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ABSTRACT
Objective This observational cohort study investigated
the impact of biological (b) disease-modifying
antirheumatic drugs (DMARDs) on the outcomes of
serious infections (SIs) in patients with rheumatoid
arthritis.
Methods We investigated outcomes of SIs observed in
947 patients enrolled in the German biologics register
RABBIT(Rheumatoid arthritis: observation of biologic
therapy). Outcomes were (1) recovery without
complication, (2) sepsis following SI (≤30 days), and
(3) death after SI without known sepsis (≤90 days). We
applied a multinomial generalised estimating equation
model for longitudinal data to evaluate the risks of
sepsis and death simultaneously.
Results Sepsis within 30 days after SI was reported in
135 out of 947 patients, 85 of these had a fatal
outcome. Fifty-three patients died within 90 days after SI
without known sepsis. The adjusted risk of developing
sepsis increased with age and was higher in patients
with chronic renal disease. Compared with conventional
synthetic (cs)DMARDs, the risk was significantly lower
when patients were exposed to bDMARDs at the time of
SI (OR: 0.56, 95% CI 0.38 to 0.81). Risk factors of fatal
SI were higher age, use of glucocorticoids at higher
doses and heart failure. Patients treated with bDMARDs
and those with better physical function had a
significantly lower mortality risk.
Conclusions These results suggest a beneficial effect
of bDMARDs on the risk of sepsis after SI and the risk of
a fatal outcome. Successful immunosuppression may
prevent an unregulated host response to SI, that is, the
escalation to sepsis. Further investigation is needed to
validate these results.

INTRODUCTION
Sepsis is a major concern in patients with serious
infections (SIs) because it results in a case fatality
rate of 30–50%.1 2 Older patients are particularly
susceptible to sepsis because of hospitalisation,
comorbidity and impaired physical function.3

Growing insights into the biological process of
sepsis led to the improved management of this crit-
ical condition, but lethality remains high.4 Waage
et al5 identified a potential target for the treatment
of sepsis almost three decades ago. They found
increased levels of tumour necrosis factor-α (TNF)
in the serum of patients with sepsis. Tracey et al6

blocked TNF (cachectin) in an experimental study
in baboons and demonstrated clinically relevant

improvements in survival of sepsis. Beutler et al7

first reported a protective effect of immunisation
against cachectin in mice. These promising findings
demonstrated that TNF plays a key role in trigger-
ing sepsis. They prompted a sequence of rando-
mised controlled trials wherein patients with sepsis
were treated with different TNF inhibitors
(TNFi).8–11 Similarly, antagonists of the interleukin
(IL) 1 receptor were targeted. An overview of trials
is given in Remick et al.12 Almost consistently,
none of these trials showed a significant improve-
ment in survival of patients treated with TNFi,
which led to the conclusion that TNF blockade is
not a useful treatment for sepsis. However, in these
studies the biological cascade of sepsis had already
started in all patients and the treatment may have
been administered too late to stop this
process.1 12 13 The importance of the timing of
TNF blockade was also shown in an experimental
study with baboons.6 Of three groups (no TNFi,
TNFi 1 h prior or 2 h prior), only those baboons
that were treated 2 h prior to infection survived.6

This result corresponds with Beutler et al7 who
found that the timing between immunisation and
infection was crucial for survival.
TNFi were established as first biologic disease-

modifying antirheumatic drugs (bDMARDs) in the
routine care of moderate to severe rheumatoid
arthritis (RA) after failure of conventional synthetic
(cs)DMARDs. Other bDMARDs have been
approved since 2006 that target the CD20 antigen
on B lymphocytes (rituximab), suppress T cell acti-
vation (abatacept) or inhibit the binding of IL-6 to
its receptor (tocilizumab). Due to their immuno-
suppressive effect, bDMARDs increase the risk of
SI in patients with RA who are per se at higher risk
of SI due to comorbidities, complications of
disease-related joint surgeries and impaired physical
function.14–19

