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Disaster-driven pharmacovigilance

N Engl J Med 363;9 BMJ 2007;334:120 



Pharmacovigilace 1.0

● “Do we observe what we expect?”

● Key = disproportionality

● Ed Napke (1968)
○ Pigeon hole system

● Computerised 
○ Data mining

○ First proposed in 70s

○ FDA started in 80s

Courtesy of Bruno Stricker



Pharmacovigilance 2.0



Pharmacovigilance 3.0?



Overuse: Unnecessary adoption of AI or advanced ML techniques where alternative, 

reliable or superior methodologies already exists;

Misuse:  Applications of ML that endeavor to replace the role of physicians in situations 

which should still require a human input. 
Nat Med 2022 Oct;28(10):1996-1999



Real World Data vs Real World Evidence

❖ RWD: data relating to patient health status and/or the 

delivery of health care routinely collected from a variety 

of sources, such as electronic health records, claims and 

billing activities, drug and disease registries, patient-related 

activities in out-patient or in-home use settings, and health-

monitoring devices.

❖ RWE is the evidence generated using RWD.

Food and Drug Administration definition



Spontaneous ADR 

reporting databases

The landscape of healthcare data

“Big data will transform medicine. It’s essential to remember, however, that 

data by themselves are useless. To be useful, data must be analyzed, 

interpreted, and acted on». N Engl J Med September 29, 2016; 375:13





https://www.sentinelinitiative.org/about



Individual data partners Data standardization
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https://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=02e96a51-1d56-460c-8c20-3d6f37e0ce46

Inform label 
change



Conduct signal identification 
studies



Priority recommendations of the HMA-EMA joint 
big data task force



DARWIN EU® is a federated network

of data, expertise and services that 

supports better decision-making 

throughout the product lifecycle by 

generating reliable evidence from 

real world healthcare data 
FEDERATED NETWORK PRINCIPLES

• Data stays local

• Use of Common Data Model (where 
applicable) to perform studies in a timely 

manner and increase consistency of 
results



BioDrugs. 2021 Nov;35(6):749-764

On a total population of 54 million persons from 16 Regions, more than 240,000 users of biological 

drugs can be identified from the network of claims databases, with at least 10% being biosimilars.



Cumulative number of biological drug users during the years 2010-2019, 
stratified by single molecule

Trifirò G. et al. Biodrugs. 2021 Nov;35(6):749-764

➢ >520,000 PYs of exposure to biologics for immune 

mediated inflammatory diseases and almost 35,000 

users of biosimilars

➢ Among biologic drug users: >2,000 pregnant women, 

>10,000 very old patients and almost 10,000 children and 

adolescents



Comparison of the baseline characteristics of pivotal RCTs population vs. RW population,
stratified by individual drug and indication for use – Mean age
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What is a signal in pharmacovigilance?

“Information that arises from one or multiple sources

(including observations or experiments), which suggests a new, 

potentially causal association, or a new aspect of a known 

association between an intervention [e.g., administration of a 

medicine]and an event or set of related events, either adverse 

or beneficial, that is judged to be of sufficient likelihood to 

justify verificatory action”.

Council for International Organizations of Medical Sciences (CIOMS)



Data sources triggering the drug withdrawals

Coloma P. et al. Drug Saf. 2013 Mar;36(3):183-97



Spontaneous

reporting system

Longitudinal

healthcare DBs

Active 

Surveillance

Which «ingredients» for signal management?



Massive amounts of reports of COVID-19 vaccine 

related (suspected) adverse reactions

Vaccine N. reports

Pfizer 1,242,962 (+16,332 for new 

variants)

AstraZeneca 550,875

Moderna 383,064 (+ ≈ 8,000 for new 

variants)

Janssen 71,407

Novavax 1,645

Eudravigilance at 9th October 2023



Do we always need Big Data in PV? - 1



Natalizumab and PML

❖ Natalizumab is a monoclonal antibody targeted against the integrin alpha‐4, that 

was initially approved for the treatment of multiple sclerosis and Crohn disease;

❖ This drug was withdrawn from the market by manufacturer in 2005 after 3 

patients developed PML;

❖ After implementation of a global risk management program, natalizumab was 

reintroduced in 2006;

❖ In certain high‐risk individuals, natalizumab has been associated with a PML 

incidence of up to 1 in 85 exposures.

