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[bookmark: _Hlk95742210]ABSTRACT 
[bookmark: _Hlk60331836]Introduction Ledipasvir/sofosbuvir is a fixed-dose combination of two antiviral drugs with different mechanisms of action. It is used to treat chronic hepatitis C genotype 1 infection in adults as a fixed-dose combination tablet containing 90 mg ledipasvir and 400 mg sofosbuvir.
Objective of the study: To assess and evaluate the actual knowledge of pharmacists in Saudi Arabia about different aspects regarding ledipasvir sofosbuvir combination. 
Method: Cross sectional survey was conducted from November 2022 to November 2023. A total of 180 pharmacists participated in the study.The inclusion criteria are to be a licensed and currently practicing pharmacist or clinical pharmacist and exclusion criteria is being pharmacist technician or pharmacist aid. Data collection was carried out using a questionnaire, especially designed for this study. The questionnaire was divided into 2 parts. Data were analyzed using excel Categorical variables using frequency distribution and percentages.
Results:In this study 34 % of pharmacists were community pharmacists while 50% were hospital pharmacists. Males accounted for 52% of pharmacists.Highest proportion (58%) of the participants were in the age group (25 to 30 years) and majority (72%) had one to five years of practice years. The average of good knowledge about indications, dosage and administration of ledipasvir-sofosbuvir equal 57%.The average of good knowledge about drug interactions of Ledipasvir-sofosbuvirequal 54%.The average of good knowledge about drug interactions of Ledipasvir-sofosbuvirequal 58%.The overall average of good knowledge (correct answers) of all pharmacists included in the study regarding ledipasvir-sofosbuvirequal 56%.
Conclusion: As a conclusion, large proportion of the study sample lack adequate knowledge in certain important aspects of ledipasvir sofosbuvir which is an FDA approved interferon-free regimen for patients with chronic HCV. This might negatively affect the role of pharmacists in patient counseling and education. 
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 INTRODUCTION 
Hepatitis C virus (HCV) affects approximately 170 million people globally, with 3.2 million chronically infected in the United States.1 Patients with untreated acute HCV infection will become chronic infection in 75–85 percent of cases, with 45 percent developing cirrhosis by 2030. 1,2Furthermore, 1–5% of deaths are caused by HCV-related cirrhosis or hepatocellular carcinoma complications (HCC). 1 Between 2030 and 2035, HCV-related morbidity and mortality are predicted to rise, with 38,000 cases of end-stage liver disease (ESLD), 3,200 cases requiring liver transplantation, and 36,100 fatalities expected. 3 If current screening rates, public awareness, and efforts to treat and manage HCV infection remain low, these statistics are unlikely to improve. 3
According to recent statistics from the National Health and Nutrition Examination Survey (NHANES), "baby boomers" (those born between 1945 and 1965) account for 76.5 percent of all HCV-infected people in the US. 4 As a result, the Centers for Disease Control and Prevention (CDC), the United States Preventive Services Task Force, the American Association for the Study of Liver Disease (AASLD), and the Infectious Diseases Society of America (IDSA) all recommend a single HCV infection screening in all baby boomers who do not have any known risk factors for HCV infection. 1,5
According to the Institute of Medicine (IOM), around 2.7–3.9 million people will be chronically infected in the next ten years, with 75 percent of them being ignorant of their infection. 6 The IOM research noted numerous critical difficulties limiting current anti-viral hepatitis efforts, including a lack of information of HCV infection among the general public and health-care practitioners. 6 Their findings highlight the need for more HCV screening and treatment options for those who are afflicted with the virus. Expanding HCV testing locations, including community pharmacies, will allow for earlier discovery of infected people and more early treatment before liver disease complications arise.
The approval of more effective HCV medicines which are more tolerable may result in a large increase in the number of people seeking treatment for HCV. The primary goal of treatment is to achieve virologic cure or a sustained virologic response (SVR), which is currently defined as having an undetectable HCV RNA level 24 weeks following treatment completion, while there is evidence that SVR can be detected as early as 12 weeks. 7,8
[bookmark: _Hlk92226982][bookmark: _Hlk92279644]Harvoni® (ledipasvir/sofosbuvir) is a fixed-dose combination of two antiviral drugs with different mechanisms of action. Ledipasvir is an NS5A inhibitor, and sofosbuvir is a nucleotide analog NS5B polymerase inhibitor. It is used to treat chronic hepatitis C genotype 1 infection in adults as a fixed-dose combination tablet containing 90 mg ledipasvir and 400 mg sofosbuvir, and it is classified as Pregnancy Category B.9
RATIONALE OF THE STUDY 
The Omnibus Budget Reconciliation Act (OBRA)guidelines specify that the pharmacist should discuss at least the following points while counselling the patients: Name and description of the medication, the dosage form, route of administration, duration of therapy, special directions and precautions for preparation, administration and use of the prescribed drugs by the patient, common side effects or adverse effects or interactions and therapeutic contraindications that may be encountered, including their avoidance, and the action required if they occur, techniques of self-monitoring of drug therapy, proper storage, prescription refill information, action to be taken in case of missed dose. 10 This can be ameliorated if pharmacists have adequate knowledge and practice regarding the disease to advise the patient.  There were no previous studies conducted in Saudi Arabia to evaluate pharmacists’ knowledge about hepatitis medications. 
OBJECTIVE OF THE STUDY:
To assess and evaluate the actual knowledge of pharmacists in Saudi Arabia about different aspects regarding ledipasvir sofosbuvir combination.

