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ABSTRACT
Background The overall incidence of cancer in patients
with rheumatoid arthritis (RA) is modestly elevated. The
extent to which cancer rates in RA vary across clinical
cohorts and patient subsets, as defined by disease
activity or treatment is less known but critical for
understanding the safety of existing and new
antirheumatic therapies. We investigated comparability
of, and means to harmonise, malignancy rates in five RA
registries from four continents.
Methods Participating RA registries were Consortium
of Rheumatology Researchers of North America
(CORRONA) (USA), Swedish Rheumatology Quality of
Care Register (SRR) (Sweden), Norfolk Arthritis Register
(NOAR) (UK), CORRONA International (several countries)
and Institute of Rheumatology, Rheumatoid Arthritis
(IORRA) ( Japan). Within each registry, we analysed a
main cohort of all patients with RA from January 2000
to last available data, and sensitivity analyses of sub-
cohorts defined by disease activity, treatment change,
prior comorbidities and restricted by calendar time or
follow-up, respectively. Malignancy rates with 95% CIs
were estimated, and standardised for age and sex, based
on the distributions from a typical RA clinical trial
programme population (fostamatinib).
Results There was a high consistency in rates for
overall malignancy excluding non-melanoma skin cancer
(NMSC), for malignant lymphomas, but not for all skin
cancers, across registries, in particular following age/sex
standardisation. Standardised rates of overall malignancy
excluding NMSC varied from 0.56 to 0.87 per 100
person-years. Within each registry, rates were generally
consistent across sensitivity analyses, which differed little
from the main analysis.
Conclusion In real-world RA populations, rates of both
overall malignancy and of lymphomas are consistent.

INTRODUCTION
The overall incidence of cancer in patients with
rheumatoid arthritis (RA) is modestly elevated,
though risks vary by cancer type.1 However, the
extent to which cancer rates in RA populations vary

across patient subsets as defined by disease activity
or treatment is less known but highly relevant for
the safety evaluation of new and existing drugs for
RA, which require a careful assessment of their risk:
benefit ratios. Malignancy represents a critical part
of the safety profiles of immunomodulatory drugs.
However, typical drug development programmes,
with limited sample size and follow-up, offer
limited opportunity to assess the risk of low-
frequency, long-term outcomes such as malignan-
cies. For ethical reasons, the placebo-controlled
period of Phase III studies in RA is typically
6 months or shorter.2 Further, patients in any study
arm who do not show a response might be rescued
to active treatment. Together, this precludes infer-
ences on long-term safety, including malignancies.
Published data from observational/clinical cohorts
can be used to provide background rates, but their
utility as a comparison or context for trial data is
limited by differences in study design, including dif-
ferences in demographic (eg, age and sex) and geo-
graphical characteristics, uncertain comparability
with respect to clinical characteristics, suboptimal or
uncertain alignment of cancer outcome definitions
and the availability of aggregate level (rather than
age/sex-specific or patient-level) data only.
The overall aim of this study, which formed part

of a larger research programme aimed at improving
the means and methods to contextualise drug
safety in a typical RA drug development pro-
gramme, was therefore to investigate the cancer
incidence in patients with RA in clinical practice.
Specifically, we sought to assess rates of cancer in
observational data standardised to the age/sex dis-
tribution in a RA trial programme (the Syk inhibi-
tor fostamatinib Phase II/III trial population3 4), to
investigate the variability of these rates across clin-
ical registries and to investigate the robustness of
these rates across defined subpopulations.

SUBJECTS AND METHODS
We (1) identified relevant observational RA cohorts
that included individual-level patient data on
cancer incidence, (2) harmonised the cancer
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outcome definitions across these cohorts, (3) identified baseline
differences of importance between the cohorts and the clinical
trial programme, and the most important predictors for cancer
incidence in the cohorts, (4) assembled a matrix of cancer inci-
dence rates stratified by these predictors, enabling the calcula-
tion of standardised rates and (5) assessed their robustness
across sensitivity analyses including different definitions of sub-
cohorts and follow-up.

