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1 ABSTRACT 

Title 

Comparing the incidence of acute renal failure in patients with epilepsy exposed to levetiracetam 

monotherapy or polytherapy versus other antiepileptic drugs  

Keywords 

Antiepileptics, acute renal failure, adverse reaction, epilepsy 

Rationale and background 

Following a review of case-reports suggesting a link between the occurrence of acute renal failure 

(ARF) and levetiracetam (LEV) administration and requests for more information on this topic 

from several regulatory agencies worldwide, the UCB Benefit Risk Team decided to conduct the 

present study to further characterize the risk of acute renal failure in patients exposed to LEV and 

other antiepileptic drugs (AEDs).  The study was agreed with the EMA during procedure 

EMEA/H/C/000277/II/0162. 

Research question and objectives 

The research question addressed by this project is as follows: Is the incidence rate of acute renal 

failure higher in patients with epilepsy exposed to LEV treatment compared to patients with 

epilepsy exposed to other AEDs?  

The objective of the study was to compare the incidence rate of ARF among patients newly 

exposed to LEV versus other AEDs (as “Monotherapy or “Polytherapy”) to further characterize 

the risk of renal failure in patients treated with AEDs.  

Variables and data sources 

The incidence rates (IR) of ARF in new users of LEV was compared to the IR in new users of 

carbamazepine (CBZ), ethosuximide (ESX), gabapentin (GBP), lacosamide (LCM), lamotrigine 

(LTG), oxcarbazepine (OXC), phenobarbital (PHB), phenytoin (PHT), pregabalin (PGB), 

topiramate (TPM), valproic acid (VPA), and zonisamide (ZNS) alone (“Monotherapy”) or when 

prescribed with other AEDs concomitantly (“Polytherapy”), using High Dimensional propensity 

score and Inverse Probability of Treatment weight analysis in the IBM® MarketScan® Databases. 

Study design 

Retrospective cohort study 

Setting 

The analysis was conducted using the IBM® MarketScan® Databases, a US claims database 

including both inpatients and outpatients records with a population coverage of almost 200 Million 

patients.   

Subjects and study size, including dropouts 

163,569 (78,394 LEV and 85,175 other AEDs) patients with an epilepsy diagnosis and a new 

prescription of AEDs as “Monotherapy” and 125,541patients (44,668 LEV and 80,873 other 

AEDs) as “Polytherapy” were identified between 2009 and 2017. After applying 

inclusion/exclusion criteria and propensity score weighting, 110,336 (45,672 LEV and 64,664 
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other AEDs) “Monotherapy” patients and 96,215 (30,426 LEV and 65,789 other AEDs) 

“Polytherapy” patients were analyzed.  

Results 

The overall crude rate of ARF following the use of a new AED in the study was 6.0 ARFs per 

10,000 patients and 6.5 per 10,000 patients for patients using AEDs in “Monotherapy” and in 

“Polytherapy” respectively in the first 30 days after index date. The IRR of ARFs in LEV new 

users compared to all other AED new users in “Monotherapy” was 1.37 CI95% (0.8, 2.34) in the 

first 30 days after index date. Such an increase in risk represented 2 additional LEV ARF cases 

per 10 000 patients-months in “Monotherapy” compared to all other AEDs. When comparing new 

users of LEV to new users of other AEDs in “Polytherapy” in the first 30 days of use, the IRR was 

0.94 CI95% (0.51, 1.74). IRRs of 1.07 for “Monotherapy” and 1.19 for “Polytherapy” were found 

when adding secondary ARF codes to the outcome definition.  

Discussion 

This study presents a new AEDs users design comparing the risk of ARF in LEV to other AEDs  

users, using an optimal short risk-window and a state-of-the-art analytical pharmacoepidemiology 

methods (High Dimensional Propensity Score and Inverse Probability of Treatment weights) in 

order to assess the risk of ARFs in new users of LEV vs  other AEDs when used alone or 

concomitantly with other AEDs. The rate of ARFs in AED new users was found to be very low 

which decreased the power of 1:1 analyses that compare LEV to other AEDs one by one, leading 

to remaining covariates imbalance after weighting. Analyses showing a satisfactory balance in 

covariates, showed a weighted IRR 1.37 CI95% (0 8, 2.34))  in ARF rates of LEV versus other 

AED users when used as “Monotherapy” (combined comparator AEDs into one comparison 

group) and a weighted IRR 0.94 CI95% (0.51, 1.74)) when used as “Polytherapy” in the IBM® 

MarketScan® Research Databases. Such an increase in risk represented 2 additional LEV ARF 

cases per 10 000 patient months in “Monotherapy”. The risk of ARF in LEV users in the study is 

aligned with the current information included in the EU SmPC. The results of the study do not 

impact the current benefit-risk balance of the product.  

Marketing Authorization Holder(s) 

UCB Pharma SA 

Allée de la Recherche 60 

B-1070, Brussels 

Belgium  

Names and affiliations of principal investigators 

 PhD  

UCB Pharma 
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2 LIST OF ABBREVIATIONS 

AED   Antiepileptic drug 

AKI   Acute kidney injury 

ARF   Acute Renal Failure 

CBZ   Carbamazepine 

CCAE   IBM MarketScan® Commercial Database 

CDHP   Consumer-Driven Health Plan 

CI    Confidence Interval  

CNS   Central Nervous System  

CPT   Current Procedural Technology  

EMA   European Medicines Agency 

EMR   Electronic Medical Record 

EPO   Exclusive Provider Organization Plan 

ESX   Ethosuximide 

FAERS  FDA Adverse Event Reporting System  

FDA   Food and Drug Administration 

GBP   Gabapentin 

HCUP   Healthcare Cost and Utilization Project  

HDHP   High-Deductible Health Plan 

HDPS   High-Dimensional Propensity Score 

HIPPA   Health Insurance Portability and Accountability Act  

HMO   Health Maintenance Organization Plan 

ICD-9-CM  International Classification of Diseases, Ninth Revision, Clinical Modification  

ICD-10-CM Internal Classification of Diseases, Tenth Revision, Clinical Modification   

IPTW   Inverse Probability of Treatment Weights  

IR    Incidence Rate 

IRR   Incidence Rate Ratio 

LCM   Lacosamide 

LEV   Levetiracetam 

LTG   Lamotrigine 

MDCD  IBM MarketScan® Multi-State Medicaid Database 

MDCR   IBM MarketScan® Medicare Supplemental Database 
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MHPD   Market Health Product Directorate 

NDC   National Drug Code  

OTH   All other AEDs 

OXC   Oxcarbazepine 

PGB   Pregabalin 

PHB   Phenobarbital 

PHT   Phenytoin 

PI    Prescribing Information 

POS   Point-of-Service Plan 

PPO   Preferred Provider Organization Plan 

PRAC   Pharmacovigilance Risk Assessment Committee 

PS    Propensity Score 

RCT   Randomized Controlled Trial 

TPM   Topiramate 

US    United States  

VPA   Valproate / valproic acid 

WHO   World Health Organization  

ZNS   Zonisamide 
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3 RESPONSIBLE PARTIES  

 

This study was sponsored and conducted by UCB Pharma SA. 
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4 OTHER RESPONSIBLE PARTIES 

 

A list of all collaborating institutions and investigators can be obtained upon request. 
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5 MILESTONES 

Table 6‒1: List of study milestones 

Milestone Dates 

Date of data extraction  April 1st 2020 

Date of final analytical data set   April 30th 2020 

Registration in the EU PAS registry  December 10th 2018 

Final study report   June 30th 2020 

Clinical Study report V0.2 (with amendment 1) 1 June 30 th 2021 

 

6 RATIONALE AND BACKGROUND 

Epilepsy is a condition characterized by at least two unprovoked (or reflex) seizures occurring 

greater than 24 hours apart or one unprovoked (or reflex) seizure and a probability of further 

seizures similar to the general recurrence risk (at least 60%) after two unprovoked seizures, 

occurring over the next 10 years(1). It is one of the most common neurological disorders of the 

brain, affecting approximately 70 million people worldwide(2). There are approximately 20 AEDs 

available on the market with diverse mechanisms of action, and efficacy and safety profiles. The 

choice of AEDs is primarily based on evidence of efficacy for the patient's seizure type, safety 

profile of the drug and patient-specific factors including age, sex, childbearing potential, 

comorbidities, and use of concomitant medications(3). Monotherapy is recommended for patients 

with newly diagnosed epilepsy. Combination therapy is usually initiated upon unresponsiveness 

to monotherapy. Adverse effects of AEDs are common and can have a considerable impact on 

quality of life and contribute to treatment failure in up to 40% of patients(4). The adverse effect 

profiles of AEDs differ greatly and are often a determining factor in drug selection because of the 

similar efficacy rates shown by most AEDs. UCB identified a published case-report suggesting a 

link between the occurrence of ARF and LEV administration (5).  Following this, the Marketed 

Health Product Directorate (MHPD) of Health Canada requested UCB to submit a summary of 

adverse events and serious adverse drug reactions of acute renal injury in patients exposed to LEV. 

