency
greater than 1, of which 18 (33.9%) interactions are major, 32 (60.3%) interactions are moderate and 3 (5.6%)
interactions are minor.

Table No.2: CYP3A4 mediated Drug-Alcohol Interactions

S.No Interacting Drugs MOA Severity Frequency
1 Alcohol & Chlordiazepoxide Inhibition Moderate 5
2 Alcohol & Propranolol Inhibition Minor 5
3 Acetaminophen & Alcohol Inhibition Major 3
4 Alcohol & Tramadol Inhibition Major 2
5 Alcohol & Clonazepam Inhibition Major 2
6 Alcohol & Alprazolam Inhibition Major 1
7 Alcohol & Amitriptyline Inhibition Moderate 1
10 Alcohol & Escitalopram Inhibition Moderate 1
11 Alcohol & Midazolam Inhibition Major 1
12 Alcohol & Nortriptyline Inhibition Moderate 1
13 Alcohol & Sertraline Inhibition Moderate 1
14 Alcohol & Cetirizine Inhibition Major 1

Out of 132 identified CYP3A4 mediated drug interactions, 24 are CYP3A4 mediated drug-alcohol interactions,
of which 10 (41.6%) interactions are major, 9 (37.5%) interactions are moderate and 5 (20.8%) interactions are

minor.
Table No.3: CYP3A4 mediated Drug-Food Interactions
S. No Interacting Drugs Mechanism Severity | Frequency
1 Lorazepam & Orange Juice Inhibition Moderate | 1
2 Alprazolam & Caffeine Competitive Inhibition | Moderate | 1
Cafteine & Chlordiazepoxide Competitive Inhibition | Moderate | 1

There are 3 identified potential drug food interactions, of which all the 3 (100%) are moderate in severity.
Clinically significant CYP3 A4 mediated drug interactions were identified in patients were represented in Table
No.4 based on severity, parameters monitored and effect seen in patient.
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Table No.4: Clinically significant CYP3A4 Drug Interactions

S. No Interacting Drugs Severity Monitoring Clinical Effect
Parameter
1. | Acetaminophen & Alcohol!'® | Major Liver Function Test Increased Alkaline Phosphate
2. | Acetaminophen & Alcohol!'® | Major Clinical Symptoms Vomiting
3. | Acetaminophen & Alcohol'® | Major Liver Function Test Increased Alkaline Phosphate
4. | Acetaminophen & Isoniazid"”! | Major Clinical Symptoms Tingling, Numbness and
Weakness
5. | Alcohol & Propranolol?! Moderate | Vitals Hypotension Was Observed
6. | Alcohol & Propranolol!®! Moderate | Clinical Symptoms Fainting Was Observed
7. | Alcohol & Zolpidem!!®! Major Clinical Symptoms Patient Was Sedative
8. | Amiodarone & Levofloxacin'?”! | Major Clinical Symptoms Ataxia Noted
9. | Clopidogrel & Nicardipine?!) | Moderate | D-Dimer Abnormal D-Dimer Levels
10. | Digoxin & Spironolactone!??! Major Electrocardiogram, Cardiac Arrythmia
Echo Cardiogram
11. | Hydrocortisone & | Major Serum Electrolytes Hypokalaemia Noted
Levofloxacin/®!
12. | Mycophenolate  Mofetil & | Moderate | Ultrasound- Flareup Of Lupus, Nephritis
Pantoprazole!**! Sonography, Clinical | Was Observed
Symptoms
13. | Phenytoin & Valproic Acid®*! | Major Clinical Symptoms Vertigo Noted

Out of 132 identified CYP3A4 mediated drug interactions, 13 (9.84%) interactions are clinically seen in
patients, of which 9 (69.2%) interactions are major and 4 (30.8%) interactions are moderate.

Discussion

In this study we tried to document the prevalence of clinically important potential DDIs. We included patient
characteristics along with drug related factors to obtain complete information of CYP3A4 mediated drug
interactions. From this study we found that potential DDIs are occurring more frequently in a clinical setting
particularly with cardiovascular drugs like Atorvastatin and Clopidogrel.l?) A significant number of
interactions were CYP3A4 mediated drug-alcohol interactions and the most common being interaction between
Alcohol and acetaminophen that involves both CYP3A4 and CYP2E1l enzymes. The above-mentioned
interaction was seen in 3 patients where the laboratory investigations revealed increased Liver enzymes levels
indicating hepatotoxicity without any hepatic comorbidities noted in patient giving us a inference that elevated
liver enzymes might be due to significant chronic exposure of patient to alcohol and Acetaminophen from a
long period of time!?”!.