Study populations
The overall safety contextualisation programme, described else-
where, linked to the RA trial programme in question (fostamati-
nib) spanned a range of outcomes.5 Fostamatinib was being
developed by AstraZeneca for RA, but discontinued in this indi-
cation after its Phase III programme. Since the focus of the
current study is on the variability and means to harmonise
cancer incidence data from clinical practice rather than on the
safety of fostamatinib, we will here refer to it as the ‘RA trial
programme’. For contextualisation, five RA registries, described
in online supplementary table S1, were selected: Consortium of
Rheumatology Researchers of North America (CORRONA)
(USA6), Swedish Rheumatology Quality of Care Register (SRR)
(Sweden7), Norfolk Arthritis Register (NOAR) (UK8), Institute
of Rheumatology, Rheumatoid Arthritis (IORRA) ( Japan9) and
CORRONA International, based on the following considera-
tions: (1) existing registries/cohorts with a publication track
record (except CORRONA International, set-up for this

project), (2) global representation to match the geographical
profile of a global clinical study programme, (3) size and data
quality, including availability of detailed RA-specific longitudinal
data, (4) capture of longitudinal data on morbidity and mortal-
ity and (5) ongoing data collection reasonably concurrent with
the RA trial programme.

Definitions of the study cohort and sub-cohorts
Within each registry, we assembled a main cohort of all patients
with RA aged over 18 years who were alive on 1 January 2000
or who joined the registry thereafter but before 31 July 2013.
To explore how additional criteria might increase comparability
with the RA trial programme, we identified a series of nested
sub-cohorts defined by disease activity, treatment status/change
and prior comorbidities. Figure 1 illustrates the identification of
the main registry cohorts and nested sub-cohorts. No additional
inclusion/exclusion criteria were applied.

Follow-up and cancer outcomes
Start of follow-up was defined as the later of the date on which
the patients entered the registry or 1 January 2000. In the
nested sub-cohorts, start of follow-up was defined as the later of
the date of eligibility for the sub-cohort in question or 1
January 2000. In all analyses, end of follow-up was defined as
the earliest of first occurrence of the outcome, loss to follow-up,
death, last date of available follow-up data from each registry or
31 July 2013.

Figure 1 Definitions and relationship between the main cohort (here denoted Cohort A) and nested sub-cohorts. Note that Cohorts B and C1 are
intermediate steps and were not included in the final sub-cohort sensitivity analyses. Note also that the C1 and C2, as well as the C1a and C1b,
sub-cohorts are partly overlapping, as some individuals may be included in one sub-cohort at one point in time and then at another (later) point in
the other (given the longitudinal character of the data). 1Main registry cohort of patients in registry from 1 January 2000 (or earliest first date after
1 January 2000); baseline at 1 January 2000 or cohort entry. 2Sub-cohort defined by selection of patients with active rheumatoid arthritis (RA)
(patients with seropositive/erosive RA and with ≥4 + 4 tender/swollen joints from 28-joint counts), with redefinition of cohort baseline. 3Sub-cohort
defined by selection of patients with treatment switch/addition who are previously biologic-naïve (inadequate response to MTX/DMARDs), with
redefinition of cohort baseline. 4Sub-cohort defined by selection of patients with treatment switch/addition who have been treated previously with
biologics (inadequate response to biologics), with redefinition of cohort baseline. *At time of treatment change/initiation (‘switch’), patients with
history of cancer; major CV event in the previous 6 months (myocardial infarction, unstable angina, stroke, pulmonary embolism or heart failure); on
oral steroids prednisolone (or equivalent) >10 mg/day—as markers of potential risk for cancer, CV disease and infections were excluded—in
alignment with the corresponding relevant trial exclusion criteria. CV, cardiovascular; DMARD, disease-modifying antirheumatic drug; MTX,
methotrexate.
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We investigated four cancer-related outcomes: all malignan-
cies excluding non-melanoma skin cancer (NMSC), solid malig-
nancies, all skin cancers and malignant lymphomas. Prior to the
analysis, event definitions were agreed on for best validity and
comparability across registries and the RA trial programme,
depending on the type and level of data available (see online
supplementary table S2). For benchmarking, we also included
cancer rates previously published from the same registries.