Notably, none of the above mentioned studies
investigated the outcomes of SI such as (1) recovery
from SI, (2) escalation of SI to sepsis or (3) death.
The present investigation focuses on patients with
RA who acquired SI after enrolment into the
German biologics register RABBIT (Rheumatoid
arthritis: observation of biologic therapy). We
examined the contribution of RA treatment and
patient characteristics to the three different out-
comes of SI using multinomial regression analysis.
We also investigated the overall risk of death within
90 days after the onset of SI.
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STATISTICS AND METHODS
Patients and events of interest
The present study was conducted using data from the German
biologics register RABBIT, which is an ongoing observational
cohort study. Since May 2001, patients with RA have been eli-
gible for enrolment at the start of treatment with a bDMARD
or csDMARD after failure of at least one csDMARD.20 A total
of 12 097 patients were enrolled in RABBIT by 30 October
2013. The focus of this paper is the outcome of SIs. Therefore
947 patients who developed one or more infections that were
classified as serious according to International Council for
Harmonisation of Technical Requirements for Registration of
Pharmaceuticals for Human Use (ICH) definition21 were
included. In the main analysis we excluded 108 SIs in 88
patients with incomplete information on the SI. The main ana-
lysis is therefore based on all separable SIs (n=1017) of 859
patients. Patients were considered to be exposed to a particular
DMARD when the SI occurred during active treatment with
that DMARD, that is, no missed dose before the SI.

Assessments and follow-up
Clinical status was assessed at baseline, months 3 and 6, then
every 6 months for 5–10 years.

Rheumatologists reported DMARD exposure (start and stop
dates, doses), adverse events, disease activity (including compo-
nents of the disease activity score based on a 28-joint-count
(DAS28)) and comorbidities. Patients reported among other
items on physical function using the Hannover Functional
Status Questionnaire (FFbH). Its scores can be transformed to
the Health Assessment Questionnaire values.22 If serious
adverse events were reported the rheumatologist was asked to
provide detailed clinical information including hospital dis-
charge letters.

Adherence to scheduled follow-ups was monitored and inves-
tigations of dropouts or the reasons for the discontinuation of
study participation were performed. This includes inquiries to
local administration offices regarding patients’ vital status and
cause of death. For further details see.20

Objective
The objective was to examine the impact of patients’ clinical
characteristics and RA treatment with TNFi, other bDMARDs,

csDMARDs and glucocorticoids on the risk of developing sepsis
or a fatal outcome of SI. Three approaches were applied.
Approach A (figure 1) investigates the risks of sepsis and death
after SI simultaneously and thus includes validated cases of fatal
and non-fatal sepsis plus all deaths within 90 days after SI. With
this approach we addressed possibly undetected and fatal cases
of sepsis after SI. In approach B, the risk of death due to sepsis
was investigated. The overall risk of death after SI, with and
without sepsis, was addressed in approach C.

Statistical analyses
Model-based analyses
Units of investigation in this analysis were SIs. In approach A
two possible outcomes of SI, sepsis (including death from
sepsis) and mortality without known sepsis, were investigated
simultaneously. These analyses are similar to analyses of compet-
ing risks in survival data.23–25 It was crucial to include overall
mortality in the analysis in order not to miss undetected cases
of sepsis. In approach A (figure 1) we applied a recently intro-
duced generalised estimating equations model for longitudinal
and multinomial responses26 to investigate the risks of sepsis
and death as outcomes of SI simultaneously. This model class
takes dependencies of subsequent SI in one patient into account.
It is implemented in the statistical software R27 28. A similar
approach was applied in time-discrete analyses of competing
risks of hospital-acquired methicillin-resistant Staphylococcus
aureus infections by Barnett et al.29

A generalised estimating equations model with the binary
outcome mortality yes/no was used in approach C. However,
since only two patients developed sepsis twice, in approach B
the analysis was restricted to the last sepsis per patient and mul-
tiple logistic regression was applied.

Sensitivity analyses
The consistency of results was investigated in four different sen-
sitivity analyses. Analysis I comprised the subset of patients with
pneumonia. In a second analysis we aimed to detect the influ-
ence of bDMARD discontinuation and therefore restricted the
group of patients on csDMARD treatment at the time of SI to
those naïve to biologics. The third sensitivity analysis addressed
the impact of incomplete data and uncertain DMARD exposure
and included 108 additional SIs with incomplete information.

