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Abstract

Different structures and coding schemes may limit rapid evaluation of a large pool of potential drug safety
signals using multiple longitudinal healthcare databases. To overcome this restriction, a semi-automated
approach utilising common data model (CDM) and robust pharmacoepidemiologic methods was
developed; however, its performance needed to be evaluated. Twenty-three established drug-safety
associations from publications were reproduced in a healthcare claims database and four of these were
also repeated in electronic health records. Concordance and discrepancy of pairwise estimates were
assessed between the results derived from the publication and results from this approach. For all 27 pairs,
an observed agreement between the published results and the results from the semi-automated approach
was greater than 85% and Kappa coefficient was 0.6 1, 95% CI: 0.19—1.00. Ln(IRR) differed by less than 50%
for 13/27 pairs, and the IRR varied less than 2-fold for 19/27 pairs. Reproducibility based on the intra-class
correlation coefficient was 0.54. Most covariates (>90%) in the publications were available for inclusion in
the models. Once the study populations and inclusion/exclusion criteria were obtained from the
literature, the analysis was able to be completed in 2-8h. The semi-automated methodology using a
CDM produced consistent risk estimates compared to the published findings for most selected drug-
outcome associations, regardless of original study designs, databases, medications and outcomes. Further
assessment of this approach is useful to understand its roles, strengths and limitations in rapidly evaluating
safety signals.
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| Introduction

Drug safety signals arise from many sources, including spontaneous adverse event reports, published
case reports or case series and clinical trial data. Historically, US drug safety surveillance has been a
passive process, relying on voluntary reporting to the FDA Adverse Event Reporting System and
mandatory reporting by industry, with well-recognised deficiencies.'™* Recently, the Institute of
Medicine recommended that new methods and approaches of safety surveillance should be
implemented, including data mining in an active safety surveillance system.”® Sources of
information may include longitudinal electronic health records (EHRs), and patient information
derived from health insurance claims.” The Observational Medical Outcomes Partnership, an
initiative to test and standardise analytical methods, and the FDA Sentinel Initiatives are
working towards these objectives.'’

An active surveillance system may generate hundreds of potential drug safety signals, which
emphasises the need for a rapid approach to evaluate those signals that incorporate robust
pharmacoepidemiologic methods.'® Conducting risk analysis in multiple disparate data sources
simultaneously would be a powerful addition towards the interpretation of a signal. However,
databases have different structures and use different coding schemes; therefore, adjustments for
these and other differences are necessary to successfully compare results across databases.'®!'!
One approach would be to normalise the data sources into a common data model (CDM) to
enable comparable questions to be asked of disparate databases.'> In addition, an automated
process for risk estimation might enable timely evaluation of numerous safety signals. The
objective of this study was to compare the risk estimates generated by a semi-automated method
utilising a CDM to the published pharmacoepidemiologic results.

2 Methods
2.1 Common data model

A CDM developed by GlaxoSmithKline was applied to two databases: PharMetrics (PM) and
General Electric Centricity (GE). PM is a US administrative health claims database containing
data for over 31 million patients with an average of 24 months of coverage and contains all
reimbursed claims for each enrollee. Drug utilisation is extracted from dispensed medications and
medical conditions captured via diagnosis codes represented in the databases as National Drug Code
and International Classification of Diseases, 9th Revision (ICD-9), respectively. GE is a US EHR
providing health information for approximately 8.9 million patients. Drug utilisation is extracted
from two sources: (1) prescriptions written by the provider and (2) medication history lists. Medical
conditions are captured from a problem list of diagnoses, symptoms and other components of
medical history. Drug and medical event codes are represented as Generic Product Identifier and
ICD-9, respectively.

The databases were transformed into a common framework that enables standardised analyses
across sources followed by integration of analytical methods for risk estimation. Three primary
categories of data were extracted from the database: patient, drug and medical conditions. The
CDM used biomedical ontologies to normalise reference vocabularies to drugs and medical
conditions.'*!* During data transformation, ICD-9 codes were mapped to the MedDRA
ontology'* and medications (at the brand name level) were mapped to an enhanced SNOMED
drug ontology."® Drug eras represented exposure time a given person uses a given drug concept.
Once normalised, drugs were represented by SNOMED drug concepts and could be aggregated at
product name, generic name or higher level drug classes. Similarly, medical conditions were created

Downloaded from smm.sagepub.com at CENTIC on April 3, 2013


http://smm.sagepub.com/

Le et al. 929

after mapping ICD-9 diagnosis codes to MedDRA and were aggregated to preferred terms and then
to high-level group terms.