UCB then received another similar request from Medsafe, the New Zealand Medicines and 

Medical Devices Safety Authority.  Both health authority requests appeared to be in response to a 

signal assessment conducted by the World Health Organization (WHO) on impaired renal 

function, including ARF and interstitial nephritis in association with LEV exposure(6).  UCB thus 

conducted a comprehensive safety signal assessment and confirmed the risk of ARF after exposure 

to LEV.  A signal assessment specific for interstitial nephritis was also conducted but the risk was 

not confirmed.  Consequently, the term “acute kidney injury” was added to section 4.8 undesirable 

effects of the CCDS for LEV in the post-marketing experience sub-section and under renal and 

urinary disorders system organ class. Acute Kidney Injury (AKI) is another term for Acute Renal 

Failure (ARF). It is often used interchangeably by the medical field. Additionally, following a 

review of the US Prescribing Information (PI) to add AKI submitted on the 29th of April 2016, 

                                                 
1 The current version of the study report has been amended to address statistical errors found in the analysis at the 

time of manuscript preparation. The corrected analysis does not change the conclusions of the report.  
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the Food and Drug Administration (FDA) requested UCB on the 25 Oct 2016 to update the 

labeling to include interstitial nephritis in post-marketing experience section 6.2. The UCB Benefit 

Risk Team decided to conduct the present study to further characterize the risk of ARF in patients 

exposed to LEV and other AEDs. Subsequently, UCB received an assessment report (Procedure 

No. EMEA/H/C/000277/II/0162) from the EMA on 23 Aug 2016 with a request to investigate the 

actual mechanism underlying the development of ARF after use of LEV. The EMA acknowledged 

that the proposed study would not provide any information on the underlying mechanism for 

developing ARF, but agreed to the study.  This study is being conducted to further review the 

association between exposure to LEV and ARF using real world data from a claims database in 

the US in order to further characterize this risk with respect to other AEDs. 

 

 

7 RESEARCH QUESTION AND OBJECTIVES 

 

The objective of the study was to compare the incidence rate of ARF among patients newly 

exposed to LEV versus other AEDs (as monotherapy or polytherapy) to further characterize the 

risk of renal failure in patients treated with AEDs.  

The research question addressed by this project is as follows: Is the incidence rate of ARF higher 

in patients with epilepsy exposed to LEV treatment compared to patients with epilepsy exposed 

to other AEDs?  

The following hypothesis will be addressed:  

• Null hypothesis (H0): The incidence rate of ARF in patients with epilepsy exposed to LEV (as 

monotherapy or polytherapy i.e. LEV in combination with other AEDs) is the same as in patients 

with epilepsy exposed to other AED monotherapy regimens or AED polytherapy regimens 

excluding LEV. 

• Alternative hypothesis (H1): The incidence rate of ARF in patients with epilepsy exposed to 

LEV (as monotherapy or polytherapy i.e. LEV in combination with other AEDs) is different from 

patients with epilepsy exposed to other AED monotherapy regimens or AED polytherapy 

regimens excluding LEV. 
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8 STUDY PROTOCOL AMENDMENTS AND UPDATES 

 

Table 8‒1: Protocol amendments 

Number Date Section of 

study protocol 

Amendment 

or update  

Reason 

V0.2 12-Apr-2017 N/A Update Initial submission to EMA 

V0.3 18-Sep-2017 N/A Update 1st Response to Questions from EMA 

V0.4 12-Feb-2018 N/A Update 2nd Response to Questions from EMA. 

Protocol approved by EMA with 

fulfilment of post-approval measure 

EMEA/H/C/000277/MEA/086.3 on 

31st May 2018 

V1.0 15-Apr-2020 N/A Update and 

Amendments 

Protocol amended. Last version of the 

protocol uploaded in EU PAS Register 

at 

http://www.encepp.eu/encepp/viewRes

ource htm?id=35130 

and submitted to EMA on 15th April 

2020 

 

 

9 RESEARCH METHODS 

 

9.1 Study design 

Retrospective cohort study conducted using the US-based claims database, IBM® MarketScan® 

Research Databases.  

 

9.2 Setting 

The IBM® MarketScan® Research Databases covers the period between 01-Jan-2008 and 31-

Dec-2017. 

 

9.3 Study participants 

US population of patients with an epilepsy diagnosis, with a new prescription of LEV or 

comparator AEDs, as monotherapy or polytherapy.  The following 12 AED monotherapy 

comparator cohorts were evaluated in the study: carbamazepine (CBZ), ethosuximide (ESX), 

gabapentin (GBP), lacosamide (LCM), lamotrigine (LTG), oxcarbazepine (OXC), phenobarbital 

(PHB), phenytoin (PHT), pregabalin (PGB), topiramate (TPM), valproic acid (VPA), and 

zonisamide (ZNS). The “Monotherapy” analysis includes patients who are AED naïve for at least 

one year (baseline) and start a new treatment of LEV or of one of the 12 AEDs listed above. For 
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“Polytherapy”, two cohorts were evaluated; patients on a LEV-based polytherapy regimen were 

compared with a cohort of patients on all other AED polytherapy regimens that do not include 

LEV as explained in the “polytherapy” definition below. These patients were treated with any 

AEDs (one or several, except LEV) during the year preceding the index date when a new treatment 

of AED (different from those given during baseline) is introduced. Details of the study population 

are indicated below.  

 

9.4 Variables 

9.4.1 Inclusion criteria 

Patients were eligible for inclusion in the study if they met all of the following criteria: 

1. A diagnosis of epilepsy (as defined below) during the baseline period 

2. Initiation of treatment with either LEV or comparator AED (as monotherapy or polytherapy 

as defined in sections 9.4.3.1  and 9.4.3.2, respectively) within the patient selection period 

without prior treatment for the specific AED in the 12 months prior.  

a) If the patient’s index AED prescription occurs after 12 months (baseline) without any 

AED use, the patient will be included in the monotherapy cohort 

b) If the patient’s index AED prescription occurs after having already used AEDs during the 

12 preceding months (baseline) the patient will be included in the polytherapy/switching 

cohort.   

3. Continuous medical and prescription benefit coverage during the baseline period   

Patients were classified as having an epilepsy diagnosis if they fulfill any of the criteria indicated 

below:  

• The presence of ≥ 2 ICD-9-CM codes of 780.39 (seizure symptoms) during separate medical 

encounters, specifically different dates of care in any medical care venue that are separated 

by at least 1 day   

• An occurrence of ≥1 ICD-9-CM code of 780.39 AND ≥1 ICD-9-CM code of 345.xx  

(excluding 345.3) during separate medical encounters, specifically different dates of care in 

any medical care venue that are at least 1 day apart, when the first code identified during the 

baseline period is 780.39  

• An occurrence of at least one ICD-9-CM code of 345.xx (excluding 345.3)  

• Patients with ICD-9-CM code of 345.3 will be required to have  

− an occurrence of ≥2 ICD-9-CM codes of 345.3 separated by at least 30 days 

− or an occurrence of the ICD-9-CM code 780.39 followed by 345.3 code and separated by 

at least 30 days,  

− or ≥1 ICD-9-CM code 345.3 and ≥1 ICD-9-CM code 345.xx encounters on separated by 

at least 30 days 

The ICD-9-CM and ICD-10-CM codes for epilepsy were identified in the baseline period and 

are listed in protocol appendix 2.  The validity of the algorithms that are being used to identify 
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patients with epilepsy have been investigated in multiple studies. The performance of the 

algorithms was very variable. The positive predictive values varied widely across populations 

between 21% and 98%, the sensitivity ranged between 86% and 99%, whilst the specificity 

varied between 85% and 93% (7, 8).  

 

9.4.2 Exclusion criteria 

 

Patients were excluded from the study if they met any of the following criteria: 

Monotherapy analyses: 

4. Patients with a prescription of any AED during baseline period were excluded 

5. Patients starting 2 or more AEDs on index day were excluded 

Polytherapy analyses:  

6. Patients with a prescription of LEV or index AED during baseline were excluded 

7. Patients without any prescription of AED during baseline were excluded  

The rest of the criteria are applicable to both monotherapy and polytherapy: 

8. We excluded patients with preexisting renal disease to identify new cases of ARF after 

exposure to the index AED. Therefore, patients with a diagnosis claims of renal dysfunction 

and renal failure (ICD-9-CM 580.xx to 588.xx, 590.xx;) or use of dialysis (ICD-9-CM codes 

of, V45.1, V56.0, V56.1; or the procedure codes 3995 ), CPT codes for dialysis services of 

90935, 90937,90939, 90940, 90945,  90947, 90997, 90999, 99512, 99559 and HCPCS codes 

G0257; S9335; S9339 in any field of diagnosis / procedure during the baseline period will be 

excluded. 

9. We excluded patients with medical conditions or procedures that cause ARF, when these 

events occur close to the index date. This will ensure that the outcomes that the cases ARF 

identified during the follow-up period are attributable to the index AED, not other causal 

factors proximal to the index date. Therefore, the following patients were excluded:  

• Patients with a claims record of diagnosis of rhabdomyolysis (ICD-9-CM 728.88) in the 

90 days prior to the index date.  

• Patients with a claims record of a diagnosis of status epilepticus (ICD-9-CM 345.3) within 

90 days prior to the index date 

• Patients with a record of a hospitalization and a claims record indicating the patient had a 

major surgical procedure within 30 days prior to the index date 

• Procedures using radiocontrast agents within 30 days prior to the index date 
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9.4.3 Exposure: Treatment assessment  

Patients were considered as having continuous treatment coverage if the gaps between the supply 

of their consecutive prescriptions are less than 30 days. Patients were considered exposed to AED 

treatments 30 days after the date of last prescription + days of supply.  Benzodiazepines except 

for clonazepam and clobazam were excluded from analyses assessing type of AED treatment. The 

mode day’s supply of the non-missing, non-null, non-negative values were obtained for each AED 

prescribed (see protocol Appendix 1) for each patient. This was used for imputation of prescription 

records with null, negative, or missing values of the days’ supply during the study period. In case 

only one claim is present, or no mode exists, the mode of the non-missing, non-null, non-negative 

values for that AED for all patients were used.  Prescriptions with more than 90 days of drug 

supply were truncated at 90 days.   

9.4.3.1 Monotherapy 

Patients were classified as having received AED monotherapy treatment if their first registered 

pharmacy claims records for the index AED were preceded by a 12 months minimum continuous 

enrolment in the database without any AED claims. Patients receiving two or more AEDs on the 

same date were excluded from the analysis. 

