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Disclaimer
= Today’s lecture will provide a “crash course” in pharmacoepidemiology.
= We will not get into the details, but rather provide a broad overview of the field

= |f you are intrigued and want to learn more, go to the following resources:
= |nternational society of pharmacoepidemiology (hitps://www.pharmacoepi.org)

= European network of centres of pharmacoepidemiology and pharmacovigilance
(https://www.encepp.eu/Training.shtml)
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Today’s aim is to fall in love with pharmacoepidemiology!

—~—

“What is pharmacoepidemiology”
and why do we need it?

1 What methods and data are |
used in
pharmacoepidemiology?._

What questions can
pharmacoepidemiology
answer?
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Epidemiology

[
The study of the(istributio o@es (outcome

And the factors that influence a disease in the population
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PharmacoEpidemiology

[ o
The study of the(distributio o@es (outcomD
And ththat influence a disease in the population

Factors Outcomes

(Medications) (Diseases)

Pharmacoepidemiology
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Drug approval and monitoring
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Pyramid of evidence in medical research

i

4 ized
L rol Trial
Cohort

Studies

Case Control
Studies

Edoials, pinions, and
Ideas

Animal Research

InVYitro Research
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Lower Hospitalization Rates In Epilepsy Patients Treated
With Adjunctive FYCOMPA® (perampanel) Cl

Statins May Cut Glaucom a R_l Sk | &he New Pork imes |
Long-term use of cholesterol-lowering statin drugs cut the risk After a Hlp FraCture’ RedUCIHg

of a leading cause of blindness. the R_]Sk ()f a Recurrence

home / arthritis center / arthritis a-z list / painkiller vioxx pulled from market alert article

Painkiller Vioxx® Pulled from Market Alert

Last Editorial Review: 9/30/2004

Withdrawal of pain medicine flupirtine endorsed

Press release 23/03/2018

Serious liver problems continued to be reported despite previous restrictions in use
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Why study safety after market approval?

= No drug or vaccine is 100% safe (...or effective)

= At the time of market approval we know the benefits outweigh the
risks, but...

BENEFIT

Pharmacoepidemiology



Where are
all the old

“Unknown factors” “Human factors”
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The Promise of Pharmacoepidemiology
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Promise (strengths) Challenges (weaknesses)

Sample size
Generalizability
Lengthy follow-up
Real-world clinical data
Rare events

Use active comparators

Pharmacoepidemiology

Uncertainty re: causality

Susceptible to confounding

Black-box analyses limit interpretation
Past-mistakes

Methodological challenges = bias
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The Promise of Pharmacoepidemiology

Promise (strengths) Challenges (weaknesses)
« Sample size « Uncertainty re: causality

» Generalizability « Susceptible to confounding

» Lengthy follow-up « Black-box analyses limit interpretation

« Real-world clinical data » Past-mistakes

* Rare events \ Methodological challenges = bias /

» Use active comparators
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Sources of bias in Pharmacoepidemiology

‘ [ Study Design
a [ Confounding

Selection In
a [ Selection Bias ]<r .
Selection Out
° [ Information Bias

Misclassification of |
Outcome
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Post-market safety assessment
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Post-market safety assessment
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Today’s aim is to fall in love with pharmacoepidemiology!
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I What methods and data are |
used in
pharmacoepidemiology?.
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How do we conduct epidemiologic research?

= Routinely collected healthcare data for observational study designs

1
ﬂ)ata that is collected fom

non-research purposes.

Reimbursement, digital
(electronic) health records or
surveillance data.

Large population-based and

anonymized. /
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What kind of data can we use?

