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Introduction:
Purpose and Background
The purpose of this monograph is to evaluate the efficacy and tolerability of the available oral, second-generation antihistamines. The Veterans Administration’s Pharmacy Benefits Management Strategic Healthcare Group (PBM) reviewed the second-generation antihistamines including loratadine, cetirizine, and fexofenadine  in 1999.4 In addition, the PBM has individually reviewed the two second-generation antihistamines that have come to the market since the 1999 review (i.e. desloratadine and levocetirizine).1, 3  Therefore, the objective of this report is to synthesize this information into one document with the intent of aiding the Indian Health Service’s National Pharmacy and Therapeutics Committee (NPTC) in evaluating the nonsedating antihistamines for possible addition to the National Core Formulary.  
Additionally, in 2006, the Center for Evidence-Based Policy’s Drug Effectiveness Review Project (DERP) performed an in-depth systematic review of the newer antihistamines including loratadine, cetirizine, fexofenadine, and desloratadine.2  The Center for Evidence-Based Policy was established in 2003 with the mission of providing high quality, evidence-based information with the intent of aiding healthcare policy decision making.  The 2006 DERP report will also be used in this monograph given its quality and thoroughness.  The following oral antihistamines will be evaluated:
Table 1. Brand and Generic Names of Second-Generation Antihistamines

	Brand Name
	Claritin®
	Allegra®
	Zyrtec®
	Clarinex®
	Xyzal®

	Generic Name
	Loratadine
	Fexofenadine
	Cetirizine
	Desloratadine
	Levocetirizine


Allergic Rhinitis
Allergic rhinitis (AR) is estimated to affect between 8.8% and 16% of the American population and is the sixth most prevalent chronic illness.5 Some estimate the prevalence of AR to be much higher.6, 7 Although not associated with significant mortality, allergic rhinitis has a large impact on morbidity in terms of interference with normal daily activities, lost work and school days and an overall decrease in quality of life. Allergic rhinitis is associated with a classic group of symptoms including runny nose, sneezing, itchy and watery eyes, nose and throat. These symptoms may occur during certain seasons of the year such as fall and spring which is known as seasonal allergic rhinitis (SAR). Perennial allergic rhinitis (PAR), on the other hand, occurs all year long and is associated with non-seasonal allergens. The agents most commonly used to treat both types of AR are antihistamines and decongestants.5
Chronic Idiopathic Urticaria
Chronic idiopathic urticaria (CIU) is defined as the occurrence of wheals (i.e. hives) for a duration of at least 6 weeks and is estimated to occur in 0.1 to 3% of the population. Its primary manifestation is smooth, edematous wheals surrounded by a red flare. The presence of wheals is accompanied by intense itching and is associated with high morbidity.8
Pathophysiology
Histamine plays an important role in the pathophysiology of allergic rhinitis and chronic idiopathic urticaria. Histamine is found in the highest concentrations in the lungs, mast cells, and basophils. Exposure to a sensitizing allergen results in the attachment of IgE molecules to the cells causing release of histamine and other inflammatory mediators. The actions of histamine at the H-1 receptor produce the classic symptoms of an allergic response: pruritus and wheal and flare reactions of the skin; bronchoconstriction and mucus production in the lungs; irritation and congestion in the nose.9
Background of Antihistamines
Antihistamines were developed as receptor antagonists to block histaminic activity at the H-1 receptor. They are categorized into two classes: first-generation or second-generation. First-generation antihistamines such as triprolidine, diphenhydramine, chlorpheniramine, clemastine, or hydroxyzine may cause somnolence, central nervous (CNS) system dysfunction, and anticholinergic side effects. The second-generation antihistamines, also known as the non-sedating antihistamines, were created to minimize these side effects and include astemizole, terfenadine, desloratadine, loratadine, levocetirizine, cetirizine, and fexofenadine (a metabolite of terfenadine). For the purposes of this document, second-generation antihistamine and nonsedating antihistamine will be used interchangably. The possibility of serious cardiovascular events led to the removal of terfenadine and astemizole from the market. Although fexofenadine is a major metabolite of terfenadine, adverse cardiovascular events have not been associated with fexofenadine administration.  This review will focus on the currently available second-generation antihistamines desloratadine, loratadine, levocetirizine, cetirizine, and fexofenadine. 
Pharmacology/Pharmacokinetics:
The five agents under review differ in their pharmacokinetic and pharmacodynamic properties. The duration of antihistaminic activity is not based entirely on serum half-life because of the presence of active metabolites and high tissue to plasma concentrations. A prolonged duration of action allows for once daily dosing for all agents except fexofenadine, although even fexofenadine may be dosed once daily when the 180mg dose is prescribed. The following table provides a comparison of various pharmacokinetic and pharmacodynamic properties of the five agents.
Table 2. Pharmacokinetic and Pharmacodynamic Properties of the Second-Generation Antihistamines10-14
	Property
	Loratadine
	Fexofenadine
	Cetirizine
	Desloratadine
	Levocetirizine