Exposure to AED started from index date (first AED prescription registered in the database 

preceded by a minimum 12 months continuous enrolment period) and ended at the earliest of 

(Figure 9-1):  

• Discontinuance of insurance coverage  

• End of risk time-window (30 (main analysis), 60 or 90 (sensitivity analysis) days post 

index date)  

• End of the study period  

• First diagnosis of acute renal failure  
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Figure 9-1 Monotherapy design (Patients starting > 1 AED on index date are excluded) 

 

 

 

9.4.3.2 Polytherapy: Switchers or patients adding-on a new AED  

The “Polytherapy” analysis included patients adding a new AED to their regimen or switching to 

the index AED of interest. During the first weeks after the start of a new AED in patients having 

received previous AED prescriptions, patients are often taking more than one drug as they 

experience a period of so called “cross titration” where they are still on the former AED but start 

taking the new one. During this “cross titration” period which is also the period of highest risk for 

ARF (30 days), it is not possible to ascertain when patients are taking the drug in monotherapy or 

concomitantly with other AEDs (polytherapy). Therefore, this analysis considered all the epilepsy 

patients already exposed to AED treatment at baseline and receiving a new treatment of AED 

(different from those given during baseline) as potentially under polytherapy during the risk time 

window of the study. Exposure to AEDs started from the index date (first new treatment of AED 

after a minimum period of 12 months continuous enrolment) and ended at the earliest of (Figure 

9-2):  

• Discontinuance of insurance coverage  

• End of risk time-window (30 (main analysis), 60 or 90 (sensitivity analysis) days after index 

date) 

• End of the study period 

• First diagnosis of acute renal failure 
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Figure 9-2 Polytherapy design: Switch and add-on patients continuing AED 
treatment  

 

 

 

9.4.4 Outcome 

Patients were classified as having ARF if they had a diagnosis claim of at least 1 inpatient or 1 

emergency department with the ICD-9-CM diagnoses codes of 584.0 (acute renal failure, 

unspecified), 584.5 (acute tubular necrosis), 584.6 (cortical acute renal failure), 584.7 (medullary 

acute renal failure), 584.8 (acute renal failure with other specified pathologic lesion) and 584.9 

(acute renal failure, not otherwise specified) or ICD-10-CM diagnoses codes of N17.0 (acute 

kidney failure with tubular necrosis), N17.1 (acute kidney failure with acute cortical necrosis), 

N17.2 (acute kidney failure with medullary necrosis), N17.8 (other acute kidney failure), or N17.9 

(acute kidney failure, unspecified), as the principal diagnosis (using guidance for previous studies 

and the FDA sentinel case definition of ARF), during the follow-up period(9, 10)   

 

9.4.5 Other variables 

9.4.5.1 Characteristics of patients  

The following patient characteristics were described at index date: age, gender, region of 

residence, and type of database. Patients were stratified by age in years in these categories: 1-<4, 

4-17, 18-45, 46-64, 65+years. The region of residence was classified as Northeast, North Central, 

South or West regions of the US.  Database type will be classified as Commercial/Medicare and 

Medicaid. 
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9.4.5.2 Baseline comorbidities  

The prevalence of comorbidities associated with the risk of renal failure(11) in the baseline period 

were estimated including burns, cardiovascular disease, cerebrovascular disease, chronic 

obstructive pulmonary disease, diabetes mellitus, diabetic nephropathy, heart failure, hemolysis, 

hypertension, hypotension, hypovolemia, liver disease, myoglobinuria, obesity, other renal 

diseases, peripheral vascular disease, proteinuria, renal calculi, sepsis, small kidney of unknown 

cause, and systemic lupus erythematosus. A patient was identified as having comorbidity if they 

had at least 1 inpatient or 2 outpatient claims (encounters on separate days) with the ICD-9-CM 

code of interest (protocol appendix 3), as a principal diagnosis, during the baseline period. 

Furthermore, the burden of chronic medical conditions in the baseline period was estimated using 

the Healthcare Cost and Utilization Project (HCUP) Chronic Condition Indicator which 

categorizes ICD-9-CM diagnosis codes as chronic or not chronic (HCUP, 2011). Chronic 

conditions are defined as lasting ≥12 months and either (a) place limitations on self-care, 

independent living, and social interactions or (b) result in the need for on-going intervention with 

medical products, services, and special equipment. 

These baseline comorbidities were used to assess the balance in the baseline characteristics 

between the comparator groups after implementing the high-dimensional propensity score (HDPS) 

model. 

 

9.4.5.3 Baseline medications 

The total number of prescriptions during the baseline was estimated at the generic drug level, and 

the proportion of patients who had at least one prescription claim of any of the medications in the 

drug classes listed in appendix 4 of the protocol. The total number of previous AEDs prior to the 

index date was also estimated. These characteristics were used to assess the balance in the baseline 

characteristics between the comparator groups after implementing the HDPS model. 

 

9.4.5.4 Baseline health care utilization 

The overall number of health visits (inpatients, outpatients, emergency department visits) in the 

baseline period was also estimated. These characteristics were used to assess the balance in the 

baseline characteristics between the comparator groups after implementing the HDPS model. 

 

9.5 Data sources and measurement 

The analysis was performed using the IBM® MarketScan® Commercial Database (CCAE 2017 

v1 0), the IBM® MarketScan® Medicare Supplemental Database (MDCR 2017 v1.0), and the 

IBM® MarketScan® Multi-State Medicaid Database (MDCD 2017 v1.0). This is an US based 

database. The database contains information of over 125 million covered lives comprising of 

commercially insured individuals (i.e. working age adults and their dependants), patients aged 65 

years and older with Medicare coverage plus employer-paid commercial plans and individuals 

with limited resources whose insurance is paid by the state respectively. The database captures 

information on medical (inpatient, outpatient, and emergency care) and pharmacy claims 

information, as well as enrolment history.  The medical service claims record detailed information 
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for inpatient and outpatient healthcare encounters, including date and place of service, provider 

type, plan- and patient-paid amounts, International Classification of Diseases, 9th and 10th 

Revisions, Clinical Modification (ICD-9-CM and ICD-10-CM) diagnosis and procedure codes, 

and CPT-4 procedure codes. Pharmacy claims include information on dispensed medications 

including National Drug Code (NDC), dispense date, quantity, days supplied, and plan- and 

patient-paid amounts. The enrolment file contains information on age, gender, US census region, 

health insurance payer type, and monthly enrolment status. These files are linkable based on an 

encrypted patient identification number. 

 

9.6 Bias 

Below a list of potential study strength and limitation anticipated at the design stage: 

• The study population is limited to patients with Commercial, Medicare Supplemental or 

Medicaid insurance coverage, and therefore results may not be representative of the 

entire US population, as uninsured patients are not included in the database. Risk factors 

for dose-dependent drug induced ARF have been well described in literature. However, 

there is very limited data published on idiosyncratic drug induced ARF; most of the 

available data is available from case reports(12). Although there may be differences in 

the socioeconomic characteristics in the patients included in the database and patients 

that are excluded due to lack of insurance, it is assumed that the underlying risk factors 

of idiosyncratic ARF are non-differential and therefore would not have a significant 

impact on the study estimates.  

• There might be missing information, miscoding or underreporting of disorders in the 

claims data. Ascertainment of drug exposures, diagnoses, and procedures depends on the 

precision available in coding systems and the accuracy with which codes are assigned to 

services. The exposure and outcome variables will be identified using validated 

algorithms which have been identified to have high specificity. Valid relative effect 

measures can still be estimated when the specificity of a test is high under the assumption 

of non-differential misclassification across treatment groups (13, 14). Additionally, 

sensitivity analyses will be conducted to assess the impact of the algorithms on the effect 

estimates.  

• Insurance claims are financial records in which the diagnosis is the justification for the 

medical service. Tentative, rule-out diagnoses can be difficult to distinguish from 

confirmed diagnoses. When defining the outcomes in the primary analysis, we have 

limited them to the principal diagnoses has been known to represent the main diagnosis. 

A sensitivity analysis will also be done to assess the impact of using the main diagnosis 

only versus all diagnoses.  

• Patient receipt of a dispensing of an AED is documented in claims data, but there is no 

record of actual use of drugs. Consequently, there will be some patients who will be 

misclassified as having been exposed to the index drug even though they did not take the 

index drug. It is assumed that this will be non-differential across the treatment groups 

and therefore will have minimal impact on the study results.  
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• Information on potential confounders such as lifestyle, occupational, and environmental 

factors are missing or at best incomplete in claims data. However, most of the well-

known risk factors for ARF are comorbidities or medications that are well captured in the 

database. As such it is anticipated that most of the confounders will be adjusted for in the 

analyses.  

• Finally, the study is not powered to detect moderate changes in the risk of ARF.  

However, despite these limitations, there are several advantages of using this database. 

Because of the large sample size, adequate number of patients will be included in the study 

to assess the risk of renal failure. Additionally, the data represent real-life management of 

patients with epilepsy. 

 

9.7 Study size 

All patients addressing the inclusion/exclusion criteria were included in the analysis. Below, the 

former feasibility assessment included previously in the most recent version of the protocol V1.0 

is presented. Additional discussion on the power obtained after conducting the analysis can be 

found in section 11.2.1.  

A previous feasibility assessment was conducted in the IBM® MarketScan® Research Databases 

using the Safety Works software to estimate the number of patients exposed to LEV or other 

AEDs as monotherapy. Patients were defined as having monotherapy if they had a prescription 

of an index AED without the prescription of any other AEDs during the follow-up period. 

Patients were required to have at least one ICD-9-CM code for epilepsy (345) or at least two 

ICD-9-CM codes for seizures (780.39) in the baseline period of 6 months prior to the index date. 

The number of patients who had monotherapy are provided in Table 9‒1. 