2.2 Semi-automated methodology

Using the retrospective cohort design, the propensity score (PS)'® was used to make exposure
cohorts more comparable, as described elsewhere.!”'® A list of medical conditions and
medications occurring in a specified period prior to the drug exposure was automatically
generated. A univariate odds ratio (OR) depicted the association between a particular drug or
condition and the exposure. Covariates were suggested by the process based on an OR estimate
above a desired threshold, although any covariate with an OR > 0.01 is available. Conditions and
drugs were finally chosen taking into account biological rationale, confounding by indication and
detection bias using the available literature and clinical knowledge.'®'” Logistic regression was used
to compute the PS and utilised to match with replacement on a 1:1 ratio within each stratum.'®
Using the matched data set, a separate model was built where the dependent variable was the
outcome. For this outcome model, covariates were automatically generated based on association
between the outcome and every condition and medication for the groups to be compared. Selection
of outcome model covariates was similar to the above, with consideration of the number of events
per covariate.’>?! Adjusted incidence rate ratios (IRR) were computed using multivariate Poisson
regression.

2.3 Selection of observational drug safety publications

Observational studies were found by searching PubMed/Medline, the Cochrane Database of
Systematic Reviews, Google Scholar and peer-reviewed journals for either retrospective cohort or
case—control studies using observational/administrative data sources in the US, UK or Canada to
evaluate drug safety questions reported from 2000 to 2008. Selection was guided by several criteria,
including English language, sufficient details of study design for reproduction, availability of
database variables in the CDM and designated important medical events. A wide spectrum of
populations, exposures and outcomes was sought for inclusion. Studies reporting results
inconsistent with a body of evidence supporting an association were rejected. Studies with
complex design algorithms, unique populations, requirements for procedure or laboratory values
were considered if an appropriate alternative could be constructed.”* !

2.4 Reproduction of publications

For each drug-condition association, similar inclusion/exclusion criteria, target and comparator
drugs, study start and stop dates, time at risk, outcomes and covariates of the respective
publication were considered while constructing study designs (Table 1 and additional details
available upon request). A retrospective cohort design with PS matching with replacement within
each stratum was used for all comparisons.'® Modifications to the study designs were permitted
when necessary. For example, if PS-balanced populations differed in medically important ways to
the study population, e.g. basic demographics, co-morbidities or co-medications, or too few
exposures or outcomes, alternatives (i.e. creating a comparator for a non-user cohort, restricting
the population to mimic the original database, substitution of medical diagnoses for laboratory
values, extension of the exposure period to increase the number of exposed patients or increase the
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number of outcomes) were considered for implementation. Selected publications were reproduced in
claims and, if originally performed in either PM or GE, they were repeated in both databases.

2.5 Components of assessment of performance

Although publications which reported IRR and 95% CI were preferred, the proportional hazards
ratio (HR), risk ratio (RR) or OR were alternatively substituted for comparison. To evaluate the
concordance and the magnitude of discrepancy, the following pairwise analyses were performed: (1)
the statistical difference between the IRRs was based on a standard normal z-test as follows:** **

1n(IRRPublication) —In (I RRApproach)
{ Var[ln(IRRPublication)] -+ var [hl (IRRApproach) ] }

= 12

An absolute z score > 1.96 suggested a statistical difference within each pair at 0.05 significance
level; (2) concordance defined as point estimates on the same side of the null was calculated by
observed agreement, Kappa coefficient and Spearman correlation coefficient;*>*>*¢ (3) the pairwise
ratio of IRR at least double or less than half:** and (4) the pairwise In(IRR) at least 50% larger or
smaller.* To assess reproducibility intra-class correlation coefficient ICC = 0%/(0% + U%/ng where
0% — variance between different studies, o7, — variance within specific study pairs and 0% + o7, — total
variance was applied.*’ To estimate precision, the pairwise confidence limit ratio (CLR =upper
limit/lower limit)*® was calculated. Publications not reporting confidence intervals were excluded
from any statistical comparison requiring CI.

3 Results

3.1 Overall assessment of performance

Twenty-three drug-event associations from the 21 publications®* *! were repeated using the claims

database and 4 of the 23 were also duplicated in the EHR database for a total 27 pairs (identified as
Topics, see Table 1). The study designs included 15 retrospective cohort, 5 case—control and 2 nested
case—control. A variety of databases (Canadian, UK and US, including data from Medicaid (1),
Medicare (1) or the VA system (4)) and ages, including paediatric patients (4) or ages >65 (4) were
also represented in the publications. The medications evaluated included a breadth of drugs from
different therapeutic classes, such as anti-psychotics, cardiac agents, antibiotics and anti-
inflammatory agents. The medical conditions evaluated included acute and chronic conditions, as
well as diseases treated with short- or long-term exposure to medications.