REVIEW OF LITERATURE 
2.1. Ledipasvir/sofosbuvir (LDV/SOF) pharmacodynamic properties
The LDV/SOF combination is administered as a single tablet containing a fixed-dose of 90 mg LDV and 400 mg SOF.10
2.2. Mechanism of action
LDV is active against HCV NS5A, a protein involved in HCV replication, assembly, and secretion. SOF is a pyrimidine nucleotide analogue that inhibits HCV NS5B RNA-dependent RNA polymerase, the key enzyme mediating HCV RNA replication. HCV NS5A and NS5B RNA-dependent RNA polymerases are crucial for HCV replication.11,
2.3. Antiviral activity
Same as corona virus targeting might be the best possible treatment.12 LDV has different degrees of antiviral activity across all HCV genotypes.10,11 The 50% effective inhibitory concentration (EC50) has potent activity for HCV-1 (HCV-1a, HCV-1b); moderate activity for HCV genotypes 4 (HCV-4), 5 (HCV-5), and 6a (HCV-6a); and lower activity for HCV genotypes 2a (HCV-2a), 3a (HCV-3a), and 6e (HCV-6e).12 SOF has higher antiviral activity than LDV against all HCV genotypes.13
2.4. Resistance
Resistance to LDV and SOF has been identified and was attributed to an amino acid substitution at a specific-site in HCV NS5A and NS5B, respectively.10-14In cell culture, reduced susceptibility to LDV has been observed and was attributed to primary NS5A substitutions Y93H and Q30E, for HCV-1a, and Y93H for HCV-1b. These resistance-associated variants (RAVs) led to a 100- to 1,000-fold change in LDV susceptibility.11In Phase III clinical trials, the most frequent substitutions found at treatment failure were Q30R, Y93H/N, and L31M for HCV-1a, and Y93H for HCV-1b.15-19
In cell culture, reduced susceptibility to SOF (2- to 18-fold) was related to S282T substitution only; SOF is a drug with a high genetic barrier.10 This S282T mutation was not found in Phase III trials using LDV/SOF for HCV treatment.10 There is very limited impact of RAVs identified at the start of LDV/SOF course given the very high cure rate of HCV-1-infected patients treated with LDV/SOF.19
There is no cross-resistance between LDV and SOF, meaning that LDV has excellent antiviral activity against SOF-induced mutants, while SOF is active against LDV-induced mutations.10 LDV and SOF have antiviral activity against RAVs associated with NS5B nonnucleoside and NS3 protease inhibitors.10
2.5. LDV/SOF pharmacokinetic properties
One LDV/SOF fixed-dose combination tablet is taken orally once daily with or without food. After oral administration of one LDV/SOF tablet, the median peak plasma concentrations of LDV, SOF, and GS-331007 (the predominant circulating inactive metabolite of SOF) are reached after 4, ~1, and 4 hours, respectively.10,11
LDV and SOF have 99.8% and 63% plasma protein binding, whereas GS-331007 binding to plasma proteins is minimal. The median terminal half-lives are 47, 0.5, and 27 hours for LDV, SOF, and GS-331007, respectively.10
LDV is metabolized through slow oxidative metabolism and SOF is metabolized through the liver into the active metabolite GS-461203 before dephosphorylation into the inactive metabolite GS-331007 which represents 85% of total systemic exposure after administration of LDV/SOF. Routes of clearance are biliary for LDV and renal for GS-331007.10,11
There is no need to modify LDV/SOF dosage for patients with mild or moderate renal insufficiency. GS-331007 concentrations increase in severe renal insufficiency (glomerular filtration rate <30 mL/min/1.73 m2) or end-stage renal disease and LDV/SOF should be avoided in these patients.10,11
There is no need to modify LDV/SOF dosage in cases of moderate to severe hepatic insufficiency, and demographic parameters (age, body weight, sex) and ethnicity do not modify the pharmacokinetics of LDV/SOF or GS-331007.20-22
2.6. Drug interactions
LDV and SOF are substrates of P-glycoprotein transporters.10-13 Inducers of P-glycoprotein (eg, rifampicin, St John’s wort, carbamazepine, phenytoin, and tipranavir [ritonavir boosted]) may decrease intestinal absorption of LDV/SOF leading to decreased efficacy. Other inducers potentially associated with significant interaction with LDV/SOF include digoxin, dabigatranetexilate, rosuvastin, simeprevir, and tenofovir disoproxil fumarate when associated with pharmacologic enhancers such as ritonavir.21,22 There are no clinically significant interactions between LDV/SOF and abacavir, atazanavir/ritonavir, cyclosporine, darunavir/ritonavir, emtricitabine, efavirenz, lamivudine, methadone, oral contraceptives, pravastatin, rategravir, rilpivirine, tacrolimus, tenofovir disoproxil fumarate, or verapamil.23-25
LDV solubility decreases as pH increases, so that drugs that increase gastric acidity (eg, antacids, proton pump inhibitors) may decrease plasma concentrations of LDV. Proton pump inhibitors should not be taken before LDV/SOF. Twenty milligrams of proton pump inhibitor equivalent to omeprazole 20 mg can be safely administrated at the same time or >2 hours after LDV/SOF.24,25
2.7. LDV/SOF tolerance and adverse events