 

Table 9‒1: Number of epilepsy patients with AED monotherapy  

Description 
Total number of 

patients 
Total Outcomes (renal failure) 

Levetiracetam 101,424  3,120  

Lamotrigine   45,565  501  

Phenytoin 38,785  1,152  

Valproic acid  33,202  648  

Carbamazepine 29,883  406  

Gabapentin 29,158  1,218  

Topiramate  26,052  296  

Oxcarbazepine 20,848  187  

Phenobarbital 9,456  204  

Pregabalin 7,067  290  
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Description 
Total number of 

patients 
Total Outcomes (renal failure) 

Zonisamide 6,397  70  

Lacosamide 3,452  63  

Ethosuximide 3,334  4  

Clobazam  435  2  

Felbamate  260  1  

Vigabatrin 149  1  

Rufinamide 142  2  

Tiagabine 101  3  

Eslicarbazepine 96  - 

Perampanel 27  1 

Retigabine 10  - 

Based on the number of patients in each AED cohort from the feasibility assessment (Table 9‒1), 

including cohorts with a minimum sample size of 3000,  an overall 2-sided 95% confidence  

interval (and accounting for the multiple comparisons using the Bonferroni test to a confidence 

interval of 99.995%), a power of 80%, and also assuming the incidence of ARF is 0.5% based on 

results from a population-based study conducted in the US that estimated the incidence of ARF 

(15), the minimum difference in the incidence rate ratio of ARF that can be detected ranges from 

1.5 to 4.0. There are no published data available estimating the incidence rate of ARF in epilepsy 

patients in general or in subpopulations of patients exposed to AEDs. These estimates for the 

baseline incidence rates of ARF were obtained from a community-based study and assumed to be 

the same across all comparator cohorts(15). The Bonferroni adjustment has been included in the 

sample size calculation to reduce the chances of obtaining false-positive results (type I errors) as 

there will be multiple comparisons in this study. Table 9‒2 provides further information on the 

sample size calculations. 

Table 9‒2: Sample size calculations for the study  

Reference 

proportion 

Proportion ratio Power Alpha Sample Size 

0.005 4.0 0.800 0.05 1,016 

0.005 2.0 0.800 0.05 5,148 

0.005 1.5 0.800 0.05 16,608 

0.005 4.0 0.800 0.01 1,450 

0.005 2.0 0.800 0.01 7,469 

0.005 1.5 0.800 0.01 24,326 

0.005 4.0 0.800 0.005 2,840 
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Reference 

proportion 

Proportion ratio Power Alpha Sample Size 

0.005 2.0 0.800 0.005 14,928 

0.005 1.5 0.800 0.005 49,137 

 

For this study the attained power for the minimum sample size required (3000 patients) assuming 

an ARF incidence of 0.005, a level of significance of 0.05 and varying proportion ratios of 4.0, 2.0 

and 1.5 was 99.95, 61.21 and 23.23 for a sample size of 3000. Additional power calculations are 

reported in Table 9‒3: Attained power for minimum sample size of 3000.   Open Source 

Epidemiologic Statistics for Public Health (OpenEpi) was used to compute the sample size and 

power calculations for this study. 

 

Table 9‒3: Attained power for minimum sample size of 3000  

Reference 

proportion 

Proportion 

ratio 

Power1
 Power2 Alpha Sample Size 

0.005 4.0 99.95 99.92 0.05 3,000 

0.005 2.0 61.21 55.16 0.05 3,000 

0.005 1.5 23.23 18.19 0.05 3,000 

0.005 4.0 99.61 99.45 0.01 3,000 

0.005 2.0 37.01 31.33 0.01 3,000 

0.005 1.5 8.77 6.09 0.01 3,000 

0.005 4.0 97.4 96.6 0.005 3,000 

0.005 2.0 14.75 11.42 0.005 3,000 

1Normal approximation 
2Normal approximation with continuity correction 

 

9.8 Data transformation 

The IBM® MarketScan® Research Databases electronic database comprises of fully adjudicated 

and paid claims records of integrated longitudinal enrollment, inpatient, outpatient and drug data 

from multiple payors that has been standardized and de-identified prior to use for the analysis. The 

source data were transferred from MarketScan® Databases via a Secure File Transfer Protocol 

(FTP) to a UCB internal server with access protection (landing zone). The data were transferred 

on a quarterly basis to UCB with full year updates at the end of the year. From the landing zone, 

the data were moved to a destination folder which had been established specifically for storing the 

IBM® MarketScan® Databases source data on the processing system, where the data were 

converted into the native format and indexed via SAS software. This process was conducted only 

by individuals within UCB who had appropriate access rights to the protected storage area of the 
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processing system. Subsequent analysis of the converted data and data extracts were performed 

using SAS 9.4 software (SAS Institute, Inc., Cary, North Carolina) on the processing system, while 

creating and storing extracts and results on the same system in separated folders per study. 

 

9.9 Statistical methods 

 

9.9.1 Main summary measures 

Means and standard deviations, medians and interquartile range, minimum and maximum values, 

were used to describe continuous variables, whereas frequencies and percentages were used to 

describe categorical variables.   

 

9.9.2 Main statistical methods 

The incidence rate (IR) was calculated as the total number of new cases diagnosed with acute renal 

failure during the follow-up period divided by the sum of person-months at risk during follow-up. 

The person time for each patient was calculated as the total number of days of follow-up from the 

index date to the censoring date as indicated in section 9.4.3. The incidence rate ratio (IRR) was 

obtained by dividing incidence rate in the LEV cohort by the incidence rate for each of the 

comparator cohorts. 

The modified Poisson regression model with robust variance estimator was used to estimate the 

IRs and IRRs of acute renal failure(16). The crude IR and 95% confidence intervals (CI) were 

calculated as the number of new cases per 10,000 person-months of follow-up and reported 

separately for each AED treatment cohort.  Crude incidence rate ratios and 95% CI based on 

unweighted samples were computed to compare the incidence rates of ARF between LEV and 

each comparator AED cohort. Thereafter, to control for confounding, modified Poisson regression 

model with robust variance estimator was constructed based on truncated stabilized IPTW 

weighted samples. Adjustment for baseline differences between the LEV and comparator AED 

cohorts to minimize bias due to confounding was performed using a HDPS which were generated 

using a multivariate logistic regression model, in order to balance the cohorts with respect to 

observed patient characteristics in the baseline period. Key variables such as age, sex, region, year 

of index date, health plan type, database type, along with baseline covariates such as 

comorbidities, chronic conditions, co-medications, and healthcare utilizations are included into 

the model as predefined covariates. Besides these predefined covariates, HDPS algorithm selected 

empirical covariates from 5 data dimensions (inpatient diagnoses, outpatient diagnoses, inpatient 

procedures, outpatient procedures, outpatient pharmacy dispensing). As the IBM® MarketScan® 

Research Databases contains multiple coding dictionaries for diagnoses (ICD-9-CM, ICD-10-CM) 

and for procedures (ICD-9-CM, ICD-10-PCS, CPT, HCPCS), the Clinical Classification Software 

(CCS) from the HCUP (a Federal-State-Industry partnership sponsored by the Agency for 

Healthcare Research and Quality) was used to group codes into same set of clinically meaningful 

categories from different coding systems. Using CCS categories has been shown to improve HDPS 

confounding adjustment and reduce substantial residual confounding when compared with the 

RCT findings(17). For outpatient pharmacy dispensing, generic drug name from IBM® RED 

BOOK® was used. The default number (200) of the most prevalent empirical covariates from each 
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dimension were considered in the next prioritization step. The default ranking method “Bross bias 

formula” was used to prioritize the selected empirical covariates from all 5 dimensions. The top 

500 (default) empirical covariates were included in the resulting logistic model. A propensity score 

is estimated for each subject as a predicted probability of exposure conditional on all covariates 

using multivariate logistic regression(18).   

Once the HDPSs were estimated, they were converted into stabilized IPTW and extreme values 

were truncated at 1 and 99 percentiles. These truncated stabilized IPTW were applied to create a 

pseudo-population where the measured covariates are not associated with the outcome, and both 

the exposed and unexposed groups are standardized to the overall population(19). Graphical 

displays (e.g. boxplots) and descriptive statistics were used to assess the distribution of the 

stabilized weights.  Generally, a mean of 1 for the weights is viewed as a necessary condition for 

correct model specification (20, 21). The characteristics of the individuals with outlier weights 

were examined and if necessary, the model was re-specified and the weights re estimated, or if the 

outlier weights were not significant the weights were truncated. After the HDPS have been 

generated, violations of underlying assumptions were assessed.  Positivity violations were 

assessed by plotting the propensity score distributions in an overlay plot for the comparator groups. 

To evaluate adequate overlap of the propensity scores, the density distribution of the propensity 

scores was visually inspected (22). The performance of the model was evaluated by assessing the 

covariate balance across the treatment groups. Standardized differences were used to compare the 

mean or prevalence of baseline covariates between the comparator treatment groups in the samples 

weighted by truncated stabilized IPTW. If covariate imbalances remained, the model was refined 

by either using interaction terms, or modifying the continuous variables (e.g. splines, polynomials 

or cubic terms). A separate HDPS model was developed for each comparison of LEV and another 

AED.  

After the final HDPS had been generated, the truncated stabilized weights were applied in the 

outcome model to generate final adjusted estimates of the overall effect of each exposure of 

interest. Advantages of IPTW include retention of all study patients and estimate of an average 

exposure effect in the whole population of eligible patients. 

 

9.9.3 Missing data 

Based on summary data provided by IBM MarketScan Databases, there were no missing data for 

age, gender and enrollment information. For the remaining demographic variables which include 

region, and health plan type the value “Unknown” was used for missing records. For variables 

derived using diagnoses, procedures, and prescriptions codes, patients were assumed to have 

experienced an event or filled a medication prescription if the relevant code(s) were found among 

their claim records. Otherwise, it was assumed that the patient did not experience the event or 

were not prescribed the medication. For prescription data, in patients who have initial treatment, 

missing data were imputed as follows: The mode day’s supply of the non-missing, non-null, non-

negative values were obtained for each AED prescribed (see protocol appendix 1) for each patient. 