Figure 1 Investigation of SI outcomes. Boxes in colour indicate the outcomes of interest and boxes in black indicate the reference population.
Approach A examined the risks of sepsis and death after SI simultaneously; this approach accounts for possibly undetected but fatal cases of sepsis
(see: objectives & methods). Approach B focuses on the mortality risk of sepsis. Overall mortality after SI was examined in approach C. All sensitivity
analyses were applied in the setting of approach A. GEE, generalised estimating equations; SI, serious infection.
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In these patients we assumed that the last known DMARD
exposure during follow-up in RABBIT persisted at the time of
SI. Analysis IV comprises dropouts with no reported events of
sepsis or death and a follow-up of less than 180 days after the
last SI. In this most conservative approach, we assumed that
dropout occurred due to sepsis only for bDMARD-treated
patients and artificially imputed these events to the data.

RESULTS
Serious infection
Among all 1017 SIs with complete information, pneumonia was
most frequent (n=332, 28.4%), followed by 131 infections of
bones and joints (11.2%) and 120 respiratory infections other
than pneumonia (10.3%). The complete spectrum of SIs is
documented online (see online supplementary figures S1 and
S2). We found no differences in the spectrum of SIs after stratifi-
cation into (1) patients with and without subsequent sepsis and

(2) bDMARD versus csDMARD treatment at the time of SI.
137 SIs escalated to sepsis within 30 days (11.7% of all SIs),
two patients developed sepsis twice. The case fatality rate was
63% (85 deaths in 135 patients, figure 1). Out of 859 patients
who did not develop sepsis, 53 died within 90 days following SI
(6.2%).

Patient characteristics
Patients with SI were significantly older, had a longer disease
duration, higher disease activity and more comorbidities at base-
line than patients in the remaining cohort (table 1, p<0.01).
Among patients with SI those who developed sepsis or died due
to SI had significantly poorer clinical characteristics than
patients with no further complications of SI, particularly heart
failure and renal disease were considerably more frequent.

Baseline treatment was similar in patients with SI and the rest
of the cohort. Disease activity (DAS28 and C reactive protein),

Table 1 Characteristics of patients with complete information of SI (n=859) at baseline and at the time of SI, compared with the remaining
cohort and stratified by outcome of SI

Cohort

Patients with SI

SI only SI+sepsis SI+death

At baseline/enrolment

N 11 150 671 135 53

Age (years) 55.7 (12.5) 59.0 (11.6) 63.8 (10.3) 68.2 (7.1)

Sex (female, n (%)) 8610 (77.2) 493 (73.5) 98 (72.6) 34 (64.2)

Symptom onset (years before enrolment) 10.1 (9.1) 12.2 (9.9) 15.1 (11.9) 12.4 (10)

Rheumatoid factor positive, n (%) 8026 (72.3) 527 (78.5) 115 (85.2) 44 (83.0)

CRP (mg/L) 18.7 (26.2) 25.8 (35.4) 31.5 (45.8) 30.0 (35.2)

DAS28 5.2 (1.3) 5.5 (1.3) 5.7 (1.2) 6.1 (1.3)

Comorbidities: heart failure, n (%) 207 (1.9) 39 (5.8) 19 (14.1) 10 (18.9)

Chronic renal disease, n (%) 353 (3.2) 57 (8.5) 25 (18.5) 10 (18.9)

COPD, n (%) 737 (6.6) 107 (16.0) 23 (17.0) 14 (26.4)

Diabetes, n (%) 1024 (9.2) 109 (16.2) 35 (25.9) 15 (28.3)

Smoking (never, n (%)) 4813 (43.2) 290 (43.2) 52 (38.5) 20 (37.7)

No. of previous bDMARDs

0, n (%) 8371 (75.1) 442 (65.9) 91 (67.4) 44 (83)

≥2, n (%) 1250 (11.2) 107 (15.9) 19 (14.1) 3 (5.7)

TNFi, n (%) 5384 (48.3) 356 (53.1) 76 (56.3) 27 (50.9)

Other bDMARDs, n (%) 2203 (19.8) 182 (27.1) 28 (20.7) 8 (15.1)

Glucocorticoids

<5 mg, n (%) 3671 (32.9) 156 (23.3) 30 (22.2) 11 (20.8)