=
= Pharmacovigilance/safety data =
= |ndividual case safety reports reported to a centralized source
= Only reports where the adverse event was suspected to be related to a drug

= Administrative claims data $
= |nsurance data that describe the billable interactions of patients
= Only includes information that relates to the exchange of money

O
= Electronic medical records Gl

= Paperless, digital versions of patient charts

= |ncludes information important for the physician in patient care (i.e., what did they prescribe
and why)

= Registry data
= Special purpose databases — usually prospectively collected
= Smaller in size but richer in data collection for disease or drug specific monitoring
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=

= Pharmacovigilance/safety data ~
= |ndividual case safety reports reported to a centralized source
= Only reports where the adverse event was suspected to be related to a drug

ETH:zurich

-

= Administrative claims data

\ and why)

5

= |nsurance data that describe the billable interactions of patients
= Only includes information that relates to the exchange of money

= Electronic medical records (i
= Paperless, digital versions of patient charts
= |ncludes information important for the physician in patient care (i.e., what did they prescribe

/

= Registry data

= Special purpose databases — usually prospectively collected
= Smaller in size but richer in data collection for disease or drug specific monitoring
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What kind of data can we use?
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=
Pharmacovigilance/safety data ~
= |ndividual case safety reports reported to a centralized source
= Only reports where the adverse event was suspected to be related to a drug

-

\_

= Administrative claims data $

= |nsurance data that describe the billable interactions of patients
= Only includes information that relates to the exchange of money

O
Electronic medical records

= Paperless, digital versions of patient charts

3 Includes)information important for the physician in patient care (i.e., what did they prescrib
and why

e

_/

r

Take home message:
Collected for purposes other than research




What does real-world data include?

Medications

Pharmacy
dispensing

Primary care
prescriptions

Hospitalizations

ETHziirich (@

Outpatient

Admissions

S —
i SES
Rare/new mortality
Disease medications Vital
endpoints Statistics

demographics

Pharmacoepidemiology

Lifestyle

Primary Care

Diagnoses

Specialists

Lab values I
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Real-World Healthcare Data ETHzurich

Vital
Statistics
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How do we conduct epidemiologic research?

= Routinely collected healthcare data for observational study designs

d d
/ \ / Non-experimental. \

Researchers do not
determine the exposure.
They observe what is
already happening in real-
world settings.

g / N /
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Pharmacoepidemiology in medical evidence

Pharmacoepidemiology
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Meta-

NY‘!

M Summarize/Decision-making

‘Randomized

Cohort
Studies
Studies
: A Early signal detection

Classic Pharmacoepidemiology

Editorials, opinions, and
Ildeas

Animal Research

InVYitro Research
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Clinical Research

TYPES OF STUDIES

Pharmacoepidemiology

DESCRIPTIVE

POPULATION LEVEL

Ecological/correlational

ETH:zurich

Cross-Sectional

== Goo| W=

* Hypothesis generating

What is the aim
of the study?

INDIVIDUAL LEVEL

* Drug utilization/case report

Case (Time) Series

(Randomized) Controlled

EXPERIMENTAL/
INTERVENTIONAL

ANALYTICAL

= Gool ™=

* Hypothesis testing

Is there an intervention
that is randomly
allocated?

OBSERVATIONAL

Trials

(Systematlc reviews / meta-
: analysis

Cross-Sectional

(Nested) Case-Control

Cohort

Case-only designs
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Clinical Research

TYPES OF STUDIES

Pharmacoepidemiology

DESCRIPTIVE
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Cross-Sectional

POPULATION LEVEL

Ecological/correlational

== Goo| W=

* Hypothesis generating

What is the aim
of the study?

INDIVIDUAL LEVEL

Case (Time) Series

* Drug utilization/case report

(Randomized) Controlled

EXPERIMENTAL/

INTERVENTIONAL >k

ANALYTICAL

Is there an intervention
that is randomly
allocated?

= Gool ™=

* Hypothesis testing

Trials

(Systematlc reviews / meta-
: analysis

Cross-Sectional

(Nested) Case-Control

o

Cohort

OBSERVATIONAL

Case-only designs
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Past Present Future

Drug A

s © | O
© [~ ©

Cohort Study Prospective Cohort Study

Drug B

Drug A

—%

Case-Control Study

Drug B

Cross-sectional Study
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Today’s aim is to fall in love with pharmacoepidemiology!