This was used for imputation of prescription records with null, negative, or missing values of the 

days’ supply during the study period. In case only one claim was present, or no mode existed, the 

mode of the non-missing, non-null, non-negative values for that AED for all patients was used.  

Prescriptions with more than 90 days of drug supply were truncated at 90 days. 
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9.9.4 Sensitivity analysis 

Several sensitivity analyses were conducted. First, sensitivity analyses were conducted to assess 

the impact of the parameters used in the case definitions of the treatment exposure and study 

outcome by using the case definitions indicated below:  

• Renal failure definition as defined in section 9.4.4 but including claims identified in any field 

of diagnosis. 

• Renal failure case definition including the presence of the ICD-9-CM  or ICD-10-CM codes 

of ARF as defined in section 9.4.4 plus the presence of at least 1 code of renal dialysis,  ICD-

9-CM codes of, V45.1, V56.0, V56.1; or the procedure codes 3995 , CPT codes for dialysis 

services of 90935, 90937,90939, 90940, 90945,  90947, 90997, 90999, 99512, 99559 and 

HCPCS codes G0257; S9335; S9339 in any field of diagnosis / procedure. 

• 60 days risk time windows. 

• 90 days risk time windows.  

• Additional exclusion criterion of a minimum of 30 days continuous enrolment in the 

database after index date. While this analysis ensures that patients are all enrolled for 30 days 

and that any episode of ARF would be caught it will, however, also exclude any patient who 

died or was disenrolled from the database before 30 days because of ARF (or any other 

reason). 

• Monotherapy analysis stopping follow-up at the introduction of a new AED instead of 30 

days risk time window if the introduction occurred between index date and end of risk time 

window.  

• Analysis using only ICD-9-CM coding, with data selection until October 2015.  

 

9.9.5 Amendments to the statistical analysis plan 

 

Additional analyses were added post hoc to address the issue of model misspecification for the 

one-to-one (hereafter referred to as “1:1”) “monotherapy” analyses mentioned in section 

9.4.3.1.: 

• Levetiracetam vs. all other AEDs in one comparison group in order to increase study size 

(hereafter referred to as “Mono-overall”) 

In order to verify that the HDPS was performing optimally, we carried out a more classic 

propensity score including all potential confounders listed in appendix 3 and 4 of the protocol 

(clinical conditions and medications that could impact the risk of AEDs on ARF).  

• Simple propensity score with age as a continuous variable 

• Simple propensity score with age as a categorical variable  
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9.10 Quality control 

The IBM® MarketScan® Research Databases contain information on claims that have been paid 

and adjudicated. The data are tested for completeness at the client-plan level. In addition, the data 

are checked for accuracy and completeness by testing selected fields of medical and drug coverage 

indicators for validity and non-standard values, and quantifying missing fields and records. Only 

MarketScan Annual Files are used in this study which guarantees the highest completeness level 

and longitudinal integrity. All codes used for each of the study variables are available in the 

statistical analysis plan. After finalizing the protocol, a statistical analysis plan was developed as 

a guide for conducting analysis. The statistical analysis plan was reviewed and approved by the 

study team before any analysis was conducted. Double programing was used in order to validate 

the analysis. 

In October 2015, IBM® MarketScan® Research Databases transitioned from the use of ICD-9-CM 

to the use of ICD-10-CM. In order to verify the coherence of ICD-9-CM to ICD-10-CM 

translations, plots of incidence and prevalence of these codes before and after ICD transition in 

IBM® MarketScan® Research Databases were carried out as described in Panozzo, 2018 for every 

variable used in the model(23). For this reason, some ICD-9-CM codelists might have been subject 

to small changes in order to ensure the continuity of variable definitions with ICD-10-CM. All 

ICD-9-CM and corresponding translations with ICD-10-CM are available in the statistical analysis 

plan. 

 

Correction of two programming errors lead to the current amendment of the first study report.  

 

When working on the journal manuscript submission, two errors in statistical programming were 

discovered.  

 
1. In the analysis, some baseline comorbidities of interest were defined using Clinical Classification 

Software (CCS) categories  from the HCUP (a Federal-State-Industry partnership sponsored by 

the Agency for Healthcare Research and Quality (see part 9.5.4.2 Baseline comorbidities in 

study report)). During the analysis, some of these categories were omitted in the computation 

of the comorbidities (see Table 4 below). This ‘missing CCS codes’ issue was due to some un-

displayable non-breaking ‘A0’x or null character ‘00’x read from the excel file that contained 

the final chosen CCS categories. These un-displayable characters prevent correct linkage to map 

the appropriate CCS codes and hence some corresponding ICD codes were missed for the 

identification of these 4 baseline comorbidities. Tables 7. and 11. in the study report show 

corrected comorbidities for the monotherapy and polytherapy analyses. 

2. We also identified a problem with the java script in the HDPS program (High Dimensional 

Propensity Score) described in detail below. This caused some dimensions of the propensity score 

to be omitted during the analysis, therefore affecting the weighted estimates.   

Table 4 CCS categories omitted in the baseline comorbidities definitions 

Comorbidity of interest Missing CCS 

Cardiovascular Disease 100 
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Cerebrovascular Disease 78, 109, 110, 112, 113 

Diabetes Mellitus 49 

Hypertension 58 

 
 

 

The calculation of the High Dimensional propensity score was done through the 

Pharmacoepidemiology Toolbox 

(https://www.drugepi.org/dope/software#Pharmacoepidemiology) provided by the Division of 

Pharmacoepidemiology and Pharmacoeconomics at Brigham and Women's Hospital & Harvard 

Medical School.  

This toolbox provides a number of functionalities as written in its documentation2 including 

propensity score matching. For the purpose of this study, only 2 of the provided functionalities 

were used, i.e. high dimensional variable selection and high dimensional propensity scores.  

In EUPAS26595, SAS programs were written to submit necessary parameters and the following 

5 data dimensions to the toolbox. Subsequently, the toolbox invoked Java to empirically identify, 

prioritize, and select proxy covariates for adjustment in logistic regression model to generate 

propensity scores. 
(1) Outpatient drug dispensed 

(2) Inpatient diagnoses 

(3) Outpatient diagnoses 

(4) Inpatient procedures 

(5) Outpatient procedures 

Unexpected messages were found when log files were reviewed. These messages were generated 

when the toolbox invoked its Java component for the variable selection step. However, these 

messages were not warnings or error messages, and the toolbox continued to execute the rest of 

the steps without aborting the algorithm. A closer look into the log files revealed that, whenever 

these Java messages appeared, only 1 or 2 data dimensions out of the 5 input data dimensions 

were being selected for the Proc Logistic regression which produced the required propensity 

scores. The occurrence of these messages seems to surface in a random manner, that is, it is not 

related to the number of patients nor the number of outcomes the submitted cohort contained.  

The SAS macro from the toolbox was modified to detect the message and re-try the Java step 

until no message was produced.    
 

After addressing the issues, the weighted primary analysis showing the Risk Ratio for ARF for 

LEV use vs. other antiepileptic drugs was reduced from 1.59 CI95% (0.95, 2.68) to 1.37 CI95% 

(0.8, 2.34) for monotherapy and from 1.15 CI95% (0.65, 2.02) to 0.94 CI95% (0.51, 1.74) for 

polytherapy (see tables 1 and 2 below).  

These changes do not modify the conclusions of the study below.  

 

 

                                                 
2 http://017c85b.netsolhost.com//wp-

content/uploads/2013/10/Using_the_Pharmacoepi_Toolbox_in_SAS_2.4.15.pdf 
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10 RESULTS 

 

10.1 Participants 

 

The current analysis includes a total of 110,336 patients “AED Monotherapy” and 96,215 patients 

“AED Polytherapy” addressing the study selection criteria found in section 9.4.2. The two patients 

flow charts below present the number of patients excluded at each stage of the patient selection 

for Monotherapy and Polytherapy analyses.  
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Figure 1. Patient Flow chart: AED “Monotherapy” analysis 
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Figure 2 Final number of patients included (Monotherapy analysis) 

  

REDACTED C
OPY 

This
 do

cu
men

t c
an

no
t b

e u
se

d t
o s

up
po

rt a
ny

 m
ark

eti
ng

 au
tho

riz
ati

on
 ap

pli
ca

tio
n a

nd
 an

y e
xte

ns
ion

s o
r v

ari
ati

on
s t

he
reo

f. 



UCB July 30th 2021 

Non-Interventional PASS Final Clinical Study Report V2.0     Levetiracetam EUPAS26595 

   

Confidential Page 36 of 87 

 

Figure 3 Patient Flow chart: AED “Polytherapy” analysis 
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10.2.2 Monotherapy analysis (unweighted) 

 

 

Descriptive characteristics of patients included in “Monotherapy” analysis are presented below 

in Table 7, Table 8, Table 9, and   

REDACTED C
OPY 

This
 do

cu
men

t c
an

no
t b

e u
se

d t
o s

up
po

rt a
ny

 m
ark

eti
ng

 au
tho

riz
ati

on
 ap

pli
ca

tio
n a

nd
 an

y e
xte

ns
ion

s o
r v

ari
ati

on
s t

he
reo

f. 



UCB July 30th 2021 

Non-Interventional PASS Final Clinical Study Report V2.0     Levetiracetam EUPAS26595 

   

Confidential Page 39 of 87 

Table 10 below before weighting.  