≥10 mg, n (%) 2256 (20.2) 181 (26.8) 34 (25.2) 14 (26.4)

At the time of first serious infection:

Age at SI – 60.8 (11.7) 66.0 (10.1) 70.5 (7.3)

CRP mg/L – 17.4 (26.4) 24.3 (36.9) 17.0 (23.5)

DAS28 – 4.3 (1.5) 4.6 (1.4) 4.6 (1.6)

Comorbidities

Heart failure, n (%) – 46 (6.9) 21 (15.6) 19 (35.8)

Chronic renal disease, n (%) – 68 (10.1) 32 (23.7) 14 (26.4)

TNFi, n (%) – 297 (44.3) 44 (32.6) 14 (26.4)

Other bDMARDs, n (%) – 129 (19.2) 17 (12.6) 3 (5.7)

Glucocorticoids

<5 mg, n (%) – 257 (38.3) 40 (29.6) 16 (30.2)

≥10 mg, n (%) – 100 (14.9) 26 (19.3) 14 (26.4)

Other bDMARD (tocilizumab, rituximab, abatacept). Numbers represent mean (sd) or frequencies (%). Amount of missing data: at baseline most frequent missings were found in CRP
(5.0%) and DAS28 (3.1%), at the last study visit prior to SI the CRP was missing in 8.9%.
COPD, chronic obstructive pulmonary disease; CRP, C reactive protein; DAS28, disease activity score (28 joint count); DMARD, disease-modifying antirheumatic drug; bDMARD; biologic
DMARD; N, number; SI, serious infection; TNFi, tumor necrosis factor-α inhibitors (adalimumab, etanercept, infliximab, golimumab, certolizumab),
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at the last regular time point before the SI, was significantly
reduced compared with baseline. The median time from the last
regular study visit to SI was 3.7 months (IQR: 1.9 to 6.2).
Treatment with bDMARDs was significantly less frequent at the
time of SI than at baseline, especially in patients who developed
sepsis or died after SI (table 1, p<0.01).

We categorised patients according DMARD exposure at the
time of SI to investigate a possible patient channelling between
enrolment and the SI (table 2). We found significant differences
between treatment regimens only for age (p<0.01). Disease
activity, physical function, erythrocyte sedimentation rate (ESR),
CRP and prevalence of heart failure or chronic renal disease did
not vary significantly between groups of DMARDs. Among
patients treated with csDMARDs at the time of SI almost
two-thirds (63.7%) were previously treated with bDMARDs.

In the subpopulation of patients with pneumonia, male
patients were more frequent in the csDMARD and other
bDMARD groups. Further, patients treated with csDMARDs
only were significantly older than those treated with bDMARDs
(p<0.01). Other disease characteristics, for example, DAS28
and physical function, were not different (see online supplemen-
tary table S2).

Risk of sepsis and mortality
The adjusted OR of developing sepsis increased significantly
with age. Risk was higher in patients with chronic renal disease
and lower in patients with better function. The risk was signifi-
cantly reduced when patients were exposed to TNFi or other
bDMARDs at the time of the SI (table 3). Risk of death after SI
was significantly higher in patients with congestive heart failure

and in older patients. Treatment with any class of bDMARDs
and better physical function (FFbH) had significant protective
effects regarding mortality. No significant association with the
risk of sepsis or death was found for sex. Disease activity
(DAS28) was not included in the adjusted model because it was
not associated with sepsis or mortality in the univariate analysis
(see online supplementary table S1). Diabetes was significantly
associated only in the univariate analysis, therefore we excluded
diabetes from the multiple regressions for model sparsity and
included only the strongest predictors, renal disease and heart
failure (see online supplementary table S1). Similar results were
obtained in a subsample of patients with pneumonia (n=298,
see online supplementary table S3).

Discontinuation of bDMARDs and the risk of sepsis
In the analysis above, the sepsis and mortality risks of patients
exposed to bDMARDs at the time of SI were compared with
those unexposed. In this approach we had pooled
bDMARD-naїve patients and those who discontinued
bDMARDs during follow-up. In the following analysis we con-
sidered first SIs only and categorised patients into (A)
biologic-naїve, (B) exposed to bDMARDs and (C) bDMARD
withdrawn prior to first SI. The restriction to first SI was
applied to omit an effect of treatment decisions based on previ-
ous SI.