Across the ION -1, -2 and -3 studies, treatment with oral LDV/SOF was well-tolerated.15,16 Fewer adverse events were observed in groups who received LDV/SOF alone compared with their counterparts who received RBV. In the RBV-free groups, the most common adverse events were headache and fatigue. In the RBV-regimen groups, the most common adverse events were fatigue, headache, nausea, insomnia, and anemia. Treatment discontinuation due to treatment adverse events was very uncommon in the ION (-1, -2, -3) trials (13/1,518 [0.8%]) among HCV-1 monoinfected patients and in the ERADICATE and ION-4 studies among HIV–HCV coinfected patients15-19 Cirrhotic patients (ION-1, -2, and Japanese studies) as well as HIV-coinfected patients (ERADICATE and ION-4 studies) generally tolerated LDV/SOF.15-19 Serious treatment-related adverse events were identified in SOLAR-1: 9/223 (4.0%) of post transplanted patients had a 2% incidence of treatment-emergent death and 30/108 (27.7%) of decompensated cirrhotic patients had a 5.5% incidence of treatment-emergent death.26 One death was observed in a cirrhotic patient in the Japanese study.17 No direct relationship between these deaths and the treatment was identified.
2.8. LDV/SOF combination and perspectives for the treatment of HCV infection
The LDV/SOF combination represents a new avenue for the treatment of HCV infection. LDV/SOF can be positioned among the leading drugs for the treatment of HCV-1 infection for several reasons. The drug is generally well-tolerated in comparison with the previous standard of care. The LDV/SOF fixed-dose combination is a single tablet taken orally once a day. Compared to the previous standard of care requiring treatment for 48 weeks, duration of chronic HCV-1 infection treatment with LDV/SOF is just 12 or 24 weeks, as recommended by EASL, American Association for the Study of Liver Diseases, and Infectious Diseases Society of America.27,28 Among TN patients with HCV RNA <6 million IU/mL without cirrhosis, treatment duration can even be reduced to 8 weeks.,29 The association of these factors (good tolerance, single oral once daily dose plus shorter course) will likely increase treatment adherence. This factor may explain, in part, why the LDV/SOF combination is associated with a higher cure rate for chronic HCV-1 infection. In addition, there is no need for coadministration of RBV unlike other DAA agents, such as ViekiraPak.29 Interestingly, traditional predictive factors of poor response to IFN-based therapy, including HIV infection, had no impact on the SVR12 rate in studies using the LDV/SOF combination.,19
Regarding organ dysfunction, the LDV/SOF combination can be prescribed to patients irrespective of the degree of liver function impairment (from Child–Pugh A to Child–Pugh C) and in post-liver transplant, whereas IFN-based therapy is contraindicated in HCV-infected patients with cirrhosis Child–Pugh B or C and in posttransplant liver decompensation. Younossi et al showed that the LDV/SOF combination had an excellent impact on patient-reported outcomes among cirrhotic patients with CHC who were successfully treated.30,31 For renal dysfunction, only severe renal insufficiency is a contraindication to LDV/SOF therapy.
Studies consider medication combination compared to single medication was done for other diseases like diabetes32. Compared to the first generation of HCV protease inhibitors, the LDV/SOF combination has few drug interactions; this advantage leads to a wide range of prescription possibilities among HCV-1 or -4-infected patients with comorbidities. However, coadministration with amiodarone, carbamazepin, phenytoin, rifampicin, rosuvastin, St John’s wort, tipranavir, and simeprevir should be avoided, and coadministration with digoxin, dabigatranetexilate, and TDF requires a close monitoring.,33
There are some limitations to the wider use of LDV/SOF for HCV treatment. First, its efficacy against HCV-3 was low compared with its efficacy against HCV-1. For HCV-2, efficacy of LDV/SOF is expected to be lower based on the EC50, but large studies supporting this hypothesis are lacking. Second, the drug cannot be prescribed in HCV-1 or -4-infected patients with end-stage kidney disease or those who are being treated with amiodarone for cardiac arrhythmia (a very common disease). Third, although relapse is very uncommon, its occurrence seems to be related, in part, to treatment duration, with 24 weeks being notably better than 12 weeks among TE patients and/or those with severe hepatic impairment. Although, noncompliance was the most common reason for LDV/SOF treatment failure.14 Finally, the current cost of LDV/SOF is a major issue. This is difficult to reconcile ethically as the high cost may prevent or limit prescription of this effective drug even in high income countries. Moreover, the drug cannot be prescribed in many regions with the greatest prevalence of HCV infection because of lower incomes in these areas.
LDV/SOF has been approved by EASL for the treatment of HCV infections involving genotypes 4, 5, and 6. This agreement is probably preemptive and was based on the knowledge of antiviral activity of LDV and SOF across HCV genotypes and based on early results from small studies rather than randomized trials.34,35 This combination has been considered as optional for the treatment of HCV-4 or -6 (except -6e) by American Association for the Study of Liver Diseases.
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METHODOLOGY 
3.1. Study design, area and timeline 
A cross-sectional studyconducted in different regions of Saudi Arabia for four months from November 2022 and Nou 2023.