Substantial differences in age means and age distributions can be observed between each 

individual AED patient groups. For instance, the mean age of LEV users is 30.3 years while the 

mean age of OXC users is 14 years old. The use of other drugs (non-AED) drugs at baseline also 

show substantial differences before weighting. For instance, 15.2% of LEV users also used 

antidepressants at baseline vs. 25.2% for VPA users and 32.4% for TPM users.  
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10.4 Main results 

 

As per protocol, analyses with less than 3000 patients or less than 1 ARF case were not 

performed.  

 

10.4.1  Assessment on model assumptions 

 

In order to assess the adequacy of model assumptions, the following sections present the 

distributions of propensity score for each analysis arm, distributions of stabilized weight and 

standardized differences in means for baseline covariates.  

 

10.4.1.1 Propensity score distributions 

 

Below the distributions of unweighted and weighted propensity score (PS) distributions for the 

primary analysis (30 days with primary ARF diagnosis).  

 

• Monotherapy analysis 

Figure 4, Figure 5, and Figure 6 show the unweighted and weighted PS distributions 

obtained from HDPS models. 

Distributions of propensity scores show substantial differences for 1:1 comparisons 

before weighting, especially for oxcarbazepine or gabapentin.  

These distributions show some improvement in overlapping after weighting, nevertheless, 

region of overlapping is still considered inadequate in most 1:1 comparisons except for the 

comparison for valproic acid. 

Higher degree of overlapping between LEV and comparator cohorts is found for the Mono-

overall comparison, and sufficient overlapping area is observed after weighting. 

 

• Polytherapy analysis 

Polytherapy analysis has similar observations as the Mono-overall comparison described 

above. Both the LEV polytherapy group and the polytherapy comparator show an 

adequate degree of overlapping, improved by the weighting.  (see Figure 6 ) 

 

Conclusion: When examining these distributions, we can already foresee issues with the models 

for 1:1 comparisons, due to marked differences in the populations and relatively low numbers in 

each of the comparator groups. The absolute standardized differences in means of relevant 

covariates will help to evaluate the validity of these models further in section 10.4.1.3 below.  
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Figure 4 Unweighted and weighted PS distributions for levetiracetam (LEV), carbamazepine (CBZ), 

gabapentin (GBP) and lamotrigine (LTG). Y-axis shows the percentage of participants, x-axis shows 

propensity score. 
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Figure 5 Unweighted and weighted PS distributions for levetiracetam (LEV), oxcarbazepine (OXC), 

phenytoin (PHT) and topiramate (TPM). Y-axis shows the percentage of participants, x-axis shows 

propensity score. 
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Figure 6 Unweighted and weighted PS distributions for levetiracetam (LEV) and valproic acid (VPA), 

“Monotherapy” all AEDs comparator and “polytherapy” analysis groups. Y-axis shows the percentage of 

participants, x-axis shows propensity score. 
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10.4.1.3 Absolute standardized differences of baseline covariates 

Absolute standardized differences in means were calculated after weighting by truncated stabilized 

IPTW in order to assess the presence of any residual differences in baseline covariates. 

Standardized difference < 0.1 indicate negligible difference (satisfactory balance) between the 

comparison cohorts and the covariate is considered to have achieved balance.  

Standardized differences are shown in the figures below, before and after weighting for the 

covariates which show the highest level of differences. Again, analyses for “Monotherapy” 

(comparing LEV with other AEDs as one group) and polytherapy were well balanced as opposed 

to most 1:1 comparisons. Only valproic acid (VPA) had all covariates with standardized 

differences below 0.1.  

In the 1:1 comparisons, many covariates remained imbalanced after weighting. For instance, 

models for carbamazepine, gabapentin, oxcarbazepine, phenytoin and topiramate still did not 

achieve balance on age after weighting (absolute standardized difference respectively: 0.12; 0.30; 

0.29; 0.37; 0.14). Models for carbamazepine, lamotrigine, oxcarbazepine, and topiramate showed 

relatively high level of differences in patients who had all cause hospitalizations during baseline 

(absolute standardized difference respectively: 0.15; 0.14; 0.15, and 0.14).  

In the 1:1 comparisons, only the model comparing LEV with valproic acid achieve a satisfactory 

balance on covariates of interest (see Figure 7, Figure 8, Figure 9, Figure 10 ).  

When the number of patients increased in the “Monotherapy-overall” and “Polytherapy” analyses, 

all baseline covariates of interest achieved balance (see Figure 10, Figure 11 ).  
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Figure 7 Absolute standardized differences, primary analysis “Monotherapy” comparing levetiracetam (LEV) to carbamazepine (CBZ) and gabapentin (GBP). 

The 20 highest standardized differences after weighting are included here, specific for each drug. X-axis shows absolute standardized difference. 
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Figure 8 Absolute standardized differences, primary analysis “Monotherapy” comparing levetiracetam (LEV) to lamotrigine (LTG), oxcarbazepine (OXC). 

The 20 highest standardized differences after weighting are included here, specific for each drug. X-axis shows absolute standardized difference. 
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Figure 9 Absolute standardized differences, primary analysis “Monotherapy” comparing levetiracetam (LEV) to phenytoin (PHT) or topiramate (TPM). The 

20 highest standardized differences after weighting are included here, specific for each drug. X-axis shows absolute standardized difference. 
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Figure 10 Absolute standardized differences, primary analysis for analyses comparing levetiracetam to valproic acid (VPA) or the “Monotherapy”-all AEDs 

comparator group. The 20 highest standardized differences after weighting are included here. X-axis shows absolute standardized difference. 
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Figure 11 Absolute standardized differences, primary analysis “Polytherapy” comparing groups with and without levetiracetam. The 20 highest 

standardized differences after weighting are included here. X-axis shows absolute standardized difference 
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10.4.1.4 Other model specifications for 1:1 analyses  

 

Several different model specifications were performed to potentially improve balance of 

covariates. “Simple” logistic regression models were carried out using baseline comorbidities and 

co-medications (appendices 3 and 4 in the protocol) as binary variable, and as quintiles; include 

age as continuous, as quadratic, and age-groups. High dimensional propensity score model using 

confounder/exposure “risk ratio” as ranking method was also performed. However, these attempts 

did not provide any improvement in the balance of covariates for the 1:1 analyses.  

Therefore, as commented previously, only the results of the valproic acid “Monotherapy analysis”, 

the “Monotherapy” analysis comparing with the “all-AEDs Monotherapy” group, and the 

“Polytherapy” analysis show satisfying balance across all covariates of interest. 

 

10.4.2 Results  

Based on summary data provided by IBM® MarketScan® Research Databases, there was no 

missing data for age, gender and enrollment information. For the remaining demographic 

variables which include region (not provided for patients from Medicaid database) and health 

plan type the value “Unknown” was used for missing records and the results are showed in Table 

7 and Table 11. Day supply values from all prescriptions were imputed as described in section 

9.9.3. 

 

10.4.2.1 Overall crude ARF rates in AED users 

 

The crude incidence rate for ARF in epilepsy patients without known renal dysfunction taking 

AEDs is very low: Overall, in the “Monotherapy” cohort, a crude rate of ARF of 6.0 per 10,000 

patients was found (66 ARFs for 110,336 patients), and 6.5 per 10,000 patients for the 

“Polytherapy” cohort (63 ARF for 96,215 patients) in the first 30 days after index date.  

 

10.4.2.2 Incidence rate ratios for ARF in levetiracetam users vs. other AEDs 
used in monotherapy or polytherapy.   

 

• Section A below presents results for the primary analysis. In 1:1 “Monotherapy” analyses, 

IRRs for ARFs in levetiracetam groups vs. other AEDs vary from 0.65 CI95% (0.16, 2.69)  

for carbamazepine to 12.88 CI95% (1.77, 93.77 for oxcarbazepine.  However, as explained 

above, the balance of covariates was not achieved for most of these analyses due to the low 

number of patients in the comparator arms. When combining all AEDs together comparing 

LEV users to all other AED in “Monotherapy”, the weighted IRR for ARF is 1.37 CI95% 

(0.80, 2.34) decreasing to 1.26 CI95%(0.86-1.84) and 1.04 CI95% (0.76-1.44)  

respectively in the analyses 60 and 90 days after index date. For the analysis comparing 

LEV and other AEDs in “Polytherapy”, the IRR is 0.94  CI95% (0.51, 1.74) decreasing 
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to 0.77 CI95% (0.49-1.23) and increasing to 0.98 CI95% (0.68-1.42)  in the analyses 60 

and 90 days after index date.  

 

• Section B presents sensitivity analyses using primary and secondary codes in order to 

identify ARF. In 1:1 comparisons, weighted IRRs vary from 0.61 CI95% (0.30, 1.24) for 

gabapentin to 3.49 CI95% (0.69, 17.56) for oxcarbazepine. However, as stated earlier, the 

balance of covariates was not achieved for most of these analyses due to the low number 

of patients in the comparator arms. When combining all AEDs together comparing LEV 

users to all other AED in “Monotherapy”, the weighted IRR for ARF is 1.07 CI95% (0.75, 

1.51) and 1.19 CI95% (0.82, 1.73) for the analysis comparing LEV and other AEDs in 

“Polytherapy” at 30 days after index date. 

