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CLINICAL QUESTION AND LEVEL OF EVIDENCE

* Risk of serious infection in biological treatment of patients
with rheumatoid arthritis
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TRADITIONAL AND NETWORK META-ANALYSIS OF RCT

OR (95% Clor Crl)
Traditional meta-analysis
Standard-dose biological drug with or without traditional DMARD
Combined population - 127 (1-05-1.52)
MTX naive —— 1.05(0-76-1-45)
MTX experienced —— 142 (111-1.83)
TNF experienced —r— 1.21(070-2-08)
Network meta-analysis
Low-dose biological drug with or without traditional DMARD
Combined population 0-93(0-65-1-33)
MTX naive ;j; 0-93 (0-47-1-80)
MTX experienced —— 0-99 (0-61-1.58)
TNF experienced No data
Standard-dose biological drug with or without traditional DMARD
Combined population - 1.31(1.09-1.58)
MTX naive —— 1.08 (0-75-1.53)
MTX experienced —— 1-48 (1-17-1-90)
TNF experienced —t— 1:17 (0-65-2-18)
High-dose biological drug with or without traditional DMARD
Combined population —— 1-90 (1-50-2-39)
MTX naive —— 173(0-89-3-52)
MTX experienced —— 2-07 (1.57-2-74)
TNF experienced I P NE— 1.53 (0-68-3-51)
Combination biological drug with orwithout traditional DMARD
Combined population — 414 (1-87-9-05)
MTX naive No data
MTX experienced ®—» 69.52(2-83-580200)
TNF experienced —_— ——— 3-08 (1.09-8:51)
OvIOI 0!1 1 1|0 1(I)0
“— —>
Decreased risk with biological drug Increased risk with biological drug
with or without traditional DMARD with or without traditional DMARD

Singh J et al. (Lancet 2015) - Risk of serious infection in biological treatment of
patients with rheumatoid arthritis: a systematic review and meta-analysis




HETEROGENEITY IN RA POPULATIONS

OR (95% Clor Crl)

Traditional meta-analysis
Standard-dose biological drug with or without traditional DMARD

Combined population -9 1-27 (1.05-1.52)
MTX naive —— 1.05 (0-76-1-45)
MTX experienced —— 142 (111-1.83)
TNF experienced e 1.21(0-70-2-08)
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Decreased risk with biological drug Increased risk with biological drug
with or without traditional DMARD with or without traditional DMARD

Singh J et al. (Lancet 2015) - Risk of serious infection in biological treatment of
patients with rheumatoid arthritis: a systematic review and meta-analysis




“If the study was not randomised
we’d suggest that your stop
reading it and go on to the next
article in your search”

EVIDENCE BASED MIEDICINE

Sackett DW., Richardson W., Rosenberg W., Haynes RB., (1996), Evidence Based
Medicine.London: Churchill-Livingstone, pp. 108




RCT AND OBSERVATIONAL STUDIES

* RCT are the gold standard for defining the
efficacy

* RCT recruit highly selected populations for short
durations and in very controlled settings

* Selection and duration impact on
* benefits
* adverse events




SUMMARY OF MAJOR EPIDEMIOLOGIC COHORT STUDIES OF THE
RISK OF INFECTION ASSOCIATED WITH TNFI IN RA

. . No. of Drug-specific adjusted
First author, year | Study population e Comparator group relative risk (95% CI)
Listing, 2005 German Biologics 1,529  Hospitalized with Nonbiologic etan. 2.16 (0.9-5.4);

Registry infection DMARD inflix. 2.13 (0.8-5.5)
Wolfe, 2006 National Data Bank 16,788 Hospitalized with Absence of drug  ada. 1.1 (0.6-1.9);
for Rheumatic pneumonia of interest etan. 0.8 (0.6-1.1);
Diseases inflix. 1.1 (0.9-1.4)
Dixon, 2006 British Society of 8,973 Hospitalized with Nonbiologic ada. 1.07 (0.67-1.72);
Rheumatology infection, death, or DMARD etan. 0.97 (0.63—-1.50);
Biologics Register requiring IV antibiotics inflix. 1.04 (0.68-1.61)
Curtis, 2007 Commercial 5,326  Hospitalized with Methotrexate TNFa 1.94 (1.32-2.83)
insurance infection or requiring IV
beneficiaries antibiotics
Schneeweiss, 2007 Medicare 15,597 Hospitalized with Methotrexate TNFa 1.0 (0.60-1.67)
beneficiaries 65 infection
years and older
Dixon, 2007 British Society of 10,829 Hospitalized with Nonbiologic TNFa 1.30 (0.93-1.78);
Rheumatology infection, death, or DMARD TNFa 4.6 (1.8-11.9)*
Biologics Register requiring IV antibiotics
Curtis, 2007 Commercial 5,195 Hospitalized with Methotrexate etan. 1.55 (0.73-3.34);
insurance infection or requiring IV inflix. 2.41 (1.23-4.70)