3.2. Study Subjects and sampling technique 
Sample of 180 pharmacistsselected by random sampling technique. 
3.2.1. Inclusion criteria: 
· Currently practicing pharmacist/clinical pharmacist 
· Agree to participate in the study 
3.2.2. Exclusion criteria:
· Pharmacist technician or pharmacist aid 
· Pharmacists who not agreed to participate in the study 
3.3. Data Collection Tool
Data collection was carried out using a structured self-administered questionnaire, especially designed for this study. The questionnaire was divided into 2 parts , the first part included the experience years, gender, professional degree, age, type of pharmacy which the pharmacist work in either community or hospital pharmacy or primary health care pharmacy, and the second part included questions were mainly close ended about pharmacist knowledge and attitude regarding ledipasvir sofosbuvir including indication, route of administration, side effects, usual dose, precautions,contraindications, interactions, need for dosage adjustment and general attitude of pharmacist toward this fixed-dose combination medicine.
The questionnaire wassent tothe randomly selected pharmacists and they were asked to fill it after explaining the objective of the study. 
34. Ethical considerations 
Only the pharmacists who agreed to fill the questionnaire were included. In addition, consent was obtained from every pharmacist before answering the questionnaire. 
3.5. Data Management and statistical Analysis 
Data were analyzed using Microsoft Excel program;categorical variables analyzed using frequency distribution and percentageswith representation with bar graph and pie chart. 
RESULTS 
4.1. Demographic characteristics of participants 
The demographic details of the pharmacists included in the study are shown in Table 1 and Figure 1.Highest proportion (58%) of the participants were in the age group (25 to 30 years) and majority (72%) had one to five years of practice years. In this study 34 % of pharmacists were community pharmacists while 50 % were hospital pharmacists. Males accounted for 52 % of pharmacists. The majority (73%) of the participants have BSC. in pharmacy. 
4.2. Knowledge of pharmacists about Ledipasvir-sofosbuvir indications, dosage and administration.
58% of pharmacists had knowledge that ledipasvir-sofosbuvir is indicated for the treatment of chronic hepatitis C virus (HCV), 47% had knowledge that ledipasvir-sofosbuvir is indicated for adults and pediatric patients 3 years of age and older, 53% had knowledge that the recommended dosage of the drug is one tablet taken orally once daily with or without food, 52% were knowledgeable that ledipasvir-sofosbuvir pellets are administered with food, 78% had knowledge that ledipasvir-sofosbuvir is given orally as tablets or pellets, 33% had knowledge that ledipasvir-sofosbuvir is not given by intravenous routes, 67% had knowledge that ledipasvir-sofosbuvir pellets should not be chewed, 67% had knowledge that ledipasvir-sofosbuvir should be taken at evenly spaced intervals, 55% were knowledgeable that in case of miss a dose of ledipasvir-sofosbuvir, the patient can take it as soon as he remembers, unless it is less than 6 hours until the next dose. The average of good knowledge about indications, dosage and administration of ledipasvir-sofosbuvir equal 57%. (Table 2 and figure 2)
4.3. Pharmacists ' level of knowledge about drug interactions of Ledipasvir-sofosbuvir  
About half of pharmacists had knowledge thatcoadministration of amiodarone with Ledipasvir-sofosbuvir is not recommended, 50% had knowledge that antacids lower the absorption of ledipasvir, 65% had knowledge that frequent monitoring of international normalized ratio (INR) values is recommended in patients receiving warfarin concomitantly with ledipasvir-sofosbuvir, 53% had knowledge that concomitant use of Ledipasvir-sofosbuvir and P-gp inducers (e.g., rifampin) may significantly decrease ledipasvir and sofosbuvir plasma concentrations and may lead to a reduce its therapeutic effect. The average of good knowledge about drug interactions of Ledipasvir-sofosbuvirequal 54%. (Table 3 and figure 3)
4.4. Pharmacists ' level of knowledge about adverse effects and contraindications of Ledipasvir-sofosbuvir  
More than two thirds (62%) of pharmacists had knowledge thatfatigue, headache, and asthenia are the most common adverse reactions observed with treatment with Ledipasvir-sofosbuvir, 55% were knowledgeable that ledipasvir-sofosbuvir carry the risk of hepatitis b virus reactivation in patients coinfected with HCV and HBV, 50% were knowledgeable that in mild-to-severe renal impairment (including ESRD requiring dialysis): No dosage adjustment necessary for ledipasvir-sofosbuvir, 67% were knowledgeable that if Ledipasvir-sofosbuvir is administered with ribavirin, the combination regimen is contraindicated in pregnant women. The average of good knowledge about drug interactions of Ledipasvir-sofosbuvirequal 58%. (Table 4 and figure 4)
[bookmark: _Hlk92300710]4.5. Overall knowledge of pharmacists about Ledipasvir-sofosbuvir  
The overall average of good knowledge (correct answers) of pharmacists included in the study regarding ledipasvir-sofosbuvirequal 56%.(Figure 5)
[bookmark: _Hlk60334008]Table 1. Demographics of pharmacists (n=180)
	[bookmark: _Hlk92200939]Variable
	Categories