Study design elements of the publications were modified when necessary by: creation of an
alternative to a non-user cohort (Topic 2), restriction of the population to males to mimic the
VA database (Topic 21), substitution of medical diagnoses for laboratory values (Topics 1, 17
and 21), and extension of the exposure period to increase the number of exposed patients or
increase the number of outcomes (Topics 3, 8, 9, 9EHR, 10, 15, 15EHR, 16, 20 and 21). The
detailed set of all modifications is listed in Table 1. The number of patients in the cohorts,
approximate person time, IRR, 95% CI, concordance measures and magnitudes of discrepancy
are presented in Tables 2 and 3.

For all 27 pairs, an observed agreement between the published results and the results from the
semi-automated approach was greater than 85% and the Kappa coefficient was 0.61, 95% CI: 0.19—
1.00. The IRR varied less than 2-fold for 19/27 pairs, and In(IRR) differed by less than 50% for 13/
27 pairs. Spearman correlation coefficient and ICC were 0.64 and 0.35, respectively.
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Table 3. Measures of assessment of performance of semi-automated approach

Using claims Using both claims and

Description database (n=23) EHR databases (n=8)
Statistical |z| score < 1.96 17/20 (85.0%) 718 (87.5%)
Observed agreement® 21/23 (91.3%) 7/8 (87.5%)
Kappa coefficient, 95% ClI 0.71 (0.31-1.00) N/A

(substantial: 0.61-0.80)*°
Spearman correlation coefficient 0.70 0.48

(moderate: 0.35-0.50; strong: >0.5)%2
Intra-class correlation coefficient 0.54 0.02

(fair-to-good reproducibility: 0.4-0.75; poor: <0.4)>
IRR varied less than 2-fold 16/23 (69.6%) 6/8 (75%)
Ln(IRR) differed less than 50% 11723 (47.8%) 3/8 (37.5%)
CLR of the approach vs. publications (median) 5.04 vs. 2.03 2.03 vs. |.44

*Point estimates in the same side of the null.

3.2 Publications versus approach using the healthcare claims database

The comparison of risk estimates and 95% CI between the semi-automated approach and previous
literature report for each topic are shown in Figure 1. Results showed good observed agreement, a
substantial Kappa and strong Spearman correlation coefficients; CI overlapped for 95% of the 20
pairs with CI (Figure 1); and the difference in IRR of 85% was not statistically significant by z-test.
The variance between and within pairs (residual) were 0.21 and 0.26, respectively. When two pairs
with extreme point estimates (Topics 22 and 23)*' were excluded, the variance between and within
pairs were 0.17 and 0.10, respectively, with ICC of 0.64. The ratio of CLR was greater than 1 for
60% (12/20) and 46% (6/13 pairs reporting both sample size and CI). A median of 92% (range
77-100%) of the covariates, identified by the publications as important to confounding were
generated automatically for consideration.

3.3 Publications versus approach using the claims and EHR databases

Three publications used GE and one used PM. These studies were reproduced in their respective
database of which the results are included in the above section. These four publications were then
repeated in the alternative database available in the application (Figure 2). Eight pairs were
examined using both claims and EHR (Topics 4, 4EHR; 9, 9EHR; 11, 11EHR; and 15, 15EHR).
Good observed agreement and moderate Spearman correlation coefficient were seen (Table 3).
Kappa coefficient determination was not appropriate to report due to the paradox of high
observed agreement but low Kappa.*” Confidence intervals overlapped for 100% of the pairs
(Figure 2), and the difference of IRRs of 87% was not statistically significant by z-test. The
variances between and within pairs were 0.01 and 0.5, respectively. Excluding the pair with an
unstable point estimate (Topic 9), the variance between and within pairs was 0.06, respectively,
with an ICC of 0.49. The ratio of CLR was greater than 1 for 75% of the pairs (6/8). A median of
89% (range 78-100%) of the covariates, identified by the authors of the manuscripts as important to
confounding were generated automatically for consideration.
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Topic Adverse effect (Target drug v. Comparator) log scale 0.1 1 10
1 Hyperglycemia (Cipro v. Gatifloxacin) .—.—'-D-
2 Pneumonia (Oseltamivir v. Antipyretics) L 1t .
; - Publication
3 Renal Dysfunction (Rosuvastatin v. others) ._C.'_‘
i D Approach