—~—

— ]
- - What questions can
— .. pharmacoepidemiology
( answer?
7
~~
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Common Use of Real-World Data

= Three applications of observational studies with real-world data:

= Characterization

= Assess causality

= Prediction

Public Health Policy t. Clinical Practice Li

Pharmacoepidemiology Andrea Burden | 27.01.2022 | 30




ETH:zurich

Common Use of Real-World Data

= Three applications of observational studies with real-world data:

= Characterization « Pain medication utilization in Switzerland
r ASSGSS Causality * Glucocorticoids and fractures — intervention thresholds
= Prediction

Public Health Policy t. Clinical Practice Li
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Public Health: Paracetamol poisonings in Switzerland

= Paracetamol is one of the most commonly used pain medications worldwide
= |ndicated for short-term pain and fever relief

= Limited evidence of effectiveness

= High doses can have serious and potentially fatal effects

= Maximum daily dose is 4,000 mg / 24 hours

Acetaminophen (APAP, Paracetamol)

Research Question: Did the introduction of the 1,000mg paracetamol tablets
increase the number of paracetamol poisonings in Switzerland?
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Paracetamol poisonings in Switzerland — study methods

P
= National prescription Data Pharmasuisse @

= All paracetamol dispensed in Switzerland community pharmacies (2000-2018)
= Number of packages sold per quarter tabulated and plotted

= Swiss National Poison Centre Data tO:g info,

= All suspected paracetamol poisonings reported to the Swiss poison centre (2000-2018)
= |TS analysis to assess change in poisonings following introduction of 1,000mg tablets

= Intervention date October 2003 (corresponds to Quarter [Q] 4 2003

= Descriptively assess poison reports with 500mg vs. 1,000mg tablets
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Total Paracetamol Sales in Switzerland by formulation

pharmaSuisse (
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Martinez de la Torre A et al. JAMA Network Open (2020)
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Impact of 1,00mg tablets on paracetamol-related poisonings

1O 3info.
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Impact of 1,000mg paracetamol on harmful poisonings

Proportion of toxic doses by paracetamol

90
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60

formulation
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20
10
, 1R

<=4,000mg

Pharmacoepidemiology

4,001 - 9,999mg
m500 mg m1,000 mg

>=10,000mg

90
80
70
60
50
40
30
20
10

Proportion of accidental or intentional by
paracetamol formulation

Accidental Intentional

m500 mg m1,000 mg

Martinez de la Torre A et al. JAMA Network Open (2020)
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Take Home Message - Paracetamol poisonings in Switzerland

= Significant increase in the number poisonings, mirrors increase in use
= Significant increase in accidental poisonings, but not intentional
= |ncrease in the proportion of patients with toxic or lethal doses (>4g or >10g)
= Proportion with >10,000 mg paracetamol was higher among those with 1,000mg tablets

= The high number of accidental poisonings suggests greater care in
prescribing information should be taken

= Benefit-risk should be considered before giving paracetamol in high doses
= No evidence of efficacy in chronic pain
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Drug Utilization Study: Opioid use and overdose in Europe

= Opioid epidemic in the US is well known, but there is increasing use in Europe ]

Presc;iption opioid consumption in defined daily doses per million inhabitants —m- Tramadol —A— Oxycodone —#— Fentanyl —@- Morphine
per day —%— Other opioids
B 2011-2013 W 2013-2015 W 2015-2017 4000

us.

3500
Germany

Canada 3000+

Denmark 2500 -

Netherlands
2000
Spain

1500

<
=

Norway 1000 —

Users per 100000 inhabitants

France

500

5
<
ol

20K 40K 60K 0 T T I | I 1 I I |
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Year
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Use of legal prescription opioids — positioning Switzerland

United States
Australia
Canada |
United Kingdom
Germany
Austria
Denmark
Switzerland
Belgium

Netherlands |

0 10,600 20,000 30,000 40,000 50,000
DAILY PRESCRIPTION OPIOID DOSES PER 1 MILLION PEOPLE

SOURCE: UNITED NATIONS INTERNATIONAL NARCOTICS CONTROL BOARD, 2016 DATA

COUNTRY
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Research objectives

+ With growing use of opioids across Europe in the last
decade, we sought to:

* To evaluate 20-years of sales and overdoses associated
with opioids in Switzerland

 To assess differences between potency and type
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Conclusions

Increasing trends in Swiss opioid sales and poisonings
« Most pronounced increase in strong opioids
« Substantial increase in oxycodone sales and poisonings - particularly since 2008

High per capita sales of strong opioids to community-dwelling inhabitants suggests
opioids are not restricted to palliative cancer pain management

While the Swiss rates of sales and poisonings remain below those in North America -
National monitoring is warranted

Swiss guidelines on pain management should be reviewed to avoid an opioid crisis
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Clinical Impact: Safety of glucocorticoids — threshold effects

= |ndications often have frequent short-courses or tapering regimens for symptom

management
= Oral glucocorticoids are associated with an increased fracture risk

= Effect on fracture risk is dose dependent (215mg day), but effect of cumulative

exposure, and interaction with daily dose, is unclear

Research Question: To investigate the effect of intermittent vs. long-term
glucocorticoid exposure on hip fracture risk
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Glucocorticoid thresholds and hip fracture risk
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Unadjusted Adjusted
Never GC use (reference) - 1 1
Distant past GC use = 1.06 (1.03-1.10) 0.97 (0.93-1.01)
Past GC use - 1.21 (1.12-1.31) 1.04 (0.96-1.14)
Recent GC use - 1.37 (1.26-1.49) 1.19 (1.08-1.30)
Current GC use - 1.88 (1.80-1.98) 1.56 (1.48-1.65)
By DD and CD
DD<7.5 mg. CD g:
<1 —.— 1.28 (1.13-1.46) 117 {1.62-1.35)
21 = 1.74 (1.63-1.87) 1.44 (1.33-1.55)
DD 7.5-14.9 mg, CD g:
<1 —_— 1.67 (1.29-2.18) 1.62 (1.22-2.17)
>1 —a— 1.89 (1.73-2.06) 1.52 (1.38-1.68)
DD =215 mg, CD g:
—-

<1 (Short-course users)

21 (Heavy users)

P

I
0.5

| I | |
1 B % 25
Adjusted odds ratio

I
3

1.59 (1.23-2.04)
3.81 (3.30-4.38)

1.42 (1.08-1.86)
2.94 (2.52-3.42)

Decreased risk Increased risk
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Glucocorticoid thresholds and hip fracture risk
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Unadjusted Adjusted
Never GC use (reference) - 1 1
Distant past GC use = 1.06 (1.03-1.10) 0.97 (0.93-1.01)
Past GC use - 1.21 (1.12-1.31) 1.04 (0.96-1.14)
Recent GC use - 1.37 (1.26-1.49) 1.19 (1.08-1.30)
Current GC use - 1.88 (1.80-1.98) 1.56 (1.48-1.65)
By DD and CD
DD<7.5 mg. CD g:
<1 —.— 1.28 (1.13-1.46) 1.17 (1.02-1.35)
21 = 1.74 (1.63-1.87) 1.44 (1.33-1.55)
DD 7.5-14.9 mg, CD g:
<1 —_— 1.67 (1.29-2.18) 1.62 (1.22-2.17)
>1 —a— 1.89 (1.73-2.06) 1.52 (1.38-1.68)
DD =215 mg, CD g:
<1 (Short-course users) —_— 1.59 (1.23-2.04) 1.42 (1.08-1.86)

21 (Heavy users)

P

I
0.5

| I | |
1 B % 25
Adjusted odds ratio

I
3

3.81 (3.30-4.38)

2.94 (2.52-3.42)

Decreased risk Increased risk
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Glucocorticoid thresholds and hip fracture risk

Never GC use (reference) -
Distant past GC use =
Past GC use -
Recent GC use -

Current GC use -

Unadjusted
1
1.06 (1.03-1.10)
.29 (12131}
1.37 (1.26-1.49)
1.88 (1.80-1.98)