	Onset (min)
	60-180
	60
	15-30
	180
	60

	Peak Effect (h)
	8-12
	2.6 
	1
	3
	1

	Duration (h)
	>24
	≥12
	24
	>24
	24

	Adjustment in Renal/Hepatic disfunction  
	Y/Y
	Y/N
	Y/Y
	Y/Y
	Y/N

	Metabolism
	extensively via CYP2D6 and 3A4 to active metabolite
	minimal 
	minimal
	hepatic to active metabolite, CYP + glucuronidation
	minimal (<14%)

	T1/2 (h)
	12-15
	14.4
	8
	27
	children ≈ 6
adults ≈ 8.5

	Excretion
	urine (40%), feces (40%) as metabolite
	urine (11%), feces (80%) unchanged
	urine(70%), feces (10%)
	urine, feces    equal distribution
	urine (85%), feces (13%)


Of Note:

Given that it takes 3 to 5 half lives to reach an appreciable steady state in the body (90 to 96.9% respectively), it would take 1.75 to 3 days for loratadine and fexofenadine to reach steady state, 3 to 5.6 days for desloratadine, and 1 to 1.7 days for cetirizine and levocetirizine. Some efficacy trials are only of one to two days duration and therefore are of limited value given that steady state may not be reached in such a short time. Therefore the results of these trials will generally be biased towards the agents with the shorter half lives (i.e. levocetirizine and cetirizine).  
FDA Approved Indications:
Table 3 lists the FDA approved indications for each of the 5 antihistamines under review.  An “X” indicates an FDA approved indication. 

Table 3. FDA Approved Indications for Second-Generation Antihistamines15
	Indication
	Loratadine
	Cetirizine
	Fexofenadine
	Desloratadine
	Levocetirizine

	Seasonal AR
	X
	X
	X
	X
	X

	Perennial AR
	No indication
	X
	No indication
	X
	X

	CIU
	X
	X
	X
	X
	X

	Pediatric AR and CIU
	SAR and CIU

≥ 2 years old
	PAR/CIU ≥ 6 months old, SAR ≥ 2 years old
	CIU ≥ 6 months old, SAR ≥ 2 years old
	SAR/PAR/CIU    ≥ 6 months old
	PAR/CIU ≥ 6 months old, SAR ≥ 2 years old


Current National Core Formulary Alternatives:
There are currently no antihistamines on the IHS National Core Formulary.
Dosage and Administration:
Table 4. Dosing and Administration

	Drug
	Usual Dose
	Renal Dysfunction
	Hepatic Dysfunction

	Loratadine10
	10mg daily                      on an empty stomach
	CrCl ≤ 30 ml/min:

10mg every other day
	10mg every other day

	Cetirizine12
	5mg or 10mg daily       with or without food
	CrCl =11-31 ml/ min

and hemodialysis pts: 5mg daily
	5mg daily

	Fexofenadine13
	60mg twice daily

180mg once daily

with or without food
	CrCl <80 ml/min:

Initial 60mg daily
	No adjustment required

	Desloratadine11
	5mg daily

with or without food
	5mg every other day
	5mg every other day

	Levocetirizine14
	2.5mg or 5mg daily

with or without food
	CrCl (ml/min)      Dose
     50-80
2.5mg qd


30-50
2.5mg qod


10-30
2.5mg biw


<10      Contraindicated
	No adjustment required


Efficacy:
This report does not contain an exhaustive review of all the clinical efficacy evidence of the second-generation antihistamines. Rather, this report will summarize the conclusions provided by the VA Medical Advisory Panel in their various reports as well as those in the DERP report.  See Table 5 below:
	Report
	Conclusions