In bDMARD-naïve patients 133 first SIs were observed, 515
in patients exposed to bDMARDs and 211 in patients who had
discontinued bDMARDs >1 month prior to the first SI. The
latter patients had significantly longer disease duration, lower
physical function, higher disease activity (DAS28) and were
more often affected by heart failure and renal disease than
bDMARD-naїve patients (see online supplementary table S4).
Sepsis occurred in 39 (18.4%) out of 211 SIs which was similar
to biologic-naïve patients (23/133, 17.3%) and more frequent
than in patients exposed to bDMARDs at the time of the first SI
(58/515, 11.3%).

Table 2 Characteristics of patients stratified by the class of DMARD
exposure at the time of SI

TNFi
Other
bDMARDs csDMARDs

No. of SIs 399 174 444

No. of patients 370 159 388

Age at SI (mean (SD), years) 60.7 (11.9) 62.6 (11.0) 64.7 (11.0)

Sex (female, n (%)) 298 (74.7) 123 (70.7) 314 (70.7)

RF positive (n (%)) 335 (84.0) 139 (79.9) 353 (79.5)

Disease duration at SI (mean (SD), years) 14.5 (10.1) 16.5 (10.7) 14.5 (11.2)

CRP (mean (SD)) 16.7 (27.5) 22.3 (33.2) 20.9 (29.3)

DAS28 (mean (SD)) 4.4 (1.5) 4.5 (1.6) 4.4 (1.4)

% of physical function (SD) 56.6 (25.5) 51.0 (24.0) 54.5 (25.9)

Follow-up (years, mean (SD)) 5.2 (2.9) 3.8 (2.1) 4.3 (2.5)

Hospitalisations due to SI* (n (%)) 283 (83.7) 128 (83.1) 275 (82.1)

Selected comorbidities:

Heart failure, n (%) 36 (9.0) 24 (13.8) 44 (9.9)

Chronic renal disease, n (%) 51 (12.8) 23 (13.2) 66 (14.9)

Events of interest

Death (≤90 days) w/o sepsis, n (%) 15 (3.8) 3 (1.7) 35 (7.9)

Sepsis (≤30 days, n) 46 (11.5) 17 (9.8) 74 (16.7)

Death after sepsis, n (%) 20 (43.5) 11 (64.7) 54 (74.0)

No. of patients in DMARD strata exceeds n=859 since patients with >1 SI may
contribute to different treatment episodes (DMARD strata). The median time between
the last study visit and the SI was 3.7 months (first quartile: 1.9 months, third quartile:
6.2 months). *Hospitalisation rates refer to SI which did not escalate to sepsis or death.
bDMARD, biologic DMARD; csDMARD, conventional synthetic DMARD; CRP, C reactive
protein; DAS28, disease activity score (28 joint count); DMARD, disease-modifying
antirheumatic drug; RF, rheumatoid factor; SI, serious infection; TNFi, tumor necrosis
factor-α inhibitor (adalimumab, etanercept, infliximab, golimumab, certolizumab), other
bDMARD (tocilizumab, rituximab, abatacept); w/o, without.

Table 3 Results of the GEE model for longitudinal multinomial
regression on the risks of sepsis (n=137) and death (n=53) after SI
(n=1017)

Sepsis Death

OR 95% CI OR 95% CI

Age (by 10 years) 1.41 1.15 to 1.74 2.47 1.61 to 3.79

Sex (male vs female) 0.99 0.63 to 1.55 1.45 0.74 to 2.83

FFbH (by 10% improvement) 0.92 0.84 to 1.00 0.86 0.76 to 0.98

GC (<5 mg/day=reference) Ref. . Ref. .

GC (5 to <10 mg/day vs ref.) 1.26 0.82 to 1.93 0.93 0.47 to 1.83

GC (≥10 mg/day vs ref.) 1.66 0.96 to 2.88 2.40 1.04 to 5.55

csDMARD Ref. . Ref. .

