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Where did the idea come from? 

Traditionally Anti-malarial- unknown mechanism

Widely used Disease Modifying Anti-Rheumatic Drug (DMARD)

-> EULAR; ACR guidelines for Rheumatoid Arthritis- unknown mechanism

COVID studies in Asia

Raoult- France
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Known Side effects: ‘first doing no harm’

Hydroxychloroquine

• Retinal damage

• Cardiac conduction disorders (QT 
prolongation)

• Cardiomyopathy; ventricular 
hypertrophy

• Proximal myopathy

• Leucopenia,thrombocytopenia

• hypoglycaemia

• Bronchospasm

• Acute hepatic failure

• Psychosis, suicidality

Macrolide antibiotics

• GI disorder

• pancreatitis

• Cardiac conduction disorders 
(QT prolongation)

• leucopenia

• Electrolyte disturbance

• Aggravation of myasthenia 
gravis

• Hallucinations

• Hearing impairment



Before the studyathon... what was actually known? 

Systematic review:

PubMed

EMBASE (1974- present)

ICTRP

ClinicalTrial.gov

Chinese Clinical Trial Registry

BioRxiv and MedRxiv
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Aim: identifying historical safety

Identify the safety of: HCQ , and HCQ + azithromycin

In a historical population of RA users

Range of serious adverse events

Mortality

to run different methodologies simultaneously 

(new user cohort design; self controlled case series)



Protocol registration



Target

Comparator

Outcome

Time-at-risk

Analysis 
specification

Is exposure,

relative to  exposure

associated with a differential risk of occurrence

during the period

under the pre-specified

Goal is to attribute causality to this association; only valid under certain assumptions

Standardized, modular approach to fully specifying 
a comparative cohort study



Among patients with rheumatoid arthritis…

HCQ; HCQ+AZM

SSZ; HCQ+AMX

16 SAEs

• 30-day
• On-treatment

Cox PH outcome 
model conditioned 

on 5 PS strata

Is exposure,

relative to  exposure

associated with a 
differential risk of

occurrence

during the period

under the pre-
specified

Serious adverse events
• Gastrointestinal bleeding
• Acute renal failure
• Acute pancreatitis
• Myocardial infarction
• Stroke
• Transient ischemic attack
• Cardiovascular events (composite)
• Angina or chest pain
• Heart failure
• Cardiac arrhythmia
• Bradycardia
• Venous thromboembolism
• End-stage renal disease
• Hepatic failure
• All-cause mortality
• Cardiovascular mortality

Inpatient 
setting

Any care 
setting

Requires 
reliable 
death 
capture

Outcome ascertainment cohort definitions and supporting references
https://www.thelancet.com/cms/10.1016/S2665-9913(20)30276-9/attachment/7e94f546-41b4-470a-958b-2351d1b63cc9/mmc1.pdf

https://www.thelancet.com/cms/10.1016/S2665-9913(20)30276-9/attachment/7e94f546-41b4-470a-958b-2351d1b63cc9/mmc1.pdf


Observational data/RWD/routine care/…

• Longitudinal, time-stamped encounters, de-
identified, patient-level data including diagnoses, 
procedures, prescriptions/dispensing, some lab 
measurements and results

OP visit

Observation period (e.g. enrollment period in claims) 

IP stayRx RxOP visit Rx



Distributed database network study

Source Population Patients Type

VA US (Veterans) 12M Claims

DAGermany Germany (general population) 37M EHR

IMRD UK (general population) 15M EHR

AmbEMR US (general population) 49M EHR

OpenClaims US (general population) 300M Claims

CPRD UK (general population) 13M EHR

CCAE US (commercially insured, <65y) 142M Claims

MDCD US (Medicaid enrollees) 26M Claims

MDCR US (commercially insured, ≥65y) 10M Claims

IPCI Netherlands (general population 2.5M EHR

JMDC Japan (insured general population) 5.5M Claims

Clinformatics US (commercially insured) 85M Claims

OptumEHR US (general population) 93M EHR

SIDIAP Catalonia (general population) 7.7M EHR
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Source Population Patients Type