	Frequency
	Percentage (%)

	Sex 
	Male
	93
	52%

	
	Female 
	87
	48%

	Education   
	BSC. in pharmacy 
	132
	73%

	
	Pharm. D 
	27
	15%

	
	Masters or American board
	21
	12%

	Current Pharmacy Practice Site
	Community (private)
	60
	34%

	
	Primary health care Clinic (private or public) 
	29
	16%

	
	Hospital (private or public)
	91
	50%

	Age (years)  
	25-30
	105
	58%

	
	31-39
	42
	23%

	
	40-49
	24
	13%

	
	50-59
	9
	6%

	Years in Pharmacy Practice
	One to five
	129
	72%

	
	Six to ten
	30
	17%

	
	More than 10 
	21
	11%




Figure 1. Represent demographics of pharmacists 

[bookmark: _Hlk92299730]Table 2. Knowledge of pharmacists about Ledipasvir-sofosbuvir indications, dosage and administration. (n=180)
	[bookmark: _Hlk92232290]Variable 
	Categories 

	Frequency
	Percentage (%)

	Ledipasvir-sofosbuvir is indicated for the treatment of chronic hepatitis C virus (HCV) 
	Good knowledge 
	105
	58%

	
	Poor knowledge 
	75
	42%

	Ledipasvir-sofosbuvir is indicated for adults and pediatric patients 3 years of age and older
	Good knowledge 
	84
	47%

	
	Poor knowledge 
	96
	53%

	The recommended dosage of the drug is one tablet taken orally once daily with or without food
	Good knowledge 
	96
	53%

	
	Poor knowledge 
	84
	47%

	Ledipasvir-sofosbuvir pellets are administered with food, sprinkle the pellets on one or more spoonful of non-acidic soft food at or below room temperature.
	Good knowledge 
	93
	52%

	
	Poor knowledge 
	87
	48%

	Ledipasvir-sofosbuvir is given orally as tablets or pellets
	Good knowledge 
	141
	78%

	
	Poor knowledge 
	39
	22%

	Ledipasvir-sofosbuvir is given by intravenous routes
	Good knowledge 
	60
	33%

	
	Poor knowledge 
	120
	67%

	Ledipasvir-sofosbuvir pellets should not be chewed 
	Good knowledge 
	120
	67%

	
	Poor knowledge 
	60
	33%

	Ledipasvir-sofosbuvir should be taken at evenly spaced intervals.
	Good knowledge 
	120
	67%

	
	Poor knowledge 
	60
	33%

	In case of miss a dose of ledipasvir-sofosbuvir, the patient can take it as soon as he remembers, unless it is less than 6 hours until the next dose. In that case, skip the missed dose and take next dose at the regular time.  
	Good knowledge 
	99
	55%