Predictors of cancer occurrence in each data source
For each outcome and registry, a series of Cox-regression ana-
lyses was performed to gauge the strength of the association
between predefined covariates and the outcome under study.
The covariates assessed included age, sex, health assessment
questionnaire (HAQ) score, body mass index, RA treatment
history, indices of RA disease activity at baseline and a set of
typical trial exclusion criteria.3 4 These analyses indicated which
covariates would be the most important to use in the standard-
isation of incidences from the RA registries. Apart from age and
sex, there was no consistent pattern across registries of substan-
tial associations between any of the investigated baseline covari-
ates and the incidence of any of the malignancy outcomes under
study (data not shown). Therefore, age (four categories) and sex
were used as standardising factors (ie, eight strata).

Assessment of the robustness of the rates
Sensitivity analyses were variations on the main analysis and
were performed for the two selected major outcomes of inter-
est: all malignancies excluding NMSC and malignant lymph-
omas. These analyses applied sub-cohort definitions including
selected study inclusion and exclusion criteria to mirror typical

criteria in the trial programme (as described above, figure 1),
restricted the follow-up time (in calendar time or by truncation
at 18 months, see online supplementary table S3) and intro-
duced additional standardisation for HAQ score in three cat-
egories (in addition to age/sex; total 24 categories).

Data analysis and estimation of rates
Each registry calculated the number of observed cases of the
outcome and the total person-time of follow-up in each stratum
defined by the selected standardisation variables. A central ana-
lysis used these stratum-specific data to construct incidence rates
for each registry, standardised to the distribution of the RA trial
programme patient population for the selected standardisation
variables, with CIs based on a gamma distribution.10 11 All
patient-level data remained with the registries throughout.

RESULTS
Baseline characteristics and comparability between the
registry cohorts and the RA trial programme population
Table 1 summarises the numbers of patients and available
person-time in the main cohorts, each of the nested sub-cohorts
and the sensitivity analyses. The main cohorts included between
1564 and 24 176 patients. In each registry, patient numbers
dropped considerably (typically by >50%) as additional require-
ments (eg, about treatment changes or disease activity) were
added in sensitivity analyses.

Table 2 and online supplementary table S5 summarise the
baseline characteristics of patients in the five main cohorts.
Across these cohorts, there were marked differences in the age/
sex distribution, RA disease duration, disease activity indices,
treatment exposures, comorbidities and in the proportions of

Table 1 Number of patients (person-years) in the registry cohorts: in the main cohort, in the nested sub-cohorts and remaining sensitivity
analyses

CORRONA SRR NOAR
CORRONA
International IORRA

Main analysis

Main cohort defined from 1 January 2000 24 176 (76 089) 18 527 (81 648) 1564 (10 970) 3867 (3037) 10 255 (62 345)

Sensitivity analyses

Sub-cohorts defined based on inclusion criteria

Sensitivity analysis 1: Active RA (patients with seropositive/erosive RA
and with ≥4+4 tender/swollen joints)

7267 (23 450) 7268 (32 622) 373 (2032) 1106 (813) 2703 (16 826)

Sensitivity analysis 2: Treatment switch/addition in biologic-naïve patients 3079 (9790) 5945 (25 449) 364 (2035) 285 (186) 5250 (29 464)

Sensitivity analysis 3: Treatment switch/addition in patients previously
treated with biologics

3617 (10 075) 1688 (5835) NA NA NA

Sub-cohorts with additional restriction based on trial exclusion criteria

Sensitivity analysis 4: Treatment switch/addition in biologic-naïve patients
with trial exclusion criteria also applied

2624 (8488) 5022 (21 963) 328 (1836) 273 (178) 5001 (28 302)

Sensitivity analysis 5: Treatment switch/addition in patients previously
treated with biologics patients with trial exclusion criteria also applied

3046 (8553) 1409 (4922) NA NA NA

Restrictions in calendar time period studied and in follow-up (truncated to 18 months)

Sensitivity analysis 6: 2005 and onwards; main cohort defined from 1
January 2005

22 896 (65 030) 17 186 (55 043) 1439 (8943) 3867 (3037) 8457 (39 857)

Sensitivity analysis 7: Treatment switch/addition in biologic-naïve
patients, with 18 months truncated follow-up

3079 (3356) 5945 (7877) 364 (544) 285 (185) 5250 (7476)

Sensitivity analysis 8: Treatment switch/addition in patients previously
treated with biologics, with 18 months truncated follow-up

3617 (3870) 1688 (2138) NA NA NA

Additional standardisation

Sensitivity analysis 9: Standardised for HAQ score category in addition to
sex and age

23 117 (72 264) 16 712 (75 280) 1535 (10 763) 3572 (2704) 10 234 (62 232)

CORRONA, Consortium of Rheumatology Researchers of North America; HAQ, Health assessment questionnaire; IORRA, Institute of Rheumatology, Rheumatoid Arthritis; NA, Not
available; NOAR, Norfolk Arthritis Register; RA, Rheumatoid arthritis; SRR, Swedish Rheumatology Quality of Care Register.