VA US (Veterans) 12M Claims

DAGermany Germany (general population) 37M EHR

IMRD UK (general population) 15M EHR

AmbEMR US (general population) 49M EHR

OpenClaims US (general population) 300M Claims

CPRD UK (general population) 13M EHR

CCAE US (commercially insured, <65y) 142M Claims

MDCD US (Medicaid enrollees) 26M Claims

MDCR US (commercially insured, ≥65y) 10M Claims

IPCI Netherlands (general population 2.5M EHR

JMDC Japan (insured general population) 5.5M Claims

Clinformatics US (commercially insured) 85M Claims

OptumEHR US (general population) 93M EHR

SIDIAP Catalonia (general population) 7.7M EHR

14 database
6 countries

7 administrative claims
7 electronic health records

Real world heterogeneity of 
patient experience

Data partners contributing to this study remain custodians of their individual 
patient-level health information and hold either exemption from institutional review 

boards or approval for participation



Comparative cohort study design

randomization

HCQ

SSZ

Eligibility criteria:

• First exposure after Sept 1, 2000

• ≥365 days prior observation

• ≥18 years at index

• RA diagnostics any time prior or 

on index

Index date:

Day 0

Medical history lookback time Follow-up time

Causal contrasts:

• On-treatment effect

• Fixed 30d effect

Outcomes:

• 16 severe adverse 

events

• No prior outcome (30d)

Analysis plan:

• Cox PH model

• Meta-analysis if 

I2<40%

Treatment strategies:

1. HCQ vs SSZ

2. HCQ+AZM vs HCQ+AMX

PS adjustment

Baseline covariates for 

confounding adjustment 

from observed sources:
• Demographics

• Conditions, drugs, procedures, 

devices, measurements 

observed during the 365 and 30

days before and including index 

date

• Comorbidity and risk scores

Calibration outcomes for confounding 

adjustment from unobserved sources: 

65 negative controls

TAR start:

Day 1



Active comparators and propensity score 
stratification to control for observed confounding

• Active comparator, new user design 
nested within RA population

• Further balanced baseline covariates using 
propensity score1 stratification

• Propensity-score: predicted probability of 
exposure, given observed baseline 
characteristics

• Propensity scores created by large-scale 
regularized regression2 (a data-adaptive, 
predictive model that reduces overfitting to 
optimize covariate balance on thousands of 
covariates)

• Each patient has a propensity score and is 
characteristically similar to other patients with 
similar propensity scores 

• Patients distributed across PS quintiles

1. Rosenbaum PR, Rubin DB. Biometrika. 1983;70(1):41–55. doi.org/10.1093/biomet/70.1.41
2. Tian Y, Schuemie MJ, Suchard MA. Int J Epidemiol. 2018;47(6):2005-2014. doi:10.1093/ije/dyy120
3. Austin P. Stat Med. 2009 Nov 10;28(25):3083-107. doi: 10.1002/sim.3697.

Good example of covariate balance3

Bad example of covariate balance



Empirical calibration using negative control 
outcomes to control for unobserved confounding

• Negative control outcome experiments for 
each comparison where the null hypothesis 
of no effect is believed to be true

• E.g. What is the risk of apnea between HCQ vs. 
SSZ?

• Estimated HRs for 65 negative control 
outcomes to generate an empirical null 
distribution

• Based on this error distribution, we calibrated 
the HRs and 95% CIs to reflect any observed, 
residual error1,2

• Control unmeasured confounding and other 
sources of systematic and random error

• PS and calibration methods demonstrate 
good operating characteristics across clinical 
questions and data sources3

Good example of calibration

Bad example of calibration

1. Schuemie MJ et al. Interpreting observational studies: why empirical calibration is needed to correct p-values. Statistics in medicine 2014; 33(2):209-18
2. Schuemie MJ et al. Empirical confidence interval calibration for population-level effect estimation studies in observational healthcare data. Proceedings of 
the National Academy of Sciences of the United States of America 2018; 115(11): 2571-7
3. Schuemie MJ et al. How Confident Are We About Observational Findings in Health Care: A Benchmark Study. Harvard Data Science Review, 2(1). 
https://doi.org/10.1162/99608f92.147cc28e