	
	SAR
	PAR
	CIU

	PBM 19994
Non-sedating Antihistamines
	cetirizine = loratadine = fexofenadine
	cetirizine = loratadine = fexofenadine
	loratadine = cetirizine

	PBM 20033
Desloratadine
	Desloratadine = fexofenadine
	No comparative trials
	No comparative trials

	DERP 20062
Newer Antihistamines
	fexofenadine = cetirizine loratadine = cetirizine loratadine = fexofenadine
	Insufficient evidence on comparative effectiveness to draw a conclusion
	· Loratadine may be superior to cetirizine for TSS
· Cetirizine may be superior to fexofenadine for improvement in symptoms

	PBM 20091
Levocetirizine
	levocetirizine superior to desloratadine and loratadine

but both were 2 day trials
	Levocetirizine = loratadine
	No comparative trials


 Table 5. Summary of efficacy conclusions from the VA PBM and the DERP

In their discussion regarding the conclusion of the superiority of levocetirizine to desloratadine in SAR, the PBM mentioned that the trials were of short duration and levocetirizine appears to have a more rapid onset.  They also pointed out that the trials were relatively small in number and larger, longer trials are needed to draw firm conclusions. To get more information on the methodology of the trials used to make the conclusions above, please see the individual reports.  
Given that there has not been a complete review of the second-generation antihistamine class since 2006, some of the more recent trials that could not be included in the analyses mentioned in Table 5 are reviewed below:  
Levocetirizine vs. desloratadine
1. In a small, 6-week, comparative trial of levocetirizine 5mg or desloratadine 5mg alone or in combination with montalukast the authors calculated comparative efficacy of levocetirizine and desloratadine in PAR.16  They found no statistically significant difference between the two drugs although levocetirizine was slightly more efficacious overall. 
2. A large, 4-week, comparative study published in 2009 gives the most information about levocetirizine vs. desloratadine for CIU.17  This was a direct head-to-head trial of levocetirizine 5mg (n=438) and desloratadine 5mg (n=448).  The trial lasted for four weeks and found that levocetirizine reduced both pruritus severity and duration as well as CIU composite scores statistically significantly more than desloratadine at 4 weeks (p = 0.004 for pruritus severity, p = 0.009 for pruritus duration, and p < 0.05 for mean CIU composite score).  The p-values for these comparisons were similar at one week.  This trial provides the best comparative evidence between levocetirizine and desloratadine in CIU to date.  

3. In a small, 4-week, comparative study of levocetirizine 5mg or desloratadine 5mg on reduction in nasal symptoms, airflow, and allergic inflammation, both were superior to placebo.18  Although no direct comparison calculations were performed, looking at the graphs provided in the text, levocetirizine appears to be slighted more effective than desloratadine. Nonetheless, given the small number of participants, the difference probably was not statistically significant. 
4. A small, single-dose study comparing levocetirizine 5mg and desloratadine 5mg concluded that even small doses (i.e 1.25mg) levocetirizine were more efficacious than desloratadine 5 or even 10mg in histamine-induced wheal-and-flare suppression.19  This is not surprising given the much longer half life of desloratadine.  The results of this trial, when viewed in the context of the trials reviewed in this section, only reiterates the fact that levocetirizine has a faster onset of action than desloratadine.  

Levocetirizine vs. cetirizine
1. In a small, 12 week, comparative trial in children ages 6 – 12 with PAR comparing levocetirizine 5mg and cetirizine 10mg concluded that cetirizine was more effective than levocetirizine for reducing total symptom scores at 8 and 12 weeks (p = 0.039 and p = 0.015 respectively).20
2. A small, 6 week trial that compared levocetirizine 5mg and cetirizine 10mg by wheal, flare, and itch response in an allergy clinic concluded that both were equal in wheal and flare reduction, but levocetirizine was superior in suppression of itching (p<0.005).21
Desloratadine vs. fexofenadine
1. A large, 15-day study compared desloratadine to fexofenadine in SAR.22  The study had three arms: fexofenadine 180mg (n=288), desloratadine 5mg (n=290), and placebo (n=144).  The authors concluded that desloratadine was not inferior to fexofenadine for the treatment of SAR in adolescents and adults.
2. A small, single-dose study comparing desloratadine 5mg, fexofenadine 180mg, and placebo concluded that fexofenadine was superior to desloratadine in histamine-induced wheal-and-flare suppression.23 This is not surprising given the much longer half-life of desloratadine.  The results of this trial, when viewed in the context of the other trials described in this section, only reiterates the fact that fexofenadine has a faster onset of action than desloratadine.  