ETH:zurich

Adjusted
1
0.97 (0.93-1.01)
1.04 (0.96-1.14)
1.19 (1.08-1.30)
1.56 (1.48-1.65)

By DD and CD
DD<7.5 mg. CD g:
<1 ——
>1 -

DD 7.5-14.9 mg, CD g:
<1 —_—

>1 —a—

1.28 (1.13-1.46)
1.74 (1.63-1.87)

1.67 (1.29-2.18)
1.89 (1.73-2.06)

1.17 (1.02-1.35)
1.44 (1.33-1.55)

1.62 (1.22-2.17)
1.52 (1.38-1.68)

DD =215 mg, CD g:
<1 (Short-course users)

21 (Heavy users)

P

| I | I | |
g @ =4 H5 2 25
Adjusted odds ratio

Decreased risk Increased risk

Pharmacoepidemiology

I
3

1.59 (1.23-2.04)
3.81 (3.30-4.38)

1.42 (1.08-1.86)
2.94 (2.52-3.42)
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Never GC use (reference) -
Distant past GC use =
Past GC use -
Recent GC use -
Current GC use -
By DD and CD
DD<7.5 mg. CD g:
<1 —_——
>1 -

DD 7.5-14.9 mg, CD g:
<1 _—

>1 —a—

Glucocorticoid thresholds and hip fracture risk

Unadjusted
1
1.06 (1.03-1.10)
.29 (12131}
1.37 (1.26-1.49)
1.88 (1.80-1.98)

1.28 (1.13-1.46)
1.74 (1.63-1.87)

1.67 (1.29-2.18)
1.89 (1.73-2.06)
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Adjusted
1
0.97 (0.93-1.01)
1.04 (0.96-1.14)
1.19 (1.08-1.30)
1.56 (1.48-1.65)

1.17 (1.02-1.35)
1.44 (1.33-1.55)

1.62 (1.22-2.17)
1.52 (1.38-1.68)

DD =215 mg, CD g:
<1 (Short-course users)

21 (Heavy users)

0 @ 4 #s 2 25 B
Adjusted odds ratio

Decreased risk Increased risk

—_—
e . . .

1.59 (1.23-2.04)
3.81 (3.30-4.38)

1.42 (1.08-1.86)
2.94 (2.52-3.42)
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Glucocorticoid thresholds - take home message

= Risk of hip fracture increased 56% given current use of glucocorticoids

= High daily-dose (215 mg) and high-exposure (21 gram) was associated with
an almost 3-fold increase in hip fracture risk

= The threshold of 1-gram cumulative exposure among patients receiving
215 mg prednisone equivalent daily can be used to identify high risk patients
to be targeted for fracture prevention (e.g., initiate anti-osteoporosis drugs)
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Closing Remarks

= Real-world studies can overcomes common limitations in clinical trials
= Restricted patient sample
= Limited follow-up
= Small sample sizes for rare adverse event detection

= Challenges can be overcome if researchers follow key principles:
= Ensure the data source contains the needed information
= Match the study design to the research question
= Control for sources of bias and confounding

= Well conducted pharmacoepidemiology studies are essential to inform drug
safety and clinical decision making
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Critical thinking is essential medical evidence

“ 1t is easy to lie with statistics and graphs because few people take the time to look under
the hood and see how they work.”

“We — each of us - need to think critically and careful about the numbers and words we
encounter.... This means checking the numbers, the reasoning, and the source for
plausibility and rigor. It means examining them as best we can before we repeat them or
use them to form an opinion. We want to avoid the extremes of gullibly accepting ever claim
we encounter or cynically rejecting ever one. Critical thinking doesn’t mean we disparage
everything, it means that we try to distinguish between claims with evidence and those

without.”

-Daniel Levitin, “Weaponized lies: how to think critically in the post-truth era”
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Thank you for your
attention!

Questions?

Please connect with us!

@, http://pharmacoepidemiology.ethz.ch/
W @ETH PharmEpi

. andrea.burden@pharma.ethz.ch
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