Self-controlled case series design

Patient A

Observation

Start after 

Sept 1, 2000

HCQHCQ

Risk 

interval

Baseline 

interval

Outcome event 𝐼𝑅𝑅 =
𝑰𝑹 𝒅𝒖𝒓𝒊𝒏𝒈 𝒓𝒊𝒔𝒌 𝒊𝒏𝒕𝒆𝒓𝒗𝒂𝒍𝒔

𝐼𝑅𝑑𝑢𝑟𝑖𝑛𝑔 𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙𝑠

Eligibility criteria:

• Prevalent users 

of HCQ

• No RA or other 

restrictions

• Severe adverse 

event observed

Treatment strategy:

• Periods of HCQ exposure 

vs periods w/o HCQ 

exposure

Baseline 

interval

Risk 

interval

Baseline 

interval

End of 

Observation

Time-varying confounding adjustment

• Age-seasonality adjustment

• Pre-exposure window

• Event-dependent observation correction 

(sensitivity)

Calibration outcomes for confounding 

adjustment from unobserved sources: 

65 negative controls



Results preamble

Exposure N

HCQ 956 374

SSZ 310 350

HCQ+AZM 323 122

HCQ+AMX 351 956

Overall counts

• On-treatment duration of HCQ therapy ranged from median of 
43 days (IQR 43–193) in AmbEMR to 338 days (106–1507) in 
CPRD

• On-treatment during of HCQ+AZM therapy ranged from median 
of 16 days (IQR 16–1381) in DAGermany to 91 days (IQR 16–880) 
in CPRD



Results preamble

Source Any setting Inpatient
All-cause 
mortality

CV 
mortality

VA ✔ ✔ ✔ ✔

DAGermany ✔ ✔

IMRD ✔ ✔ ✔

AmbEMR ✔

OpenClaims ✔ ✔

CPRD ✔ ✔ ✔

CCAE ✔ ✔

MDCD ✔ ✔

MDCR ✔ ✔

IPCI ✔ ✔ ✔

JMDC ✔ ✔

Clinformatics ✔ ✔ ✔ ✔

OptumEHR ✔ ✔

SIDIAP ✔ ✔

Outcome availability

• Hospital-based events 
unavailable in primary 
care records: 

• CPRD, IMRD, SIDIAP

• All-cause mortality only 
available in: 

• CPRD, IMRD, IPCI, 
Clinformatics, SIDIAP, 
VA

• CV mortality only 
available in:

• CPRD, IMRD, 
Clinformatics, VA



Results preamble

• Estimates are reported only 
where diagnostics passed:

• ASMD < 0.1

• Non-zero counts in both 
treatment arms during TAR*

• Any Residual error observed 
in empirical null distribution 
corrected through calibration

* On-treatment time-at-risk unavailable in 
Optum EHR

Source HCQ vs SSZ AZM vs AMX

VA ✔ ✔

DAGermany ✔

IMRD ✔

AmbEMR ✔ ✔

OpenClaims ✔ ✔

CPRD ✔

CCAE ✔ ✔

MDCD ✔ ✔

MDCR ✔ ✔

IPCI

JMDC

Clinformatics ✔ ✔

OptumEHR ✔ ✔

SIDIAP

Diagnostics passed



Study population characteristics in CCAE

• Majority of patients between 50-65 years (~55-60%)

• HCQ vs SSZ before PS 
stratification:

• ⇧ women (82.0 vs 74.3%)

• ⇧ Systemic Lupus Erythematosus 
(1.5 vs 0.5%)

• ⇩ Crohn’s disease (0.6 vs 1.8%)

• ⇩ Psoriasis (3.0 vs 8.0%)

• ⇩ Ulcerative colitis (0.6 vs 1.9%)

• ⇩ Immunosuppressants (39.6 vs 
53.0%)

• ⇩ Systemic corticosteroids (72.9 vs 
76.9%)

• HCQ+AZM vs HCQ+AMZ before 
PS stratification:

• ⇧ Acute respiratory disease (62.5 
vs 50.7%)

• ⇧ Pneumonia (6.8 vs 4.3%)

• ⇧ Drugs for obstructive airway 
diseases (43.6 vs 37.0%)

• ⇧ Systemic corticosteroids (42.5 
vs 37.4%)

• ⇩ Acute sinusitis (14.7 vs 18.5%)

• ⇩ Analgesics (32.0 vs 37.7%)