	
	Poor knowledge 
	81
	45%

	Mean knowledge aboutindications, dosage and administration
	Good knowledge 
	102
	57%

	
	Poor knowledge 
	78
	43%





[bookmark: _Hlk60335204][bookmark: _Hlk92299750]Figure2 (a). RepresentKnowledge of pharmacists about Ledipasvir-sofosbuvir indications, dosage and administration
[bookmark: _Hlk92289945]Figure2 (b). Represent Knowledge of pharmacists about Ledipasvir-sofosbuvir indications, dosage and administration
Table 3. Pharmacists ' level of knowledge about drug interactions of Ledipasvir-sofosbuvir (n=180)
	Variable 
	Categories 

	Frequency
	Percentage (%)

	Coadministration of amiodarone with Ledipasvir-sofosbuvir is not recommended
	Good knowledge 
	90
	50%

	
	Poor knowledge 
	90
	50%

	Frequent monitoring of international normalized ratio (INR) values is recommended in patients receiving warfarin concomitantly with ledipasvir-sofosbuvir
	Good knowledge 
	117
	65%

	
	Poor knowledge 
	63
	35%

	Antacids lower the absorption of ledipasvir
	Good knowledge 
	90
	50%

	
	Poor knowledge 
	90
	50%

	The concomitant use of Ledipasvir-sofosbuvir and P-gp inducers (e.g., rifampin) may significantly decrease ledipasvir and sofosbuvir plasma concentrations and may lead to a reduce its therapeutic effect
	Good knowledge 
	96
	53%

	
	Poor knowledge 
	84
	47%

	Mean knowledge aboutdrug interactions
	Good knowledge 
	98
	54%

	
	Poor knowledge 
	82
	46%




Figure 3. Pharmacists ' level of knowledge about drug interactions of Ledipasvir-sofosbuvir

[bookmark: _Hlk92290139]Table 4. Pharmacists ' level of knowledge about adverse effects andcontraindications of Ledipasvir-sofosbuvir (n=180)
	Variable 
	Categories 

	Frequency
	Percentage (%)

	Fatigue, headache, and asthenia are the most common adverse reactions observed with treatment with Ledipasvir-sofosbuvir
	Good knowledge 
	111
	62%

	
	Poor knowledge 
	69
	38%

	[bookmark: _Hlk92300441]Ledipasvir-sofosbuvir carry the risk of hepatitis b virus reactivation in patients coinfected with HCV and HBV
	Good knowledge 
	99
	55%

	
	Poor knowledge 
	81
	45%

	In mild-to-severe renal impairment (including ESRD requiring dialysis): No dosage adjustment necessary for ledipasvir-sofosbuvir 
	Good knowledge 
	90
	50%

	
	Poor knowledge 
	90
	50%

	If Ledipasvir-sofosbuvir is administered with ribavirin, the combination regimen is contraindicated in pregnant women
	Good knowledge 
	120
	67%

	
	Poor knowledge 
	60
	33%

	Mean knowledge aboutadverse effects and contraindications
	Good knowledge 
	105
	58%

	
	Poor knowledge 
	75
	42%




Figure 4. Pharmacists ' level of knowledge about adverse effects and contraindications of Ledipasvir-sofosbuvir

Figure 5 (a). Representmean percentage of knowledge about ledipasvir-sofosbuvir


[bookmark: _Hlk92300398]Figure 5 (b). RepresentOverall knowledge of pharmacists about Ledipasvir-sofosbuvir  