beneficiaries antibiotics




KEY METHODOLOGICAL ASPECTS TO CONSIDER

* EXPOSURE RISK WINDOWS

* COMPARATOR DRUG

* DRUG INITIATOR AND ONGOING USER DESIGNS
* COMBINATION THERAPY

* POTENTIAL CONFOUNDERS

* DEFINITION OF THE END POINT

* TIME-VARYING VARIABLES

* DATA SOURCES




EXPOSURE RISK WINDOWS

First drug End of study
dispensing period
No lag
period
With lag
period

Washout risk
window

Indefitite risk
window
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COMPARATOR DRUG

Active treatment group ( i.e. Biologics)

Comparator treatment group

AI No treatment ‘
AI Methotrexate
AI Switchers to MTX ‘




DRUG INITIATOR AND ONGOING USER DESIGNS

MTX+bDMARD

DMARD old

MTX+Pbo

bDMARD+cDMARD

DMARD old

DMARD old

bDMARD*cDMARD

No DMARD

DMARD new

bDMARD+cDMARD

DMARD new




COMBINATION THERAPY

simple pattern
0 0 0 0 0 0
1 1 1 1 0 0

hierarchical 1 1 0
0 0 0 1 0 1
1 X X 0 1 0
0 1 X 0 1 1
0 0 1 0 0 1




POTENTIAL CONFOUNDERS IN THE RELATIONSHIP BETWEEN
BDMARDS AND INFECTION

Confounder
(e.g. prior infections,

diabetes, disease
activity, comorbidity
etc.)

Treatment Causal relationship Outcome

(e.g. bDMARDS) (e.g. infection)




DEFINITION OF THE END POINT

Self reported

Physician reported (confirmed in medical records)

Events requiring hospitalisation

Major issue: surveillance bias (observation bias - type of
differential misclassification)

DMARD old bDMARDzcDMARD

DMARD new




TIME-VARYING VARIABLES

Treatment

Confounders




DIFFERENT DATA SOURCES

Cohorttype | Strengths | Weaknesses |

Disease-based
registry

Drug-based
registry

Practice-based or
population-based
registries

Health care
utilization data

Diagnosis is usually very accurate;
disease-specific information is very
rich; medical records are often
available

Diagnosis is usually very accurate;
disease-specific information is very
rich; medical records are often
available

Medical records are often available;
patients represent those in routine
care; often allows for linkage to
pharmacy data; often allows for linkage
to other registries

Patients represent those in routine
care; includes linkage to pharmacy
data; often very large cohorts can be
assembled

Patients may not represent
“typical” cases

“Unexposed” patients may
not be similar

Diagnosis may not be
accurate; outcome
assessment may not be
accurate; disease-specific
information may be lacking

Diagnosis may not be
accurate; outcome
assessment may not be
accurate; disease-specific
information may be lacking




: Exposure risk | Comparator .. Control for . .
First author, year P . P Drug initiated ) Duration of followup | End point assessment
window drug confounding

Listing, 2005 No lag, fixed Nonbiologic DMARD, TNFa Propensity score with 12 months maximum, Reported by study
duration of 365 DMARD disease severity 74% completed the  investigators
days measures, prednisone full 12 months

use, no comorbidities

Wolfe, 2006 No lag, duration No No DMARD, HAQ scores, disease Median 30 months Patient self-report, with

not reported prednisone  no TNFa duration, prednisone some confirmation
use, comorbidities

Dixon, 2006 No lag, duration Nonbiologic No DMARD, HAQ score, DAS, Median 15 months Hospitalized with
according to DMARD TNFa prednisone use, with TNFa, median 11 infections, death, or IV
supply comorbidities months with antibiotics

nonbiologic DMARD

Curtis, 2007 No lag, duration MTX No MTX, Comorbidities, Median 17 months Hospitalized with
according to TNFa prednisone use, health infections defined by
supply plus 90 system factors diagnosis codes with
days primary record

confirmation

Schneeweiss, 2007 No lag, duration MTX MTX, TNFa Propensity score, Mean 15 months with Hospitalized with
according to comorbidities, TNFa, mean 7 infections defined by
supply plus 3 prednisone use, health months with validated primary
half lives system factors nonbiologic DMARD  diagnosis code