4 Hypertension (Celecoxib v. Non-selective NSAIDs)

5 Ischaemic Strokes (Atypical v. Typical antipschyotics)

6  Atrial Fibrillation (Calcium Channel Blockers v. ACE inhibitors) P }'_.

7  Tendon Rupture (Fluoroquinolone v. Non-fluoroquinolone) ":_l_'
8  Acute Pancreatitis (ACE inhibitors v. Warfarin) ,'j 1-4. y

9 Interstitial Lung (Leflunomide v. MTX) '—'—'—' 1
10  Hip Fracture (Statins v. Other lipid lowering agents) ' .I o T—

11 Non Vertebral Fractures (Calcitonin v. Alendronate) "":_0_,
12 Cardiac Valve (Pergolide v. Carbegoline) »
13 Allergic Reactions (Levofloxacin v. Moxifloxacin) e L
14 Myocardial Infarction (Rofecoxib v. Naproxen) ,_-_"_-}.'__,' :
15  Herpes Zoster (Oral steroids v. Traditional DMARDs) ; ﬂ)__'. E
16  Rhabdomyolysis (Rosuvastatin v. Other statins) . ?—;

17  Diabetes-level Hyperglycemia (Olanzapine v. Risperidone)

: ; ——
18  Venous Thromboembolism (Norgestimate Patch v. Oral) —l—
19  Peptic Ulcer and Bleeding (Naproxen v. Celecoxib) H ' ._g_..'
20  Neutropenia (Antibacterials v. Betablockers) ' i P

21  Hypoglycemia (Gatifloxacin v. Ciprofloxacin)

22 Pseudomembranous Colitis (Ciprofloxacin v. Doxycycline)

23 Pseudomembranous Colitis (Ciprofloxacin v. Amoxicillin)

|

%

Figure |. Comparison of risk estimates and 95% Cl in publications vs. semi-automated approach using healthcare
claims database.

4 Discussion

A semi-automated approach using a CDM provided results compatible with findings based on
conventional epidemiology approaches for the evaluation of drug safety signals in observational
data and has potential value for the assessment of potential drug-condition associations. A number
of qualitative and quantitative analyses**** were used to determine whether the output from this
approach would be reliable and informative. Such analyses have been applied when comparing
results of randomised controlled trials (RCT) and observational studies.** ** Concordance
measures were consistent within pairs regardless of claims or EHR data source. If a more
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Figure 2. Comparison of risk estimates and 95% Cl in publications based on either GE or PM vs. semi-automated
approach using both databases.

conservative threshold for concordance was applied, i.e. greater than 1.2 or less than 0.83 (1/1.2), the
results still produced an acceptable observed agreement of 85% and a Kappa coefficient of 0.57,
95% CI: 0.19-0.96 (data not shown).

Magnitudes of discrepancy differed by less than 2-fold for the majority of pairs, while half differed
by less than 50%. Within pairs discordance and discrepancy of magnitude of effect measures might
be due to differences in their databases, study design, analytic approaches or the assumptions built
into the approach. Which parameter(s) specifically contributed to the discrepancies would only be
speculative. Most CLRs were slightly wider than those presented in the publications; yet, they still
reflected good precision and the ICC indicated satisfactory ‘reproduction.’ Since ICC coefficients are
influenced by the variance of the sample/population*” so that a ‘low’ ICC as obtained with the EHR
database should be interpreted with caution. On the other hand, the ICC derived with the claim-
based cases paired with the literature indicated satisfactory ‘reproduction.’

Although the current approach incorporates methods designed to assess increased risk, it was
important to examine protective or null associations as negative and null controls, respectively. For
those publications with a risk less than 0.83, 2/2 of the duplicated studies were also less than 0.83; 4/5
agreed for those with a null effect (0.83—1.2). Despite the few examples with known risk less than 1.2,
the results provide some assurance that the semi-automated approach adequately reflected a
reduction in risk and would have provided reliable information for hypothesis strengthening.
Few publications were reproduced in both claims and EHR because the commercially available
EHR does not have sufficient healthcare information per the selection criteria described earlier.
Relatively consistent results (ignoring ICC) suggest that there is value to analysing two disparate
databases, when appropriate. A powerful strength of the approach relies on the automated
generation of a comprehensive list of co-morbidities and co-medications which may not have
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been pre-defined as covariates. The reduction of residual confounding based on another approach
has been recently reported.>