Askling J, et al. Ann Rheum Dis 2015;0:1–8. doi:10.1136/annrheumdis-2015-208105 3

Clinical and epidemiological research

group.bmj.com on December 10, 2015 - Published by http://ard.bmj.com/Downloaded from 

http://ard.bmj.com/
http://group.bmj.com


patients who fulfilled the main exclusion criteria of the RA trial
programme. These differences were larger across the registry
cohorts than between them and the RA trial programme (see
online supplementary table S4). Patients from the RA trial pro-
gramme were younger, more often women, had higher DAS28
scores, higher HAQ scores, higher swollen joint counts and
higher erythrocyte sedimentation rate values than the registry
cohorts; the differences in C reactive protein levels were less
pronounced (see online supplementary table S4). As in most
other RA trial programmes, the inclusion criteria were intended
to select subjects with active disease, plus seropositive or erosive
disease. In the registry main cohorts, no such restrictions
applied.

Occurrence, crude and standardised cancer incidence rates
across the registry cohorts
Table 3 summarises the observed numbers of events and the
crude and standardised incidences of malignancy across the
main registry cohorts (for completeness, data from the RA trial
programme are presented in online supplementary table S4).
The number of all malignancies excluding NMSC ranged from
129 (NOAR) to 1078 (SRR), in part reflective of cohort size, in
part of their age/sex characteristics: the crude incidences for all

malignancies excluding NMSC varied approximately threefold,
from 0.49 (CORRONA International) to 1.36 (SRR) per 100
person-years (pyr). By contrast, the age/sex-standardised rates
varied less (close to twofold). Excluding CORRONA
International, the most heterogeneous registry with the shortest
follow-up and lowest rate, the age/sex-standardised rates for all
malignancies excluding NMSC ranged from 0.64 to 0.87 per
100 pyr (varying by a factor of 1.4).

Age/sex-standardised rates for malignant lymphoma were sur-
prisingly similar, 0.06 per 100 pyr except in NOAR where it
was 0.09 per 100 pyr (CORRONA International was not ana-
lysed due to insufficient number of lymphoma events). For solid
malignancies, age/sex-standardised rates were also remarkably
similar. For all skin cancers, however, the age/sex standardised
rates varied from 0.01 (IORRA) to 0.50 (CORRONA).

Further sensitivity analyses were restricted to the two major
outcomes of interest (all malignancies excluding NMSC and
malignant lymphomas). CORRONA International provided too
few events and was excluded from subsequent analyses.

Robustness of the standardised incidence rates
Table 4 shows the age- and sex-standardised cancer incidence
rates across sensitivity analyses (including HAQ standardisation

Table 2 Demographic and clinical characteristics in five RA registries at baseline (main analysis: main cohort from 1 January 2000). N (%) unless
otherwise indicated*

CORRONA (n=24 176) SRR (n=18 527) NOAR (n=1564) CORRONA International (n=3867) IORRA (n=10 255)

Demographics

Sex

Male 5791 (24.0%) 5499 (29.7%) 470 (30.1%) 584 (15.1%) 1829 (17.8%)

Female 18 385 (76.0%) 13 028 (70.3%) 1094 (69.9%) 3283 (84.9%) 8426 (82.2%)

Missing 0 0 0 0 0

Age, years

<50 5973 (24.7%) 4268 (23.0%) 390 (24.9%) 1260 (32.6%) 3016 (29.4%)

50 to <65 10 198 (42.2%) 6934 (37.4%) 588 (37.6%) 1810 (46.8%) 4529 (44.2%)

≥65 8005 (33.1%) 7325 (39.5%) 586 (37.5%) 797 (20.6%) 2710 (26.4%)

Missing 0 0 0 0 0

See also online supplementary table S5.
CORRONA, Consortium of Rheumatology Researchers of North America; IORRA Institute of Rheumatology, NOAR, Norfolk Arthritis Register; SRR: Swedish Rheumatology Quality of Care
Register.