Ransohoff RM. Natalizumab for multiple sclerosis. N Engl J Med. 2007;356:2622‐2629.

Fox RJ, Rudick RA. Risk stratification and patient counseling for natalizumab in multiple sclerosis. Neurology. 2012;78:436‐437

Do we always need Big Data in PV? - 2

Advanced tools and emerging data sources for drug safety signal 

detection cannot replace thorough clinical observation!



http://www.ema.europa.eu/docs/en_GB/document_library/Report/2017/02/WC500221938.pdf
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1. To derive key information from SRS (e.g., ADR risk factors, TTO, treatment

changes) for analysis of specific outcomes that can be tracked in HDB

2. To generate safety signals in SRS that can eventually be

strengthened/validated through the analysis of longitudinal health

databases

Integration of information obtained from SRS and 

longitudinal healthcare databases (HDB)



Outcome
CESIT –

N. report 
RNF

% severe Most frequent PTs
Most commonly
implicated drugs

Median time 
to onset (min-

max), days

Renal
diseases

76 86%
Acute kidney disease (28), 
renal function impairment 

renale (17)

everolimus (14), 
tacrolimus (13)

288 (0-6,339)

Infections 65 82%
Pneumonia (13), Urinary

infections (13)
tacrolimus (36), 
everolimus (21)

602 (0-12,033)

Cardiac
diseases

33 73%
Tachycardia (9), heart

failure (8)
Everolimus (8), 
tacrolimus (5)

241 (0-5,190)

Cancers 23 96%
Baso-cellular carcinoma (4), 
squamous cell carcinoma(4)

Tacrolimus (9), 
micofenolato
mofetile (7)

616 (61-5,793)

To derive key information from SRS for analysis of 
specific outcomes that can be tracked in HDB



Risk of severe infection per active ingredient in patients with Pso/PsA

*reference: infliximab;
Main analysis: censoring for

switch/swap to different bDMARD,
discontinuation, death or end of follow-
up (31 December 2022);
2010-2019 analysis: main analysis
censoring criteria + censoring at
31/12/2019;

COX analysis adjusted for all covariates
(sex, age, comorbidities, previous and
concomitant use of drugs)



To generate safety signals in SRS that can eventually 
be strengthened/validated through the analysis of 
longitudinal health databases
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Signal 

detection
Signal 

Refinement

Signal 

Evaluation
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Rofecoxib and AMI in EU-ADR
Enough exposure for

detection of signal with AMI 

(RR=2)

On September 30, 2004, 

Merck voluntarily withdrew 

rofecoxib

On November 23th, 2000, 

publication of VIGOR trial 

reporting 5 times increased 

thrombotic CV risk vs. naproxen

Under review in Frontiers in Pharmacology



Rofecoxib and AMI in WHO - Vigibase

Data mining= earliest date of onset of the ADR

Data load= report entered date

The lawyer bias?
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Join us



❖ Availability of large amounts of healthcare data from several sources and increasingly 

powerful tools to analyze such data are a great opportunity for postmarketing surveillance of 

drugs on wider scales, beyond traditional SRS;

❖ However, observational studies on drug/vaccine safety carried-out using longitudinal health 

databases don’t usually consider information derived from SRSs;

❖ Findings generated using RWD require robust clinical interpretation and critical judgment 

and in no way large-scale distributed network of  longitudinal healthcare DB will replace 

SRS for signal management;

❖ EHRs, health insurance claims, and drug/disease registries should not be considered in 

isolation, but as part of a wider data context along with other data sources, especially SRS for 

postmarketing surveillance!

Conclusions



Thanks for the attention

Gianluca Trifirò

gianluca.trifiro@univr.it

“The human mind is like a parachute. It works 
better when it is open”. 