The CDM, a potentially important component for standardising disparate longitudinal healthcare
databases in the national sentinel initiative' ®'? (1) accommodates observational data elements including
relevant to identifying drug exposures, condition occurrences and other clinical observations; (2) allows
each datum to be standardised on a common vocabulary; and (3) prevents the use of protected health
information except where necessary to protect the public health. More details of CDM are described
elsewhere.'*!” During this study, limitations of the current CDM were identified: (1) translation of
medical conditions and drug exposures into a common vocabulary may not be applicable in all
instances. Cross-mapping may be incomplete or result in unclassified or misclassified concepts.
MedDRA allergic reactions contained ICD-9 codes for food and medication reactions which were
not separable (Topic 13); (2) drugs were grouped irrespective of dose, combinations or formulations.
Higher doses of naproxen were combined with low doses (Topic 19); (3) brand name drugs were
grouped at the generic names; (4) medications, if missing days of supply, were imputed to 30 days
which may not be appropriate for all situations; (5) creation of drug eras might result in miscalculation
of real exposure time to a specific drug for patients in some situations. Despite the limitations identified,
the results were close to those using traditional methods in the publication.

Together the automation and CDM facilitate efficient analyses, reduction in programming error,
standardisation of variable definitions and utilisation of multiple healthcare databases. Such an
approach could allow for the timely assessment of large numbers of potential signals. Our initial
attempt was to explore the feasibility of such an approach using CDM and semi-automated
methodology for the assessment of drug safety signals. If drug-condition associations found by
conventional methodology and by this approach had been grossly different, then further
examination was not warranted.

Automatic generation of covariates has been explored®”>' and inclusion of additional variables
into pre-defined list covariates for PS adjustment has been shown to reduce residual confounding in
selected examples.> Our automation is accomplished by (1) generation of a list of co-morbidities
and co-medications using information from the entire database relevant to the cohorts of interest;
(2) automatic inclusion of all covariates meeting investigator’s pre-specified thresholds for PS and
outcome models is possible. However, for this study the authors used the option to review and select
those satisfying medical rationale as confounders;'® (3) pre-programmed calculation of person time
at risk with retrospective cohort design of the longitudinal data; (4) PS balancing by matching with
replacement within each stratum; (5) creation of IRR from multivariate Poisson regression; (6) a
selection of trimming methods (untrimmed, one or both tailed trimming at different percentile levels
of the common support region of the PS distribution) for PS matching within stratum.

Although RCTs might be considered to represent a gold standard for comparison,
observational data are commonly used when RCTs are not practical due to the large time and
expense. Thus, the intent was to compare the methodology to situations in which it would most
likely be used. It is encouraging that the semi-automated results evaluated in this exercise would
have led, in many instances, to similar interpretations as found with published
pharmacoepidemiology studies. However, it may be useful to perform comparisons of results to
those found in RCTs in the future to increase the confidence of the results from observational data.

The selection of publications focused on important drug adverse effects previously studied in
observational data and might be considered somewhat arbitrary. Once a potential study was
identified using criteria described earlier, it was reviewed for feasibility of reproduction by two
physician epidemiologists, a potential source of selection bias. In order to complete any risk
estimation in observational data, it is necessary to have sufficient numbers of exposures and

43,52,53
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outcomes, a well-defined outcome, the ability to select exposures/outcomes, etc. The decision process
for conducting a risk assessment for a real pharmacoepidemiology study follows these same
principles. Importantly, publications were not chosen with the pre-conceived notion that results
of the approach would be similar.

One of the limitations of the semi-automated approach is that for an extremely rare outcome, the
variance of the estimate may be larger than its mean, and negative binomial regression may be more
appropriate than Poisson regression. More features for incident user study design will be available in
future releases. In some instances, it was necessary for HR, OR or RR to serve as proxies for IRR
based on the assumption that the outcomes were neither delayed nor frequent. Some patients were
used more than once while using matching with replacement. The Wald confidence interval was
calculated and corrected for the influence of sampling with replacement by variance inflation
factor.'® Further research on Generalised Estimating Equations to adjust for clustering has been
carried out.>* Target-comparator pairs were reversed to increase the number of publications with a
positive association (Topics 6 and 19) or to examine a performance for a reduction of risk (Topic 1).

In conclusion, an approach utilising a CDM and semi-automated methodology reproduced
relatively consistent results from published pharmacoepidemiologic studies utilising traditional
approaches. The results provide more confidence in a semi-automated approach which may be
valuable in evaluating safety signals from multiple disparate databases. Further evaluation of this
approach for rapidly identifying potential drug-condition associations is useful to understand its

roles, strengths and limitations.
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