Table 3 Numbers of events (person-years), crude and age/sex-standardised incidence rate of malignancy per 100 PY in the registry main cohorts

Outcome Parameters CORRONA SRR NOAR
CORRONA
International IORRA

All malignancies excluding
non-melanoma skin cancer

No. of events (PY) 694 (74 875) 1078 (79 241) 129 (10 695) 15 (3034) 241 (33 582)

Crude rate 0.93 1.36 1.21 0.49 0.72

Std rate (95% CI)* 0.64 (0.58, to 0.70) 0.87 (0.80 to 0.94) 0.77 (0.60 to 0.99) 0.46 (0.25 to 0.81) 0.65 (0.57 to 0.75)

Solid malignancies No. of events (PY) 1005 (74 336) 1136 (79 045) 156 (10 633) 15 (3034) 214 (33 630)

Crude rate 1.35 1.44 1.47 0.49 0.64

Std rate (95% CI) 0.93 (0.86 to 1.01) 0.86 (0.80 to 0.94) 0.88 (0.70 to 1.10) 0.41 (0.22 to 0.73) 0.58 (0.49 to 0.67)

All skin cancers No. of events (PY) 465 (62 756) 274 (80 953) 52 (10 844) 5 (3037) 5 (33 979)

Crude rate 0.74 0.34 0.48 0.16 0.01

Std rate (95% CI) 0.50 (0.44 to 0.56) 0.17 (0.14 to 0.20) 0.25 (0.16 to 0.38) 0.11 (0.03 to 0.31) 0.01 (0.00 to 0.04)

Malignant lymphomas No. of events (PY) 62 (75 787) 82 (81 459) 10 (10 931) 3 (3037) 23 (33 951)

Crude rate 0.08 0.10 0.09 NC 0.07

Std rate (95% CI) 0.06 (0.04 to 0.08) 0.06 (0.04 to 0.08) 0.09 (0.03 to 0.21) NC 0.06 (0.04 to 0.10)

*Approximate CIs based on the gamma distribution.
Note that rates were only produced if sufficient events were available to calculate them; NC denotes not calculated due to too few events (<5).
CORRONA, Consortium of Rheumatology Researchers of North America; IORRA, Institute of Rheumatology, Rheumatoid Arthritis; NOAR, Norfolk Arthritis Register; PY, person-years; SRR,
Swedish Rheumatology Quality of Care Register; Std, Standardised.

4 Askling J, et al. Ann Rheum Dis 2015;0:1–8. doi:10.1136/annrheumdis-2015-208105

Clinical and epidemiological research

group.bmj.com on December 10, 2015 - Published by http://ard.bmj.com/Downloaded from 

http://ard.bmj.com/
http://group.bmj.com


in one sensitivity analysis) and across registries for all malig-
nancies excluding NMSC and for malignant lymphomas.
For all malignancies excluding NMSC, rates varied some-
what across the sensitivity analyses, from 0.59 to 0.84
(CORRONA), 0.73 to 1.14 (SRR), 0.46 to 0.77 (NOAR),
0.46 to 0.66 (CORRONA International) and 0.51 to 0.71
(IORRA) per 100 pyrs. Across registry cohorts, there was no
obvious pattern of highest/lowest rates observed in any of the
sensitivity analyses, with the possible exception of higher rates
(CORRONA and SRR) in the sensitivity analyses restricted to
previously biologics-treated patients who added/switched treat-
ment (table 4).

For malignant lymphomas, the number of events was smaller
(table 3), the CIs were wider and the variation across registries/
sensitivity analyses somewhat more difficult to interpret.
However, there was no consistent pattern of variation except
higher point estimates in the sensitivity analyses restricted to
sub-cohorts of previously biologics-treated patients who added/
switched treatment (table 4).