Efficacy Summary
Below is a condensed summary of all the evidence regarding the use of second-generation antihistamines in SAR, PAR, and CIU.
	Final Conclusions

	SAR
	PAR
	CIU

	No good evidence to suggest that one antihistamine is more efficacious than the other.
	No good evidence to suggest that one antihistamine is more efficacious than the other.
	· Loratadine may be superior to cetirizine for reduction in TSS
· Cetirizine may be superior to fexofenadine for improvement in symptoms
· Levocetirizine may be superior to desloratadine for  reduction in pruritus severity and duration as well as CIU composite scores


Table 6. Comparative efficacy of second-generation antihistamines in SAR, PAR, and CIU


Adverse Events:
Adverse events reported for all of the antihistamines in this review are generally low and not statistically significantly different from placebo. Also, the trials usually have few dropouts.1-4, 15 Table 7 compares all five non-sedating antihistamines in the two adverse event categories where there has been some difference seen from placebo. The difference is most pronounced in cetirizine and levocetirizine.   
          Table 7. Adverse effects of 2nd generation antihistamines (% patients/placebo)

	Drug (dosage)
	Somnolence
	Fatigue

	Loratadine 10mg/day24
	8/6
	4/3

	Cetirizine 10mg/day12
	13.7/6.3
	5.9/2.6

	Fexofenadine 180mg/day13
	<2
	<2

	Desloratadine 5mg/day11
	2.1/1.8
	2.1/1.2

	Levocetirizine 5mg/day14
	6/2
	4/2


Somnolence and Fatigue
Somnolence and fatigue appear to be the one point in which the newer antihistamines differ. As can be seen in Table 7 above, cetirizine and levocetirizine produce significantly more somnolence and fatigue when compared to placebo than do the remaining three antihistamines. Although the absolute rates are still relatively low, cetirizine and levocetirizine caused more than twice the rate of somnolence and fatigue than did placebo. Cetirizine is more sedating than loratadine and there is some evidence to suggest that it is also more sedating than fexofenadine.2 A couple of studies comparing levocetirizine to desloratadine have not shown a difference in the amount of reported somnolence.19, 25    

Interestingly, the Federal Aviation Administration (FAA) permits the use of loratadine without restriction.  Fexofenadine and desloratadine are also authorized for Air Traffic Control and flight deck use after a ground test of 48 hours free of side effects. Cetirizine and levocetirizine are not currently approved by the FAA for use during flight duty and a 24 hour grounding period is required following the last dose.26 

Cardiac

The most severe adverse effect of second-generation antihistamines is torsades de pointes (TdP). Torsades is a polymorphic ventricular tachycardia that occurs in the setting of marked prolongation of the QT interval.27, 28  This adverse effect can occur as a result of combining terfenadine or astemizole with drugs (erythromycin, ketoconazole, clarithromycin, nefazodone, etc.) known to inhibit their metabolism via the cytochrome P-450 3A4 enzyme system (CYP3A4). Inhibition of CYP3A4 leads to increased levels of terfenadine and astemizole and their metabolites producing quinidine like effects and cardiac toxicity. Because of their potential cardiac toxicity, terfenadine and astemizole were removed from the market in 1997 and 1999 respectively. CYP3A4 inhibitors also decrease loratadine's metabolism which raised concern about its safety. Althought, increased concentrations of loratadine increase sedation and CNS side effects, it doesn’t appear to lead to torsades or any other tachyarrhythmia.10 This also appears to be true of desloratadine.11 Fexofenadine has also never been linked with arrhythmias despite being one of the major metabolites of terfenadine.13, 27    