Dixon, 2007 No lag, varied Nonbiologic No DMARD, HAQ score, DAS, Hospitalized with
duration DMARD TNFa prednisone use, infections, death, or IV

comorbidities antibiotics

Curtis ,2007 No lag, duration MTX No MTX, Comorbidities, Median 17 months Hospitalized with

according to TNFa prednisone use, health infections defined by

supply plus 90
days

system factors

diagnosis codes with
primary record
confirmation




RECORD DATASET

RECORDEF-

* Record linkage of the
administrative data base of the
Regional Health System of the

DISEASECEHtilication Lombardy Region (>10.000.000

benificiaries)
 Cohort 2004-2014

Demographics

|

|

Outpatient services

|

Hospital discharge * RA patients* and JCA
* 4:1 age- sex- matched control
“ cohort from the general
population

* Carrara, G., et al. BMJ Open (2015).



ANALYSIS OF THE RECORD STUDY

* Pharmacoepidemiology work package

* Aim of the analysis: to compare the risk of hospitalised
bacterial infections in RA patients starting biologics

- +
cDMARD bDMARD1+cDMARD bDMARD1+cDMARD
ag

bDMARDitcDMARD
bDMARDn+cDMARD bDMARDi*cDMARD




INCLUSION CRITERIA

RECORD algorithm for
pharmacoepidemology studies

At least one administration of:
ABATACEPT or
ADALIMUMASB or
CERTOLIZUMASB or
ETANERCEPT or
GOLIMUMAB or
INFLIXIMAB or
RITUXIMAB or
TOCILIZUMAB

Disease certification




DEFINITION OF THE END POINT

Bacterial infection ICD-QC,M (any
- position)

Pneumonia 481*-482*
Septicaemia 038%*, 790.7
Cellulitis 681*-682*
Septic arthritis 711*
Osteomyelitis 730.0*%-730.2*
Urinary tract Infections 590*
Meningitis 049*, 320*
Encephalitis 054.3, 323*

. N Hospital discharge
Endocarditis 421 forms




PRE-SPECIFIED CONFOUNDERS

Confounders

Age

 Disease duration

* Charlson Comorbidity index

« Concurrent DMARDs

« Concurrent glucocorticoids
 Concurrent NSAIDs

* Nr bDMARDs

* Previous infections

Treatment Causal relationship Outcome
(e.g. b(DMARDS) (e.g. infection)

Modelling




CHARLSON COMORBIDITY SCORE

ICD-9-CM

Number (%) of patients
Diagnostic category in study dataset codes
Myocardial infarction 892 (3.3) ::g:llﬂﬂ
Congestive heart failure 595(2.2) 428--428.9
Peripheral vascular disease 698 (2.6) 443.9*
441.441.9*
785.4*
V43.4*
procedure 38.48
Cerebrovascular disease 940 (3.5) 430438t
Dementia 59(0.2) 290-290.9*
Chronic pulmonary discase 2466 (9.1) 490-496*
500-505*
506.4*
Rheumatologic disease 440 (1.6) 710.0*
710.1*
710.4*
714.0-714.2*
714.81*
725*

Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for use with ICD-9-CM

administrative databases. J Clin Epidemiol. 1992 Jun;45(6):613-9.




DESCRIPTIVE RESULTS. STUDY SAMPLE

Mean age (SD, years) 55.7 (12.7)

Female, n (%) 3603 (77.4)

Disease duration N (%)

< 1 years 1052 (22.6)
>1to<2years 1137 (24.4)
>3 1to<5years 1090 (23.4)
> 5 years 1377 (29.6)
Charlson Index, Mean (SD) 1.23 (0.75)
Serious infections in the previous year N (%) 24 (0.5)

Antibiotic prescription in the previous year N (%) 877 (18.8)




DESCRIPTIVE RESULTS. INFECTION RATE

Type of infection N events/person years Incidence rate (x 1000)

Meningitis 8/20762 0.39 (0.17,0.76)
Encephalitis 3/20763 0.14 (0.03,0.42)
Cellulitis 27/20721 1.30 (0.86,1.90)
Endocarditis 3/20764 0.14 (0.03,0.42)
Pneumonia 61/20660 2.95 (2.26, 3.79)
Pyelonephritis 10/20740 0.48 (0.23, 0.89)
Septic arthritis 22/20746 1.06 (0.66, 1.61)
Osteomyelitis 13/20764 0.63 (0.33, 1.07)

Bacteraemia 52/20711 2.51 (1.88, 3.29)