• Achieved PS strata-weighted covariate balance for HCQ vs SSZ and 
HCQ+AZM vs HCQ vs AMX in many data sources; blinded results where 
covariate balance not achieved



CV mortality, chest pain/angina, and heart failure 
during 30d time-at-risk



CV mortality, chest pain/angina, and heart failure 
during 30d time-at-risk

HCQ vs SSZ incidence rates (/1k PYs) 
and meta-analytic calibrated hazard 
ratios (95% CIs)

*SCCS results consistent

Outcome HCQ IR SSZ IR cHR (95% CI)

CV mortality 3.68 3.86 1.36 (0.51-3.63)

Chest pain/angina 59.86 57.90 0.96 (0.84-1.09)*

Heart failure 16.28 14.34 1.05 (0.89-1.25)*



CV mortality, chest pain/angina, and heart failure 
during 30d time-at-risk

HCQ+AZM vs HCQ+AZM incidence rates 
(/1k PYs) and meta-analytic calibrated 
hazard ratios (95% CIs)
Outcome AZM IR AMX IR cHR (95% CI)

CV mortality 22.70 9.08 2.19 (1.22-3.95)

Chest pain/angina 75.13 59.12 1.15 (1.05-1.26)

Heart failure 31.32 21.32 1.22 (1.02-1.45)



CV mortality, chest pain/angina, and heart failure 
during on-treatment time-at-risk



CV mortality, chest pain/angina, and heart failure 
during on-treatment time-at-risk

HCQ vs SSZ incidence rates (/1k PYs) 
and meta-analytic calibrated hazard 
ratios (95% CIs)

HCQ+AZM vs HCQ+AZM incidence 
rates (/1k PYs) and meta-analytic 
calibrated hazard ratios (95% CIs)

Outcome HCQ IR SSZ IR cHR (95% CI)

CV mortality 4.39 2.03 1.65 (1.12-2.24)

Outcome AZM IR AMX IR cHR (95% CI)

CV mortality 9.03 7.59 1.20 (0.96-1.50)



CV mortality, chest pain/angina, and heart failure 
during on-treatment time-at-risk

HCQ vs SSZ incidence rates (/1k PYs) 
and meta-analytic calibrated hazard 
ratios (95% CIs)

*SCCS results consistent

Outcome HCQ IR SSZ IR cHR (95% CI)

Chest pain/angina 40.36 37.07 1.01 (0.79-1.30)*

Heart failure 13.85 11.43 1.04 (0.80-1.33)*



CV mortality, chest pain/angina, and heart failure 
during on-treatment time-at-risk

HCQ+AZM vs HCQ+AZM incidence 
rates (/1k PYs) and meta-analytic 
calibrated hazard ratios (95% CIs)

Outcome AZM IR AMX IR cHR (95% CI)

Chest pain/angina 40.82 40.95 0.98 (0.94-1.02)

Heart failure 17.58 17.44 0.99 (0.94-1.05)



All-cause mortality, MI, CV events, cardiac arrhythmia, bradycardia, 
TIA, stroke, VTE, GI bleeding, acute renal failure, ESRD, hepatic failure, 
and acute pancreatitis during 30d and on-treatment time-at-risk



All-cause mortality, MI, CV events, cardiac arrhythmia, bradycardia, 
TIA, stroke, VTE, GI bleeding, acute renal failure, ESRD, hepatic failure, 
and acute pancreatitis during 30d and on-treatment time-at-risk

No increased risk 
observed across most 
remaining outcomes*

- HCQ potential 
reduced 30d risk of 
hepatic failure (0.67 
[0.45-1.01])*

- HCQ+AZM potential 
increased 30d risk of 
all-cause mortality 
(1.36 [0.94-1.97])

*SCCS results consistent



Discussion for RA, (and for covid)

Rheumatoid Arthritis

Increased cardiovascular short term risks HCQ + AZM vs HCQ + AMX

Long term risks HCQ vs SSZ

Limitations

Misclassification; non concordance; incomplete recording SAEs

Relative risk

Extrapolation to COVID-19?

- Short term use

- Higher doses

- Different population



Power of the PrePrint...



Impact on Regulatory Bodies



Impact on Regulatory Bodies



Thank you to all the studyathon