Previously published rates from the registries included
in this study
While several previous publications had described relative risks,
cancer incidences in the different RA cohorts themselves or in

Table 4 Summary of all malignancies excluding non-melanoma skin cancer, and of malignant lymphomas; incidence rates per 100 person-years
standardised by age and sex across all sensitivity analyses

Analyses outcome

Age/sex-standardised incidence rate per 100 PY (95% CI)*

CORRONA SRR NOAR CORRONA International IORRA

Main analysis

Main cohort defined from 1 January 2000

All malignancies excluding NMSC 0.64 (0.58 to 0.70) 0.87 (0.80 to 0.94) 0.77 (0.60 to 0.99) 0.46 (0.25 to 0.81) 0.65 (0.57 to 0.75)

Lymphomas 0.06 (0.04 to 0.08) 0.06 (0.04 to 0.08) 0.09 (0.03 to 0.21) NC 0.06 (0.04 to 0.10)

Sensitivity analyses

Sub-cohorts defined based on inclusion criteria

Sensitivity analysis 1: Sub-cohort; active RA (patients with seropositive/erosive RA and with ≥4+4 tender/swollen joints)

All malignancies excluding NMSC 0.59 (0.49 to 0.71) 0.89 (0.78 to 1.00) 0.77 (0.43 to 1.36) NC 0.71 (0.52 to 0.98)

Lymphomas 0.05 (0.02 to 0.10) 0.06 (0.04 to 0.09) NC NC NC

Sensitivity analysis 2: Sub-cohort; treatment switch/addition in biologic-naïve patients (MTX/DMARD-IR)

All malignancies excluding NMSC 0.63 (0.47 to 0.83) 0.78 (0.68 to 0.91) 0.71 (0.44 to 1.23) NC 0.57 (0.44 to 0.74)

Lymphomas 0.06 (0.01 to 0.17) 0.06 (0.04 to 0.10) NC NC 0.05 (0.02 to 0.13)

Sensitivity analysis 3: Sub-cohort; treatment switch/addition in patients previously treated with biologics (BLX-IR)

All malignancies excluding NMSC 0.80 (0.64 to 1.00) 0.81 (0.59 to 1.08) NA NA NA

Lymphomas 0.08 (0.03 to 0.16) 0.08 (0.03 to 0.20) NA NA NA

Sub-cohorts with additional restriction based on trial exclusion criteria

Sensitivity analysis 4: Sub-cohort; MTX/DMARD-IR patients with RA trial programme exclusion criteria also applied

All malignancies excluding NMSC 0.60 (0.44 to 0.82) 0.73 (0.62 to 0.86) 0.64 (0.37 to 1.18) NC 0.55 (0.43 to 0.72)

Lymphomas 0.04 (0.01 to 0.15) 0.06 (0.04 to 0.11) NC NC 0.05 (0.02 to 0.13)

Sensitivity analysis 5: Sub-cohort; BLX-IR patients with RA trial programme exclusion criteria also applied

All malignancies excluding NMSC 0.72 (0.55 to 0.93) 0.82 (0.59 to 1.13) NA NA NA

Lymphomas 0.07 (0.03 to 0.17) 0.10 (0.03 to 0.24) NA NA NA

Restrictions in calendar time period studied, and in follow-up (truncated to 18 months)

Sensitivity analysis 6: Main cohort; main cohort defined from 1 January 2005

All malignancies excluding NMSC 0.66 (0.59 to 0.73) 0.89 (0.80 to 0.98) 0.75 (0.56 to 0.99) 0.46 (0.25 to 0.81) 0.69 (0.54 to 0.88)

Lymphomas 0.05 (0.04 to 0.08) 0.06 (0.04 to 0.09) 0.08 (0.02 to 0.21) NC 0.03 (0.01 to 0.10)

Sensitivity analysis 7: Sub-cohort; MTX/DMARD-IR patients with 18 months truncated follow-up

All malignancies excluding NMSC 0.84 (0.54 to 1.28) 0.81 (0.62 to 1.05) 0.46 (0.12 to 1.74) NA 0.51 (0.33 to 0.78)

Lymphomas NC 0.05 (0.02 to 0.14) NC NA 0.06 (0.01 to 0.23)

Sensitivity analysis 8 Sub-cohort; BLX-IR patients with 18 months truncated follow-up

All malignancies excluding NMSC 0.73 (0.50 to 1.06) 1.14 (0.73 to 1.73) NA NC NA

Lymphomas 0.10 (0.03 to 0.28) NC NA NC NA

Additional standardisation

Sensitivity analysis 9: Main cohort standardised for HAQ score in addition to sex and age