A total of two patients has shown signs of drug intoxication due to CYP3A4 drug interactions. A patient of age
86 years admitted in the hospital for treatment of neurological and cardiological condition was prescribed with
digoxin and spironolactone as oral agents over a period of 4 days, the 2D-Echo had shown EF as 38% hence
was prescribed with Digoxin to treat CHF and Spironolactone was prescribed to treat oedemata condition.
Patient had shown Cardiac arrythmias after a week of concurrent administration of both drugs. We ruled out
other possible causes based on patient's conditions and hence concluded that it might be due to concomitant
administration of these drugs. (same as table reference 3) Similarly a male patient of age 20 years was admitted
in the hospital for treatment of CKD. The patient had an episode of cardiac arrest while he was hospitalized
and had recurrent seizures during hospitalization. He was prescribed with Phenytoin and Valproic acid for
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treatment of seizures. Both the drugs were administered there by resulting in development of mild nystagmus
and vertigo by the patient. Upon relevant review of medications, we inferred that the fresh complaint
experienced by patient might be clinical consequence of the interactions. Later the patient was put on anti-
vertigo medications. The following are the common patterns seen in both the patients. Both patients were put
on multiple medications(polypharmacy) and a long hospital stay (follow-up done for 1 month). The interactions
in above scenarios belong to a special category of drugs called as Narrow therapeutic drugs. NTI drugs usually
are those drugs where small differences in the plasma drug concentration leads to subtherapeutic failure or
serious adverse effects.

Special attention must be given to patients receiving such NTI drugs as there is a risk of potential drug-drug
interactions mostly due to drug pharmacokinetics hence periodic monitoring of prescriptions is necessary to
promote safety, efficacy, cost effectiveness and rationale use of drug therapy and overall minimization of
unintentional drug interactions. 28] The Chi-square test performed for comorbidities and drug interactions seen
in patients had shown no statistical significance (p value <0.05) giving us an idea on inter individual variations
among patients regarding outcome of drug interactions. These interactions can be wholly determined when we
include biogenic factors, environmental factors, drug related factors along with genomic factors.!>’!

Limitations

Errors or omissions in databases affect accuracy of drug interaction results for their reliability and
comprehensiveness which could affect the results. This study is limited to specific regional health care setting
which may not be generalized to larger populations. As it was not possible to integrate pharmacogenetic data
(genetic polymorphism e.g., poor metabolizers vs ultra rapid metabolizers), the study misses the opportunity
for advancement in personalized medicine approaches which aim to predict and prevent adverse drug
interactions based on genetic profile.

Potential directions for future research

Characterization of polypharmacy risk in critical care settings helps in developing predictive models to assess
interaction severity. Integrate pharmacogenetics into Electronic Health Records and develop guideline for
dosing in CYP3A4 genotype for real time decision making. Develop in silico methods to predict impact of
drugs on CYP3A4 by integrating tools like Clinical Decision Support Systems. Study the dynamics of CYP3A4
modulation in different patient populations by means of longitudinal studies.

Conclusion

We estimated the prevalence of CYP3A4 enzyme mediated drug interactions both potential and clinically
significant ones, and reported accordingly. The prescriber’s understanding on CYP3A4-associated drug-drug
interactions, along with the recognition of resultant consequences, constitutes the primary approach for
reducing patient distress, by timely interventions. Pharmacists can mitigate clinically relevant drug-drug
interactions through enhanced medication management via continuous monitoring and patient education.
Continuous review of prescriptions can help us identify clinically significant drug interactions in patients if not
these adverse outcomes are masked due to patient related complexities hence pharmacist plays a huge role in
clinical monitoring of drug regimen. From this study we inferred that patients with personal habits of smoking
and alcohol have higher chance of being affected by clinically significant CYP3 A4 mediated drug interactions.
Hence early detection and reporting of such potential drug-drug interactions can improve the clinical outcomes
of hospitalized patients along with promoting safe use of drugs in a clinical setting.
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