 

• When using a stricter definition of ARF using dialysis codes in section C, the numbers of 

ARFs are reduced further and therefore many analyses 1:1 in “Monotherapy” show 

comparator groups with zero ARFs. When comparing LEV and all other AEDs in 

“Monotherapy”, the weighted IRR is 1.98 CI95% (0.43, 9 09) and 0.34 95% CI (0.07, 1.72) 

for the “Polytherapy” analysis comparing LEV Polytherapy users to all the other AED 

users in polytherapy at 30 days after index date.  
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A. Incidence rate ratios (IRR) for ARF as primary diagnosis only in IBM® MarketScan® Databases, Monotherapy and 
Polytherapy analyses for 30 days (Primary analysis), 60 and 90 days after index date (sensitivity analyses) 

 

 

Figure 12 ARF as primary diagnosis only : Incidence Rate Ratios for levetiracetam vs. AED comparators (Monotherapy and polytherapy analysis) for 30 

days (Primary analysis), 60 and 90 days after index date (sensitivity analyses) -weighted (solid square) and unweighted (empty squares) Baseline is the 

AED comparator group (not levetiracetam)   

Max=Maximum; 

IRR=Incidence rate ratio; CI=Confidence interval; 

CBZ=Carbamazepine, GBP=Gabapentin, LTG=Lamotrigine, OXC=Oxcarbazepine, PHT=Phenytoin, TPM=Topiramate, VPA=Valproic acid 
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Additional Table 19 and Table 20 for 60 and 90 days risk windows can be found in appendix 2.  

 

B. Incidence rate ratios (IRR) for ARF using primary and secondary ARF codes in IBM® MarketScan® Databases 
Monotherapy and Polytherapy analyses for 30 days (Primary analysis), 60 and 90 days after index date 
(sensitivity analyses) 

 

Figure 13 ARF using primary and secondary ARF codes in IBM® MarketScan® Databases: Incidence Rate Ratios for levetiracetam vs. AED comparators 

(Monotherapy and polytherapy analysis) for 30 days (Primary analysis), 60 and 90 days after index date (sensitivity analyses) -weighted (solid square) and 

unweighted (empty squares) 

Max=Maximum; 

IRR=Incidence rate ratio; CI=Confidence interval; 

CBZ=Carbamazepine, GBP=Gabapentin, LTG=Lamotrigine, OXC=Oxcarbazepine, PHT=Phenytoin, TPM=Topiramate, VPA=Valproic acid 
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C. Incidence rate ratios (IRR) for ARF using a stricter definition for ARF (sensitivity analyses) 

 

 

Figure 14 ARF primary code in IBM® MarketScan® Databases using a stricter definition with dialysis codes: Incidence Rate Ratios for levetiracetam vs. 

AED comparators (Monotherapy and polytherapy analysis) for 30 days (Primary analysis) only. -weighted (solid square) and unweighted (empty squares) 

ICD=International Classification of Diseases; 

IRR=Incidence rate ratio; CI=Confidence interval; 

CBZ=Carbamazepine, GBP=Gabapentin, LTG=Lamotrigine, OXC=Oxcarbazepine, PHT=Phenytoin, TPM=Topiramate, VPA=Valproic acid 
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D. Other sensitivity analyses  

 

Three additional sensitivity analyses were carried out  

• A minimum of 30 days continuous enrolment during follow-up period for all patients included in the analysis (Figure 17   Incidence 

rate ratios for ARF : Sensitivity analysis with a minimum of 30 days enrolment for all patients included in the analysis Incidence Rate Ratios for 

levetiracetam vs. AED comparators (Monotherapy and polytherapy analysis) for 30 days (Primary analysis) only. -weighted (solid square) and 

unweighted (empty squares). Levetiracetam group as reference. ) 

• Censoring patients at the date of prescription of another AED after index date (Figure 18   Incidence rate ratios for ARF : Sensitivity 

analysis censoring patients at the date of prescription of another AED after  index date. Incidence Rate Ratios for levetiracetam vs. AED 

comparators (Monotherapy and polytherapy analysis) for 30 days (Primary analysis) only. -weighted (solid square) and unweighted (empty 

squares). Levetiracetam group as reference. ) 

• Study end date as 30th of Sep, 2015, date of the transition of the database from ICD-9-CM to ICD-10-CM (Figure 19   Incidence rate 

ratios for ARF : Sensitivity analysis comparing the results of the study before and after October 2015, date of the transition of the database from 

ICD-9-CM to ICD-10-CM . Incidence Rate Ratios for levetiracetam vs  AED comparators (Monotherapy and polytherapy analysis) for 30 days 

(Primary analysis) only. -weighted (solid square) and unweighted (empty squares). Levetiracetam group as reference. ) 

 

These sensitivity analyses are presented in Section 15.2  as they show no or very little difference with analyses presented in Figure 12.  
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Figure 15 Graphical representation of weighted Incidence Risk (IR per 10,000 patient-months) for the 
Monotherapy analysis (levetiracetam vs. all other AEDs) and the Polytherapy analysis (levetiracetam vs. other 
AEDs Polytherapy) at 30, 60 and 90 days.  
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Figure 16 Graphical representation of weighted Incidence Risk (IR per 10,000 patient-months) for the Monotherapy 

analysis (levetiracetam vs. valproic acid)  
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10.5 Other analyses (Stratified by age, gender and database type) 

 

The Primary analysis was stratified by age groups, gender and type of database. All of these analyses 

did not achieve satisfactory balance of covariates except those presented in the Table 16, Table 17, and 

Table 18. In addition, many of these sub-analyses showed extremely low numbers in ARFs, resulting in 

wider CI95% with many groups with zero ARFs. 
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11 DISCUSSION 

11.1 Key results 

 

• This study has a new AEDs users design comparing the risk of ARF in LEV to other AEDs users, using an 

optimal short risk window and state-of-the-art analytical pharmacoepidemiology methods (High 

Dimensional Propensity Score and Inverse Probability of Treatment weights) in order to address baseline 

confounding. 

• The use of levetiracetam in IBM® MarketScan® Databases is 5 to 10 times higher than the use of other 

AEDs.  

• The overall crude rate of Acute Renal Failures following the use of a new AED in our study is very low 

for patients using AEDs in “Monotherapy” or in “Polytherapy” (6.0 ARF per 10,000 patients and 6.5 per 

10,000 patients respectively in the first 30 days after index date). 

• Most analyses attempting to compare the risk of ARF in LEV users compared to other AEDs in 1:1 

comparisons presented substantial imbalances in key covariates (e.g. age or baseline hospitalizations) after 

weighting despite several attempts to re-specify the models (see violation of positivity assumption in 

section 11.2.3 ).  Therefore, interpreting these analyses with remaining confounding is not possible.  

• To account for this issue, we produced an ad-hoc analysis comparing LEV new users to all other AED 

“Monotherapy” new users that achieved a better balance of key covariates that showed a weighted IRR of 

1.37 CI95% (0.80, 2.34)) at 30 days after index date.  

• This potential increase in cases represents 2 additional ARFs per 10,000 person-months for LEV users 

compared to other AED users in “Monotherapy” at 30 days as the risk of ARF in AED users is already 

very low 

• In the “Polytherapy” analysis comparing the use of LEV to the use of other AEDs in polytherapy in the 

first 30 days of use, the weighted  IRR was 0.94 CI95% (0.51, 1.74)). 

• When using primary and secondary ARFs codes in the ARF outcome definition, the weighted IRR was 

1.07 CI95% (0.75, 1.51) for LEV compared to all other AEDs for “Monotherapy” and a weighted IRR of 

1.19 CI95% (0.82, 1.73) was found for “Polytherapy” at 30 days after index date.  

• The results of the study were very robust to the sensitivity analyses performed. 
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11.2 Limitations 

 

Biases due to the study design and the nature of IBM® MarketScan® Research Databases are discussed 

in  Section 9.6 of this document.  

 

11.2.1 Power of the study and planned sample size 

 

Section 9.7 on study size presents the power and sample size evaluation made in the last version of the 

protocol using an early approximation of the ARF rates which were previously expected in the study(15). 

Overall, the study identified a much higher number of patients than the 3000 minimum patients required 

in our originally planned sample size (110,336 patients “Monotherapy” and 96,215 patients 

“Polytherapy”). However, once the analysis was carried out, the rate of ARF in the database found was 

10 times lower than the one expected. This is due to the fact that not all the inclusion/exclusion criteria 

were applied in the feasibility calculations (only a diagnosis of epilepsy at baseline was requested) and 

that the risk window for ARF was reduced to 30 days (60 or 90 days) as opposed to the total duration of 

AED treatment evaluated during the feasibility assessment.  

ARF attrition Table 14, Table 15, and Table 16 show a crude rate of 6 per 10,000 patients ARFs for the 

“Monotherapy” cohort and 6.5 per 10,000 patients in the “Polytherapy” cohort in the first 30 days after 

index date as opposed to the rate of 50 per 10,000 anticipated in the previous sample calculations. In the 

“Monotherapy” analysis, only 710 ARF cases were included after excluding patients without a diagnosis 

of epilepsy at baseline (as opposed to 8159 anticipated in the previous calculation), which were further 

reduced by 91% when applying all the inclusion-exclusion criteria of the analysis.  

Using the current number of patients identified in the study, the power of a standard two-sided Pearson 

Chi-square test against equal proportions of ARF would have been 33.6% when assuming a risk ratio for 

LEV vs “Other AEDs” of 1.5 in “Monotherapy” and using a significance level of 5%. The power of the 

same test in “ Polytherapy” setting would have been 39.5%. The required total sample size for 80% power 

of this test would have been 375,758 when assuming a 1:1 ratio of numbers of participants in the LEV 

and “Other AEDs” in the monotherapy setting. The required total sample size in the polytherapy setting 

would have been 251,690. 

 

11.2.2 Primary or secondary codes in IBM® MarketScan® Databases 

 

Another explanation for the low rates of ARFs found in the primary analysis is that only primary diagnosis 

codes were included from emergency department or hospitalization. Diagnosis codes were classified as 

“primary” based on Watson Health admission construction methodology in IBM® MarketScan® 

Databases. Therefore, it is not possible to verify whether these primary diagnosis codes were clinically 

considered as “primary” by the treating clinicians. Moreover, other studies assessing the risk of ARF 

following the use of other types of medications chose to use codes in any position on the inpatient billing 

claim(24). Using the latter definition of ARF identification almost tripled the number of ARFs in the 

analysis, from 66 to 146 for the “Monotherapy” cohort and from 63 to 157 in the “Polytherapy” cohort. 