TNFi 0.64 0.42 to 0.97 0.48 0.24 to 0.95

Other bDMARD 0.45 0.25 to 0.80 0.16 0.05 to 0.54

Heart failure (yes vs no) 1.38 0.74 to 2.56 3.56 1.73 to 7.33

Chronic renal disease (yes vs no) 1.93 1.19 to 3.14 1.51 0.72 to 3.17

The adjusted ORs specify the increase or decrease in the risk of developing the outcome
(sepsis or death).
bDMARD, biologic DMARD; csDMARD, conventional synthetic DMARD; DMARD,
disease-modifying antirheumatic drug; GC, glucocorticoids; GEE, generalised estimating
equation; SI, serious infection; TNFi, tumor necrosis factor-α inhibitor (adalimumab,
etanercept, infliximab, golimumab, certolizumab), other bDMARD (tocilizumab,
rituximab, abatacept). Physical function (FFbH) and doses of GC refer to measurements
of most recent study visit, DMARD exposure is the current exposure at SI. The median
time between the last study visit and the SI was 3.7 months (first quartile: 1.9 months,
third quartile: 6.2 months).
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Adjustment for age, sex, comorbid conditions (heart failure,
renal disease), physical function and glucocorticoid dose by
means of multinomial regression resulted in a similar risk of
sepsis (adjusted OR: 0.97, 95% CI (0.56 to 1.70)) and mortality
(adjusted OR: 0.96, 95% CI (0.42 to 2.17)) for patients who
discontinued bDMARDs prior to first SI compared with
biologic-naїve patients (reference category). The adjusted risks
were significantly lower for patients exposed to bDMARDs at SI
(OR (sepsis): 0.57 (0.34 to 0.97), OR (death): 0.34 (0.15 to

0.80)) compared with biologic-naїve patients (see online supple-
mentary table S5).

Mortality after SI and sepsis
Adjustment in the analyses of mortality after sepsis was
restricted to age, sex, treatment with bDMARDs and comorbid
heart failure because of the low number of fatal outcomes of
sepsis. Treatment with TNFi, but not with other bDMARDs,
was significantly associated with a lower case fatality rate of
sepsis (approach B). All-cause mortality after SI, irrespective of
the development of sepsis, was significantly reduced for the use
of TNFi and other bDMARDs (approach C, table 4).

Sensitivity analyses
ORs of the risk of sepsis and death for exposure to bDMARDs
compared with csDMARDs remained consistently below 1
throughout all four sensitivity analyses (figure 2). The reduction
of the study population in analyses 1 and 2 produced wider CIs
but consistent estimates. Analysis 3, incorporating 108 SIs with
incomplete information, strengthened the results. In the most
conservative analysis 4 we imputed the event of sepsis only to
those 29 out of 50 dropouts who were exposed to bDMARDs
(TNFi: n=17, other bDMARDs: n=12). However, the overall
protective effect of bDMARDs remained significant.

DISCUSSION
This is the first study that investigated simultaneously the risks
of sepsis and mortality as possible outcomes of SIs in patients
with RA. An SI escalated to sepsis or preceded the patient’s
death in one of five patients. Patients with heart failure, renal
disease and at higher age exhibited an increased risk of both
adverse outcomes. Patients who were exposed to bDMARDs at
the time of SI had a significantly reduced risk of developing
sepsis. Similarly, bDMARD treatment significantly lowered the
risk of a fatal outcome of SI. A similar result concerning overall

Table 4 ORs of multiple logistic regression for mortality after sepsis
(85 deaths in 135 patients, approach B) and of a GEE-type regression
model for all-cause mortality (138 deaths in 859 patients, approach C)

Death from sepsis
All-cause mortality
after SI

OR CI OR CI

Age (by 10 years) 1.53 1.04 to 2.26 1.85 1.43 to 2.40

Sex (male vs female) 1.56 0.65 to 3.72 1.40 0.89 to 2.19

FFbH (by 10% improvement) 0.86 0.79 to 0.94

GC (<5 mg/d=reference) . .

GC (5– <10 mg/d vs ref.) 1.08 0.69 to 1.70

GC (≥10 mg/d vs ref.) 1.67 0.95 to 2.96

csDMARDs Ref. . .