In a cohort study of five different antihistamines, cetirizine was associated with an increased risk of arrhythmias compared to no use with a relative risk of 7.9 (p<0.05). Loratadine was also associated with in increased risk of arrhythmias with a relative risk of 3.2, but this result did not reach statistical significance.29 Although the relative risks from this study appear large, the rate of arrhythmias was only 3.6 per 10,000 person years. This translates into a 0.036% chance per year of developing an arrhythmia while using cetirizine. The results from the aforementioned study are somewhat blunted by another single blind study of patients with congenital long QT syndrome given cetirizine 10mg and healthy volunteers given 50mg.30  Electrocardiograms (ECGs) were performed when stable plasma concentrations were reach. No changes in the QT interval were detected in either group. Another study of  levocetirizine at supratherapeutic doses showed no increased risk of prolongation of the QT interval.31  
Headache
Headache is commonly reported as an adverse event in clinical trials of antihistamines, but when all trials are taken into consideration there is no statistically significant difference between the treatment group and placebo for any of the second-generation antihistamines.1-4
Adverse Events Summary 

All the newer antihistamines have low rates of adverse events. Levocetirizine and cetirizine have statistically and clinically significantly higher incidence of somnolence and fatigue when compared to placebo

Precautions/Contraindications:
Table 8. Warnings/precautions and contraindications of 2nd generation antihistamines

	Drug
	Warnings/Precautions
	Contraindications

	Loratadine10
	· The package insert mentions one 18 month study in rats and mice given 10 and 3.6 times normal doses that showed an increase in hepatocellular tumors.  The clinical significance of this finding in humans is not known but the FDA and other world agencies have issued statements that indicate that they do not believe these results are likely to manifest in humans32  
	· Known hypersensitivity to loratadine or any other ingredient of Claritin®

	Cetirizine12
	· Avoid activities that require mental alertness such as driving or operating machinery.  
· Avoid concomintant use with alcohol or other CNS depressants
	· Known hypersensitivity to cetirizine, hydroxyzine, or any other ingredients of Zyrtec®

	Fexofenadine13
	· ALLEGRA ODT contains phenylalanine, a component of aspartame
	· Known hypersensitivity to fexofenadine or any other ingredient of Allegra®. 
·  Cases of chest tightness, angioedema, dyspnea, flushing, and anaphylaxis have been reported

	Desloratadine11
	· See information on loratadine as the package insert references the same study
	· Known hypersensitivity to desloratadine, loratadine, or any other ingredients of Clarinex®

	Levocetirizine14
	· Avoid activities that require mental alertness such as driving or operating machinery.  
· Avoid concomintant use with alcohol or other CNS depressants
	· Known hypersensitivity to levocetirizine or cetirizine or any other ingredients of Xyzal®.  

· CrCl < 10 ml/min or hemodialysis.  

· Children aged 6 -11 with renal impairment.


Cancer 
In addition to the studies mentioned in the loratadine and desloratadine package inserts, one other study conducted on loratadine at therapeutic doses in mice showed increased growth of tumors.33 This study was conducted in 1994 and the study mentioned in the loratadine package insert must have been conducted before the year 2000 since the package insert was last updated that year. Taking into consideration that these studies were conducted over 10 if not 15 years ago, millions of people have taken loratadine worldwide since it came to market, no other studies address this issue since the 1994 publication, and no human link has been established, there is probably little chance that loratadine increases cancer risk in humans.    
Renal Impairment
Caution must be taken with all of the antihistamines reviewed in this document.  See the dosing and administration section for renal dosing information.
Hepatic Impairment
Caution must be taken with loratadine, cetirizine, and desloratadine.  See the dosing and administration section for hepatic dosing information.

Elderly
· Loratadine – no adjustment necessary.10
· Cetirizine – start at a dose of 5mg/day in patients >76 years old.12

· Fexofenadine – In CIU and SAR start at 60mg daily; adjust for renal impairment.15
· Desloratadine – No adjustment necessary, but use caution in dose selection given the greater frequency of decreased renal, hepatic, and cardiac function in elderly patients.11
· Levocetirizine – Use caution when dosing and usually start at the low end of the dosing range given the greater frequency of decreased renal, hepatic, and cardiac function in elderly patients.14
Pregnancy and Lactation
Rhinitis affects more than 20% of women and is one of the most common problems experienced during pregnancy.34 Table 9 delineates the FDA category and recommendations for each of the newer antihistamines in pregnancy. It also makes reference to studies that have included pregnant women.