Analysis section B presents the results of the sensitivity analysis comparing the risk of ARFs in LEV vs. 

other AEDs patients for “Monotherapy” and “Polytherapy” using any codes of ARF in IBM® 
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MarketScan® Databases showing a weighted IRR of 1.07 CI95% (0.75, 1.51) % LEV users compared to 

other AEDs for “Monotherapy” and a weighted IRR of 1.19 CI95% (0.82, 1.73) in ARF in LEV users 

compared to other AEDs for “Polytherapy”. 

 

11.2.3 Issues with the 1:1 comparisons between levetiracetam and other AEDs in 
Monotherapy.  

 

One important observation made in this study is the difference in prescription volumes between LEV and 

all the other AEDs in IBM® MarketScan® Databases which had been previously observed in other studies 

(25). Levetiracetam is by far the most prescribed AED in the database, showing 5 to 10 times more 

patients with LEV prescriptions compared to patients with other AEDs prescriptions in monotherapy as 

shown Figure 2 making LEV the drug of choice in the treatment of epilepsy in the US. This important 

fact is likely to have a high impact on the type of patients using other AEDs as opposed to patients using 

other AEDs driven by specific characteristics of these medications. When comparing LEV users to other 

AEDs in 1:1 comparisons, the (unweighted) propensity score distributions illustrate very well how 

different these populations are at start in Figure 4, Figure 5, and Figure 6. Due to these substantial 

differences in the original patients’ characteristics, most of the 1:1 comparison in “Monotherapy” did not 

achieve sufficient balance in the most relevant covariates after weighting despite using state-of-the-art 

methods and several attempts to address model misspecifications.  

Positivity assumption violation: To be able to achieve adequate balance in baseline covariates, the 

exposure must be present at all the levels of the confounders (positivity assumption). This was violated 

in all those comparisons with small sample sizes and a high number of confounders and is the reason why 

balance for measured baseline variables was not achieved except in the largest comparisons.  

For instance, in the analysis comparing levetiracetam to oxcarbazepine in “Monotherapy”, the original 

descriptive data in Table 7 show that the average age of patients using levetiracetam is 30.3 years old 

compared to 14.0 years old for oxcarbazepine. In the oxcarbazepine group “Monotherapy”, 81% of 

patients were under 18 years old compared to 44% in the LEV group. This is because oxcarbazepine is 

an AED of choice in children with focal seizures (26, 27). One solution would be to explore the analyses 

in adults and children separately as analyses stratified by age were produced. However, these analyses 

would reduce the number of patients substantially and would not allow us to achieve better balance in 

covariates (1:1 analyses “Monotherapy”).  

Interpreting the results of the comparisons of LEV “Monotherapy” users to other AEDs 1:1 is therefore 

very difficult   

The comparison with valproic acid in “Monotherapy” is the only comparison to achieve a satisfactory 

balance in covariates after weighting. Valproic acid is prescribed at only 20% of the volume of LEV in 

the current study (9,442 vs. 45,672 patients) and although the PS distributions in Figure 6 showed good 

overlapping after weighting, only 3 ARFs were present in patients using valproic acid in “Monotherapy”. 

This number is too low to be able to conclude on the comparison with valproic acid and showing a 2.76 

times higher increase in the incidence rate of ARF compared to LEV with a very wide 95% confidence 

interval crossing 1 (IRR of 2,76 CI95% (0.70, 10.79)). The low  rate of ARFs found in the valproic acid 

group (2.99 per 10,000 patients CI95% (0.79, 11.26) could also be due to the fact that valproic acid has 

been previously highlighted in the literature for attenuating proteinuria and kidney injury due to its action 

as an inhibitor of histone deacetylase (HDAC)(28).  
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11.2.4 Post-hoc analysis “Monotherapy” levetiracetam vs. all other AEDs 

 

Due to the issue in interpreting the 1:1 “Monotherapy” analyses described above; we decided to include 

an additional analysis post hoc comparing the risk of ARF in LEV vs. all other AEDs in “Monotherapy”. 

This analysis increased substantially the number of patients in the comparator group to 64,664 patients, 

and the model achieved a satisfactory balance of covariates. Nonetheless, as explained in section 11.2.1, 

due to the low rate of ARF, this analysis also could not achieve sufficient power to detect an IRR of 1.5.   

 

11.2.5 Multiplicity of analyses 

 

This study includes a very high number of analyses (12 “Monotherapy” 1:1 analyses, 1 additional 

“Monotherapy” analysis versus all other AEDs, 1, “Polytherapy analysis” and further 5 sensitivity 

analyses with additional stratified analyses for age, gender and type of database). Despite the high number 

of analyses performed in this study, due to the number of analyses that were not interpretable as they 

showed imbalance in covariates, our team chose not to apply the Bonferroni adjustment which would 

have only further increased the confidence intervals accounting for the multiplicity of analyses, but not 

affecting the estimates.  

 

11.2.6 Interpretation 

 

To our knowledge, this is the first study to analyze the risk of ARF in AED users in monotherapy or 

polytherapy.  

One other study was found investigating the risk of acute renal injury in patients using AEDs. This study 

was carried out in Canada (Ontario) using a different design (LEV vs. non-use) and study endpoint (acute 

kidney injury, AKI). The measure of relative risk also showed a non-significant increase in the occurrence 

of AKI in LEV users compared to non-users in line with the current study (Odds Ratio 1.24; 95% 

confidence interval, 0.62 to 2.47) despite different choices in their patients selection(29). This study, using 

less restrictive exclusion criteria (only epilepsy diagnosis at baseline, evidence of end stage kidney disease 

and hospital discharge in the two days prior to index date) showed a rate of AKI of 30 per 10,000 patient-

months in adult users at 30 days after LEV use. The analysis did not distinguish between monotherapy 

or polytherapy use. This difference in the crude rates of ARF occurrence in LEV patients of this study 

could be due to the less restrictive exclusion criteria of the Canadian study, the restriction to primary 

codes in the IBM® MarketScan® Databases, the pediatric population included in this study, and that AKI 

is a broader and more frequent study endpoint than ARF.  

 

The EU-SmPC of Keppra (dated 3rd February 2020) includes wording in Section 4.4 (Special Warnings 

and Precautions) describing Acute kidney injury (see below) as well as referencing Acute kidney injury 

as a “rare side effect” (may affect 1 in 10,000 people) in section 4.8 (undesirable effects). 

 

 

EU-SmPC Section 4.4“Acute Kidney injury 

The use of levetiracetam has been very rarely associated with acute kidney injury, with a time to onset 

ranging from a few days to several months.” 
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The results of this study align with the SmPC.  

  
 

11.3 Generalizability 

 

The findings apply to patient populations with similar access to health care systems and similar AED 

utilization, and health care use patterns.  

 

12 OTHER INFORMATION 

N/A 

 

13 CONCLUSION 

 

The objective of the study was to compare the incidence rate of ARF among patients exposed to LEV 

versus other AEDs (as monotherapy or polytherapy) to further characterize the risk of renal failure in 

patients treated with AEDs. 

The rate of ARFs in AED new users was found to be very low. The study showed a weighted IRR of 1.37 

CI95% (0.8, 2.34)) in ARF risk for LEV users vs. other AEDs when used alone and a weighted  IRR of 0.94 

CI95% (0.51, 1.74) when used concomitantly with other AEDs. The IRR of 1.37 represents about 2 

additional ARF cases per 10,000 patient months in “Monotherapy”. 

The risk of ARF in LEV users in this study is aligned with the current information included in the EU 

SmPC. The results of the study do not impact the current benefit-risk balance of the product.  
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15 APPENDICES 

15.1 APPENDIX 1. List of stand-alone documents 

None  
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15.2 APPENDIX 2. Additional information 
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Additional Sensitivity analyses  

 

Figure 17   Incidence rate ratios for ARF : Sensitivity analysis with a minimum of 30 days enrolment for all patients included in the analysis Incidence Rate 

Ratios for levetiracetam vs. AED comparators (Monotherapy and polytherapy analysis) for 30 days (Primary analysis) only. -weighted (solid square) and 

unweighted (empty squares). Levetiracetam group as reference.  

Min=Minimum; 

IRR=Incidence rate ratio; CI=Confidence interval; 

CBZ=Carbamazepine, GBP=Gabapentin, LTG=Lamotrigine, OXC=Oxcarbazepine, PHT=Phenytoin, TPM=Topiramate, VPA=Valproic acid 
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Figure 18   Incidence rate ratios for ARF : Sensitivity analysis censoring patients at the date of prescription of another AED after  index date. Incidence Rate 

Ratios for levetiracetam vs. AED comparators (Monotherapy and polytherapy analysis) for 30 days (Primary analysis) only. -weighted (solid square) and 

unweighted (empty squares). Levetiracetam group as reference.  

IRR=Incidence rate ratio; CI=Confidence interval; 

CBZ=Carbamazepine, GBP=Gabapentin, LTG=Lamotrigine, OXC=Oxcarbazepine, PHT=Phenytoin, TPM=Topiramate, VPA=Valproic acid 
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Figure 19   Incidence rate ratios for ARF : Sensitivity analysis comparing the results of the study before and after October 2015, date of the transition of the 

database from ICD-9-CM to ICD-10-CM . Incidence Rate Ratios for levetiracetam vs. AED comparators (Monotherapy and polytherapy analysis) for 30 days 

(Primary analysis) only. -weighted (solid square) and unweighted (empty squares). Levetiracetam group as reference.  

IRR=Incidence rate ratio; CI=Confidence interval; 
CBZ=Carbamazepine, GBP=Gabapentin, LTG=Lamotrigine, OXC=Oxcarbazepine, PHT=Phenytoin, TPM=Topiramate, VPA=Valproic acid 
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