DISCUSSION
Pharmacists provide disease state counseling and medication education for multiple chronic diseases.36 An interprofessional approach involving clinical pharmacists in HCV management demonstrated community-based sustained virologic response (SVR) rates comparable to those achieved in clinical trials.37 As an integral clinician on the interprofessional team, clinical pharmacists could provide patient-specific drug and disease state education during initial and follow-up visits for HCV treatment. The present study conducted to assess and evaluate the actual knowledge of pharmacists in Saudi Arabia about different aspects regarding ledipasvir sofosbuvir combination.The results revealed that pharmacists' knowledge level was insufficient.Pharmacists had limited knowledge on different aspects of ledipasvir sofosbuvir combination which is one of the most commonly used medications for HCV infection. Strikingly, large proportion of pharmacists was not knowledgeable about indications, dosage and administration of the combination. Consistently, in a recent study conducted to evaluatecommunity pharmacists' knowledge level and their practice in caring of patients with hepatic impairment, the pharmacist’s level of knowledge was insufficient and additional education is needed. Pharmacists experienced several difficulties in providing pharmaceutical care.38 Moreover, some studies evaluated physicians' practices in prescribing medications in patients with cirrhosis.39-41 These studies found similar results: an overall limited knowledge on the topic. Possible explanations for this finding are that medication use in hepatic infectionsand impairment is a rather complex topic. However, previous studies assessing healthcare professionals' knowledge on other topics (e.g., pharmacogenetics, dispensing practice) also showed the same result. 42,43 
The lack of knowledge and practice among the pharmacists in this study could be related to a lack of experience, as the majority of them only reported one to five years of practice experience, implying that they lack the intensive knowledge and practice skill required for their profession. This is inconsistent with earlier studies indicated that pharmacists with less years in practice scored higher on the knowledge test. 42,43Where recent graduates probably remember most from the education received during pharmacy school or their registration period and may be more willing to learn. Also notable was the association between familiarity with the new recommendations in the clinical decision support systems (CDSS) or the website and a higher score on the knowledge test. Participants familiar with the website or recommendations are possibly more interested in the topic and might have read background information about therapy for hepatitis c infection and medication safety in patients with hepatic impairment.
A questionnaire-based survey designed to determine the current status of customers’ views on community pharmacies in Riyadh. The study showed willingness to provide advice, quicker services, competence and knowledge about medicines, were revealed to be desired qualities of pharmacists. On attitudes of the customers to a list of six items, majority showed that pharmacists arequalified as health professionals. Some strongly agree that pharmacists were not qualified to discuss with patients their health complaints. 44In 2004, a questionnaire-based study was conducted by Bawazir to determine consumer attitudes towards community pharmacy and their preferences for the introduction of new services. This study showed that most pharmacy customers feel comfortable seeking advice from their pharmacist.45these results indicate the vital role of pharmacists in patient care. 
Because there is a significant potential for drug-drug interactions that may impact the effectiveness of HCV medications, pharmacists are in a pivotal position to identify these interactions and make clinical interventions accordingly. Pharmacists should conduct a thorough patient profile review and make sure that the patient provides a comprehensive list of all their current medications including prescription, nonprescription, and complementary and alternative medications, to ascertain if there are any interactions that would affect the efficacy of the HCV regimen or result in toxicity. This critical task is essential to averting potential drug-drug interactions or contraindications. The absorption of LDV/SOFis diminished by some OTC agents such as proton pump inhibitors, histamine2 receptor antagonists, and antacids; many patients may not think to disclose this information to their healthcare providers.46 
As front-line healthcare providers, pharmacists can act as patient identifier, patient educator and patient advocate. Pharmacists can enhance therapeutic outcomes by providing patients with relevant information regarding their drug therapy, such as the importance of patient adherence, during counseling. Patients should be advised on how to properly administer prescribed medication as well as any potential side effects or drug interactions. Patients should consult their pharmacist or primary healthcare practitioner before taking any other medications, including nonprescription pharmaceuticals and nutritional supplements, to avoid possible drug interactions.The introduction of the fixed-dose combination oral direct-acting antivirals (DDAs) has revolutionized the treatment landscape for HCV and pharmacists can encourage patients to get tested and get treated immediately if they suspect they have HCV. Unfortunately, pharmacists in our study had insufficient knowledge about drug interactions and adverse effects of LDV/SOF. 
Another factor contributing to the lack of knowledge in this study could be the lack of a continuous education program. According to Chen et al., conducting a continuing education program for pharmacists to improve their competence to perform pharmaceutical care for diabetics has proved to raise their expertise. 47Inadequate pharmacist training could be accountable for their lack of understanding of certain drugs. Al-Arifi et al. conducted a survey with 250 community pharmacists in 2007. The majority of participants in this study had good understanding about pharmaceutical care and a favorable attitude. The pharmacist saw a number of difficulties, including a lack of adequate training in pharmaceutical care practice.48

LIMITATIONS OF THE STUDY
This study has few limitations summarized in the exclusion of pharmacist technician so, low number of pharmacists working in Saudi Arabia included in the research which can limit the generalizability of the research findings to pharmacists. Furthermore, the fact that the type and nature of questions used to test knowledge were built by the authors might affect the validity of the scores.
CONCLUSION AND RECOMMENDATIONS
As a conclusion, large proportion of the study sample lack adequate knowledge in certain important aspects of ledipasvir sofosbuvir which is an FDA approved interferon-free regimen for patients with chronic HCV.This might negatively affect the role of pharmacists in patient counseling and education. Steps should be taken by the government, universities and pharmaceutical association to improve the pharmacists' role in healthcare system by providing them with continuous and up-to-date medication knowledge. 
It is strongly recommended to:
1) Establish and install a pharmacy network system in pharmacies in Saudi Arabia which will enhance patient monitoring and provide immediate information to pharmacists regarding medications;
2) Establish a pharmacy continuing education center and make such education to be mandatory for re-licensure in Saudi Arabia.
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LIST OF ABBREVIATIONS
AASLD: American Association for the Study of Liver Disease  
CDSS: Clinical decision support systems  
CDC: Centers for Disease Control and Prevention  
DDAs: Direct-acting antivirals  
ESLD: End-stage liver disease  
HCV: Hepatitis C virus  
HCC: Hepatocellular carcinoma complications  
IDSA: Infectious Diseases Society of America  
IOM: Institute of Medicine  
LDV/SOF: Ledipasvir/sofosbuvir 
NHANES: National Health and Nutrition Examination 
OBRA: The Omnibus Budget Reconciliation Act 
OTC: Over the counter  
SVR: Sustained virologic response 