	Drug
	Pregnancy
	Lactation

	Loratadine
	· FDA Category B – no teratogenicity seen in animal studies

· Two perspective studies did not detect increased teratogenicity and were powered to detect a 3 and 3.5 fold increase in events35, 36
	· Enters breast milk/not recommended

· AAP rates as “compatible”

	Cetirizine
	· FDA Category B – no teratogenicity seen in animal studies

· One perspective study did not detect increased teratogenicity and was powered to detect a 2 fold increase37
	· Enters breast milk/not recommended

	Fexofenadine
	· FDA Category C – Decreased fetal weight gain and survival were observed in animal studies
	· Excretion in breast milk unknown/use caution

· AAP rates as “compatible”

	Desloratadine
	· FDA Category C 
	· Enters breast milk/not recommended

	Levocetirizine
	· FDA Category B – no teratogenicity seen in animal studies
	· Excretion in breast milk unknown/not recommended


Table 9. Second-generation Antihistamines in pregnancy and lactation38
One reviewer suggests using loratadine or cetirizine when chosing a second-generation antihistamine for use in pregnancy given that they have the most data available and have an FDA category rating of B.34 This seems reasonable since they both have prospective studies that have not shown increase risk of fetal harm although the power is lacking. Despite the few trials that are mentioned above, it is recommended, with the exception of fexofenadine, that all of the second-generation antihistamines only be used if clearly needed.15 One must keep in mind that there is much more evidence available for the first-generation antihistamines in pregnancy and they should probably be recommended before trying a second-generation agent.34  
Look-alike/Sound-alike Error Risk Potential:15 
Clarinex® - 
Celebrex®, Claritin®
Desloratadine - loratadine

Claritin® - 
clarithromycin, Claritin™ Eye (ketotifen), Clarinex®
Loratadine - desloratadine

Allegra® - 
Viagra®

Fexofenadine – fesoterodine, phentermine
Xyzal® - 

Hyzaar®, Trexall®, Xanax®, Xenical®, Lexxel®

Levocetirizine2 – cetirizine, levocarnitine, levothyroxine, levetiracetam
Zyrtec® - 
Lipitor©, Serax®, Xanax®, Zantac®, Zerit®, Zocor®, Zyprexa®, Zyrtec-D®,     Zyrtec® Itchy Eye (ketotifen)

Cetirizine - levocetirizine

Drug Interactions:
The peripheral H-1 receptor blocking agents or second-generation antihistamines generally do not worsen the central nervous system side effects when used in combination with alcohol or other CNS active drugs. However, in two studies, a single dose of cetirizine 10 mg affected driving performance similar to that seen with alcohol. In addition, the effects of alcohol and cetirizine may be additive.

Loratadine10
Significant increases in plasma concentrations of loratadine were observed after co-administration with usual doses of erythromycin, cimetidine, and ketoconazole. Although concentrations of loratadine and its metabolite were increased, no clinically significant changes in QTc interval, EKG, or adverse effects were seen. 
Cetirizine12
No significant drug interactions have been seen with azithromycin, pseudoephedrine, ketoconazole, erythromycin, or low dose theophylline. A 16% decrease in metabolism of cetirizine was observed with a dose of theophylline 400 mg. It is unknown whether higher doses of theophylline may decrease clearance of cetirizine further. 
Fexofenadine13
In two separate studies, fexofenadine 120 mg bid was co-administered with erythromycin 500 mg every 8 hours or ketoconazole 400 mg daily for 7 days. Peak plasma concentrations and area under the curve for fexofenadine increased, but no difference in adverse effects or QTc interval was noted in the individuals receiving erythromycin or ketoconazole plus fexofenadine compared to those taking fexofenadine alone. 
Desloratadine11
In two separate controlled, crossover studies, desloratadine 7.5mg daily (1.5 times the recommended dose) was administered with erythromycin 500mg every 8 hours and ketoconazole 200mg every 12 hours for 10 days. In three separate studies, desloratadine 5mg daily was administered with either azithromycin 500mg then 400mg daily for 4 more days or fluoxetine 20mg daily (after a 23 day pretreatment period) for 7 days. All five studies were conducted in healthy men and women. Although the AUC of desloratadine and 3-hydroxydesloratadine increased as much as 45 and 72% respectively, no changes in the safety profile of desloratadine were noted as assessed by vital signs, ECG, laboratory tests, and adverse events.    