All malignancies excluding NMSC 0.67 (0.55 to 0.81) 0.91 (0.80 to 1.03) 0.77 (0.57 to 1.05) 0.66 (0.32 to 1.30) 0.71 (0.54 to 0.97)

Lymphomas 0.05 (0.03 to 0.11) 0.06 (0.04 to 0.11) 0.06 (0.02 to 0.20) NC 0.04 (0.02 to 0.19)

*Approximate CIs based on the gamma distribution.
Note that rates were only produced if sufficient events were available to calculate them; NC denotes not calculated due to too few events (<5).
BLX-IR, Inadequate responders to biologics; CORRONA, Consortium of Rheumatology Researchers of North America; DMARD, disease-modifying antirheumatic drug; HAQ, Health
assessment questionnaire; IORRA, Institute of Rheumatology, Rheumatoid Arthritis; MTX-IR, Inadequate responders to methotrexate; MTX/DMARD-IR, Inadequate responders to
methotrexate/DMARDs; NA, Not available; NMSC, non-melanoma skin cancer; NOAR, Norfolk Arthritis Register; RA, rheumatoid arthritis; SRR, Swedish Rheumatology Quality of Care
Register.
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subsets thereof were less often provided, and if so, typically as
overall rather than age/sex-specific rates. Figure 2A–C illustrates
the relationship between the crude incidence rates (reflective of
the age/sex composition of each registry); the age/sex-adjusted
incidence rates obtained in our study (ie, standardised to the RA
trial programme) and the previously published (crude) rates
from the same registries.12–19 The difference between these
three estimates reflects the level of ‘harmonisation’ achieved via
age/sex-standardisation and via tailoring the definition of the
outcome and other details of the analyses.

DISCUSSION
In this study using large observational cohorts of patients with
RA, we made the following observations: (1) through a con-
certed and harmonised approach, it was possible to define
subsets of patients within the main cohorts who were more
similar to RA trial populations, (2) age and sex were the main
determinants of cancer incidence; RA characteristics were not
strong determinants of cancer incidence, (3) taking age and sex
into account, the incidences of all malignancies excluding
NMSC and of malignant lymphomas were reasonably consistent
across the registries, and robust across a large series of sensitivity
analyses and (4) non-standardised or differently standardised
rates available in the literature do not provide as tailored
context as the coherent approach presented here (and certainly
not patient-level data nor rates amenable to standardisation).
The exception was skin cancer, which displayed too large a vari-
ation across registries and analyses to provide a readily usable
benchmark for an RA trial programme.

Approval and safety contextualisation for clinical trial pro-
grammes as well as for already-licensed drugs calls for new
approaches.20 Our study was set up as part of a proactive pre-
approval safety programme to contextualise safety data emer-
gent from an RA trial programme. The characteristics of this
particular trial programme, the rationale for the safety context-
ualisation effort and challenges encountered in this, are,
however, largely generic to all current antirheumatic therapies.
In RA, while it is known that the overall cancer incidence is
modestly elevated, it is unknown to what extent rates vary with
RA characteristics or in relation to specific therapeutic exposures.
Our study provides insights into these important issues, and sug-
gests a lower level of variability across patient subsets (taking stat-
istical precision into account) than one might have expected. This
is not to say that there may not be profound differences in cancer
risk across different patient segments, only that segments as
defined by point measurements such as disease activity or treat-
ment status are not, in any consistent way, major risk determi-
nants for cancer occurrence in RA, or at least not in comparison
to age and sex. The one exception is ‘all skin cancers’ which
exhibited a large variation across registries. This is, however, not
surprising, as rates will be reflective of the relative proportion of
basal versus squamous cell skin cancer, skin type, and ultraviolet
exposure and the outcome definitions (all NMSC, in situ/invasive,
squamous vs basal cell) and case ascertainment methods (self-
report, rheumatologist report, register-linkage) in use.21 Thus, a
better understanding of skin cancer risks using RA cohorts as
benchmark would require even greater attention to population
and geographical characteristics, as well as a more narrowly
defined and tailored outcome definition than ‘all skin cancers’.