Male	Female 	BSC. in pharmacy 	Pharm. D 	Masters or American board	Community (private)	Primary health care Clinic (private or public) 	Hospital (private or public)	25-30	31-39 	40-49 	50-59	One to five	Six to ten	More than 10 	Sex 	Education   	Current Pharmacy Practice Site	Age (years)  	Years in Pharmacy Practice	0.52	0.48000000000000009	0.7300000000000002	0.15000000000000005	0.12000000000000002	0.34	0.16	0.5	0.58000000000000007	0.23	0.13	6.0000000000000019E-2	0.7200000000000002	0.17	0.11	


Good knowledge 	Poor knowledge 	Good knowledge 	Poor knowledge 	Good knowledge 	Poor knowledge 	Good knowledge 	Poor knowledge 	Good knowledge 	Poor knowledge 	Ledipasvir-sofosbuvir is indicated for the treatment of chronic hepatitis C virus (HCV) 	Ledipasvir-sofosbuvir is indicated for adults and pediatric patients 3 years of age and older	The recommended dosage of the drug is one tablet taken orally once daily with or without food	Ledipasvir-sofosbuvir pellets are administered with food, sprinkle the pellets on one or more spoonful of non-acidic soft food at or below room temperature.	Ledipasvir-sofosbuvir is given orally as tablets or pellets	0.58000000000000007	0.4200000000000001	0.47000000000000008	0.53	0.53	0.47000000000000008	0.52	0.48000000000000009	0.78	0.22	


Good knowledge 	Poor knowledge 	Good knowledge 	Poor knowledge 	Good knowledge 	Poor knowledge 	Good knowledge 	Poor knowledge 	Ledipasvir-sofosbuvir is given by intravenous routes	Ledipasvir-sofosbuvir pellets should not be chewed 	Ledipasvir-sofosbuvir should be taken at evenly spaced intervals.	In case of miss a dose of ledipasvir-sofosbuvir, the patient can take it as soon as he remembers, unless it is less than 6 hours until the next dose.   	0.33000000000000013	0.67000000000000026	0.67000000000000026	0.33000000000000013	0.67000000000000026	0.33000000000000013	0.55000000000000004	0.45	


Good knowledge 	Poor knowledge 	Good knowledge 	Poor knowledge 	Good knowledge 	Poor knowledge 	Good knowledge 	Poor knowledge 	Coadministration of amiodarone with Ledipasvir-sofosbuvir is not recommended	Frequent monitoring of international normalized ratio (INR) values is recommended in patients receiving warfarin concomitantly with ledipasvir-sofosbuvir	Antacids lower the absorption of ledipasvir	The concomitant use of Ledipasvir-sofosbuvir and P-gp inducers (e.g., rifampin) may significantly decrease ledipasvir and sofosbuvir plasma concentrations and may lead to a reduce its therapeutic effect	0.5	0.5	0.65000000000000024	0.35000000000000009	0.5	0.5	0.53	0.47000000000000008	


Good knowledge 	Poor knowledge 	Good knowledge 	Poor knowledge 	Good knowledge 	Poor knowledge 	Good knowledge 	Poor knowledge 	Fatigue, headache, and asthenia are the most common adverse reactions observed with treatment with Ledipasvir-sofosbuvir 	Ledipasvir-sofosbuvir carry the risk of hepatitis b virus reactivation in patients coinfected with HCV and HBV	In mild-to-severe renal impairment (including ESRD requiring dialysis): No dosage adjustment necessary for ledipasvir-sofosbuvir 	If Ledipasvir-sofosbuvir is administered with ribavirin, the combination regimen is contraindicated in pregnant women	0.62000000000000022	0.38000000000000012	0.55000000000000004	0.45	0.5	0.5	0.67000000000000026	0.33000000000000013	


Good knowledge 	Poor knowledge 	Good knowledge 	Poor knowledge 	Good knowledge 	Poor knowledge 	Indications, dosage and administration	Drug interactions	Adverse effects and contraindications	Mean knowledg	0.56999999999999995	0.4300000000000001	0.54	0.46	0.58000000000000007	0.4200000000000001	

Overall knowledge

Good knowledge 	Poor knowledge 	0.56000000000000005	0.44	