Levocetirizine14
In vitro drug interaction studies have indicated that levocetirizine is unlikely to produce or be subject to inhibition or induction of hepatic enzymes. Levocetirizine concentration well above the Cmax achieved with therapeutic dosing did not inhibit CYP 1A2, 2C9, 2C19, 2A1, 2D6, 2E1, and 3A4, nor induce UGT1A or CYP 1A2, 2C9 and 3A4. No formal in vivo studies have been performed on levocetirizine, but some in vivo studies have been performed on the racemic mixture of cetirizine. See above.  
Drug Interactions Summary

Although loratadine, fexofenadine, and desloratadine are affected by CYP enzyme inhibitors, the subsequent increased serum concentrations do not always translate into increased side effects or ECG changes. Levocetirizine and cetirizine appear to be affected very little by CYP enzyme inducers and inhibitors.
Conclusions:
Below are list of conclusion that may be drawn from the information contained in this monograph. The top choices from each section are listed. Table 10 is a graphical representation of these conclusions.
· Onset of action – levocetirizine or cetirizine

· FDA approved indications –desloratadine has the broadest age range within the FDA approved indications followed by levocetirizine, or cetirizine, which only differ from desloratadine in the approved ages for use in pediatric patients.
· Administration/Dose adjustments – fexofenadine requires the least adjustment, but desloratadine, loratadine, and cetirizine are not difficult either.  Because of its renal dosing schedule, levocetirizine is less desirable in this category.

· Efficacy – there appears to be no clear winner for any of the indications, but in CIU loratadine may be superior to cetirizine for reduction in total symptom score, cetirizine may be superior to fexofenadine for improvement in symptoms, and levocetirizine may be superior to desloratadine for reduction in pruritus severity and duration as well as CIU composite scores.   
· Adverse Events – fexofenadine, loratadine, or desloratadine
· Pregnancy – cetirizine or loratadine
· Drug interactions – cetirizine and levocetirizine > desloratadine, loratadine, or fexofenadine (cetirizine and levocetirizine are better than the other three, but the interactions of the other three should not exclude them from this category)
Table 10. Graphical representation of conclusions

	Drug
	Onset of Action
	FDA Indications
	Administration/ Dose adjustments
	Efficacy
	Adverse Events
	Pregnancy
	Drug Interactions

	Loratadine
	-
	-
	+
	+
	+
	+
	±

	Cetirizine
	+
	+
	+
	+
	-
	+
	+

	Fexofenadine
	-
	-
	+
	+
	+
	-
	±

	Desloratadine
	-
	+
	+
	+
	+
	-
	±

	Levocetirizine
	+
	+
	-
	+
	-
	-
	+


Based on comparative and placebo-controlled studies, the efficacy of loratadine, cetirizine, fexofenadine, desloratadine, and levocetirizine can be considered superior to placebo and similar to each other.  The differences between these agents lie in their onset of action, FDA indications, ease of administration/dose adjustments, adverse events, evidence in pregnancy, and drug interactions. Although there is very little in the way of evidence to make a clear recommendation one way or the other, loratadine and cetirizine do gain a slight edge over the others in that they have more evidence in pregnancy. Further, loratadine has a slight advantage over cetirizine because it causes less sedation and can truly be identified as a non-sedating antihistamine.  

Although cetirizine has a quicker onset of action and less drug-drug interactions than loratadine, these may be of little clinical consequence. Loratadine’s package insert indicates a dose-related increase in somnolence for doses of two to four times that of the recommended dose.10 Only strong cytochrome P450 3A4 inhibitors increase the AUC of loratadine to this degree. Although dose adjustments would need to be made, even an increase in the AUC of loratadine of 300% as is seen when in combination with ketoconazole only puts the patient at risk of somnolence and little else.10 Additionally, the fact that loratadine has a slower onset of action almost becomes a mute point when considering that the indications for use all involve treatment of conditions that usually last at least a couple of weeks in the case of SAR and are perennial in the case of CIU and PAR.

Recommendations:
Loratadine appears to provide the best benefits to risks ratio, but cetirizine may also be considered as it also has a slight overall advantage over the other second-generation antihistamines.  
Adapted and updated by: Nicholas Sparrow, PharmD; Claremore Indian Hospital
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