Our study cohorts were derived from existing RA clinical
cohorts/registries. The observed baseline differences in RA
characteristics are a consequence of the nature of the underlying
data collections more than of any geographical differences in
RA phenotype and management. For instance, SRR and NOAR

are early RA/arthritis cohorts, whereas CORRONA and IORRA
are registries of prevalent patients.

Clearly, there are limitations when observational data are used
to provide context for randomised clinical trial data. These
include differences in patient populations, intensity and the
length of follow-up, data availability, and definitions of variables
and outcomes. In our study, limitations include the following: (1)
the major established registries contributing the bulk of the data
may not be fully representative of the global incidence of cancer
in RA; (2) the data sources, patient population coverage,
outcome variable availability and quality of data collection varied
across registries; (3) data collection methods for events varied
across registries, for example, from systems unrelated to the regis-
try (linkage to administrative hospitalisation data for SRR and
NOAR), via active collection from patients then validated with
medical records (eg, IORRA), to data collected actively by the
physician and adjudication of selected events (eg, CORRONA);
(4) there is a risk of under-reporting fatal or serious outcomes if
patients leave the registry or are not adequately followed up. This
may be relevant for malignancy outcomes for registries without
automatic linkage to cancer or hospital discharge registries (here,
CORRONA, and IORRA), whereas malignancy and vital status
data from SRR and NOAR would be expected to be more com-
plete; (5) a clinical trial programme may be enriched for both
‘healthier’ and ‘sicker’ participants based on the inclusion and
exclusion criteria, which may have implications for the short-
term to medium-term risk of cancer. On the other hand, trial par-
ticipants undergo more thorough testing and follow-up than
would be experienced by patients in registries. Therefore, earlier
and subclinical malignancy may be more likely to be identified in
clinical trial populations, leading to an apparent higher risk for
certain outcomes, at least in the short term and (6) typical Phase
II/III RA trial programmes tend to have double-blind periods of
less than 1 year, and even long-term extension studies on active
drug provide follow-up times which, from a cancer biology point
of view, are short. We addressed this issue by performing sensitiv-
ity analyses restricting the follow-up time in the registry cohorts
to 18 months (instead of an average of a few years), though
without noting any major effects on cancer rates.

While the extent of these biases cannot be fully known, we
tried to address them with a variety of sensitivity analyses. The
consistency of results across the analyses lends weight to the
overall findings. Indeed, our collaborative approach has some
particular strengths: a coherent approach across existing and
new registries as well as direct access to patient-level data
enabled us to standardise rates to a common standard as
opposed to reliance on overall rates published in the literature
and the possibility to tailor appropriate study populations and
support sensitivity analyses and to harmonise the outcome defi-
nitions. With a main analysis that used a relatively unselected
cohort over long follow-up from each registry, supplemented
with a series of sensitivity analyses, we could both maximise
precision across registries and provide an assessment of potential
‘bias’ in the main analysis. The selection of registry sub-cohorts
allowed us to explore the effect of trying to resemble clinical
study populations. Finally, temporal matching to the clinical
trial programme minimised differences due to changes in risk
panorama or treatment patterns over time.

In conclusion, a consistent methodology and age/sex stand-
ardisation demonstrated that, in RA populations from clinical
practice from different countries and with variations in RA man-
agement and comorbidity, rates of overall malignancy excluding
NMSC, solid malignancy and malignant lymphoma were rea-
sonably consistent across registries and for within-registry
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sensitivity analyses. By contrast, data on all skin cancers demon-
strated a larger variability and could not be as easily harmo-
nised. Enriching information from clinical trials programmes

with contextual observational data from clinical registries is a
powerful means to improve the understanding of the safety
profile of new drug compounds in the preapproval phase. These

Figure 2 Incidence of malignancies
across the five rheumatoid arthritis
(RA) registry main cohorts, crude as
well as age/sex-standardised to the RA
trials programme, and overall crude
rates as previously reported from the
same registries.12–19 (A) All
malignancies excluding non-melanoma
skin cancer; (B) Malignant lymphomas
and (C) All skin cancers. CORRONA,
Consortium of Rheumatology
Researchers of North America; IORRA,
Institute of Rheumatology, Rheumatoid
Arthritis; NOAR, Norfolk Arthritis
Register; SRR, Swedish Rheumatology
Quality of Care Register.
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contextual data may also serve as a critical starting point for
proactive post-approval risk management.
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