SURVIVAL CURVE
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Risk of hospitalized infections

Adj HR (95%Cl)

ABAvS ETA 0.29 (0.10-0.82) -

ADAvs ETA 1.37 (0.95-1.96) —_—
CER s ETA 1.31(0.43-3.58) L
GOLvs ETA 1.09 (0.37-3.21) &

IMF ws ETA 0.96 (0.60-1.56) —_—
RTXvs ETA 0.95 (0.48-1.91) =

TCZvs ETA 1.24 (0.59-2.61) &

Fus M 0.68 (0.49-0.94) —=

Age 1.04 (1.02-1.05) u

Disease duration 1-2yvs = 1y 1.39 (0.84-2 30) i
Disease duration 3-5yvs = 1y 1.52 (0.93-2.47) i
Disease duration =5y vs = 1y 1.63(0.98-273) =
Charlzon Comaorbidity Index 1.14 (0.93-1.39) -
Concomitant use of NSAIDs 1.20 (0.77-1.87) L
Concomitant use of coticosteroids (daily intake - ma) 1.09 (1.06-1.11) u
Concomitant use of LEF vs Mo DMARD s 0.82 (0.47-1.43) —
Concomitant use of MTXvs Mo DMARD s 0.72(0.52-0.99) ——
Concomitant use of Other DMARDs vs Mo DMARD s 0.82 (0.42-1.59) L
Mumber of previous biologics 0.93 (0.79-1.21) ——
Previous infections 1.52 (1.06-2.18) =

0 0.5 1 15 2 25 3 35




Translating
evidence into
safer care

Evaluating
impact

Measuring
harm

Understandin
g cause

Identify
solutions




CUMULATIVE META-ANALYSIS OF RCT

Year Number of patients with event/number of patients OR (95% Cl or Crl) Cumulative OR
Biologicaldrug  No biological drug weight(%) (35%CorCr)
1998 2/148 1/135 *® 09 1:37 (0-20-957)
1999 3/207 1/156 ® 11 159(0-29-879)
2000 10/500 17/470 @ 85 059 (0-27-1-26)
2001 10/500 17/470 ® 85 059 (0-27-1-26)
2002 10/500 17/470 @ 85 059 (0-27-1-26)
2003 38/2116 24/1252 & 127 0-98 (0-57-1-69)
2004 87/3421 35/2116 —— 18-6 1.63 (1-08-2-45)
2005 93/3804 40/2378 —————— 21.9 149 (1.02-2-18)
2006 155/6650 68/4089 —— 389 1.41(1.05-1-88)
2007 199/7450 97/4663 — 555 127 (0:99-1-62)
2008 244/8925 122/5712 —— 687 126 (1.00-1.57)
2009 285/10226 134/6602 —— 755 132 (1.07-1-63)
2010 291/10782 143/7031 —— 801 128 (1.04-1-57)
2011 303/11221 149/7503 —— 832 130 (1.06-1.59)
2012 315/11763 168/7897 —&— 92-4 1.23(1.02-1.50)
2013 342/13350 183/9258 o 100-0 1.27 (1-05-1.52)
Ol-l 1 110
+— —>
Decreased risk with biological drug Increased risk with biological drug
with or without traditional DMARD with or without traditional DMARD

Singh J et al. (Lancet 2015) - Risk of serious infection in biological treatment of
patients with rheumatoid arthritis: a systematic review and meta-analysis




REAL-TIME EVALUATION OF REAL LIFE-EVIDENCE

Questionable Promising Superior?
o A 4
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1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15
= = = | ower 95% conficence interval 500 | -200 | 450 | 080 | -100 | 050 | 050 | 020 | 000 | 0S50 | 060 | D60
| s— Cumutative rate Giference 000 | 240 | 120 | 230 | 150 | 250 | 200 | 230 | 220 | 250 | 240 | 200
— — = Upper 35% confidence interval 600 | 680 | 210 | 540 | 400 | 550 | 450 | 480 | 440 | 450 | 420 | 340

Questionable: Promising: Superior:

- Investigate - Continue program - Widely disseminate
subgroup effects - Continue evaluation

- Continue evaluation - Moderately expand

program

-Schneeweiss S. Int J Technology Assessment in Health Care (2015)



RE

Greta Carrara

CORDERE

Garifallia Sakellariou
Alessandra Bortoluzzi
Monica Todoerti
Simone Parisi

Elena Generali

$ Regione
Lombardia

DEGLI S

&3 UNIVERSITA’

=
z
>
Z
o
A

IGOCGCE
Antonella Zambon