TNFα 0.28 0.12 to 0.63 0.34 0.21 to 0.55

Other bDMARD 0.76 0.22 to 2.67 0.27 0.14 to 0.51

Heart failure (yes vs no) 3.25 0.95 to 11.13 2.13 1.19 to 3.81

Chronic renal disease (yes vs no) 1.65 1.00 to 2.73

csDMARD, conventional synthetic DMARD; DMARD, disease-modifying antirheumatic
drug; GC, glucocorticoids; GEE, generalised estimating equations; SI, serious infection;
TNFi, tumor necrosis factor-α inhibitor (adalimumab, etanercept, infliximab, golimumab,
certolizumab), other bDMARD (tocilizumab, rituximab, abatacept). Physical function
(FFbH) and doses of GC refer to measurements of most recent study visit, DMARD
exposure is the current exposure at SI. The median time between the last study visit
and the SI was 3.7 months (first quartile: 1.9 months, third quartile: 6.2 months).

Figure 2 Results of sensitivity analyses show ORs and respective confidence intervals of TNFi vs. csDMARDs and other bDMARDs vs. csDMARDs.
Approach [1]: analysis in a subsample of patients with pneumonia, approach [2]: patients at csDMARD treatment were restricted to biologic naïve
patients; approach [3]: 108 infections with unknown date and exposure were included, the last known DMARD exposure was ‘carried forward’ to
the respective event of sepsis (n=47) or death (n=19), in approach [4] we assumed in a most conservative manner that all patients who dropped
out but were previously treated with bDMARDs had a sepsis (n=29). bDMARD, biologic DMARD; csDMARD, conventional synthetic DMARD;
DMARD, disease-modifying antirheumatic drug; TNFi, tumour necrosis factor α inhibitors.
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mortality after SI was made by Galloway et al30 with data from
the British Society of Rheumatology: Biologics Register
(BSRBR); they found for TNFi versus csDMARD an adjusted
OR of 0.50 (95% CI (0.3 to 0.8)). We also found that mortality
after sepsis was significantly lower when patients were exposed
to bDMARDs at the time of SI. These findings are consistent
with experimental studies in animals6 7 which suggest that TNFi
effectively prevents sepsis.

A secondary but important result of this study addresses the
impact of discontinuing bDMARD treatment on the risk of
sepsis and death after SI. It is common knowledge that initiation
of bDMARD therapy increases the risk of SI.14–19 Further, dis-
continuation of bDMARDs is supposed to decrease the risk of
SI. Regarding the risks of sepsis or death after SI our results
suggest a different mechanism: adverse outcomes of SI (sepsis
and death) were more likely in biologic-naïve patients than in
patients exposed to bDMARDs at the time of SI (see online sup-
plementary table S5, Sensitivity analysis 2) which could indicate
a protective effect of bDMARDs. This double-edged effect of
bDMARDs has been described very recently as the ‘dual’ role of
TNFi regarding septic arthritis.31 The authors referred to an
experimental study which showed protective effects of TNFi
against septic arthritis.32 In our study the protective effect
receded when bDMARDs were discontinued: the risk of devel-
oping sepsis or of dying after SI was similar in patients who had
discontinued bDMARDs at least 30 days before the SI and in
biologic-naїve patients (see online supplementary table S5).

We performed four sensitivity analyses to test the robustness
of the results. The most conservative, or worst-case scenario,
which assumed that all bDMARD-treated patients with insuffi-
cient follow-up had developed sepsis (Sensitivity analysis 4,
figure 2) did not reveal diverging results.

A strength of our study is the simultaneous investigation of
sepsis and mortality after SI. This approach prevented the omis-
sion of cases which died from undetected sepsis. Furthermore,
we adjusted for possible imbalances between DMARD groups in
all analyses (age, sex and important risk factors).

There are possible shortcomings of our study. We have found a
similar spectrum of SIs across bDMARDs and csDMARDs (see
online supplementary figure S2), but a residual chance remains
that subtypes of SI are differentially distributed. To minimise this
bias we performed a subanalysis of patients with pneumonia
which showed consistent results. However, our data do not com-
prise sufficient pathogen classification to investigate bacterial
pneumonia and viral pneumonia separately. Additionally, the
numbers of patients and events did not permit discrimination
between effects of particular bDMARDs.

Another uncertainty rests with the complexity of the clinical
course, the symptoms and the severity of SI and sepsis. There
could be a suspicion bias, meaning that patients treated with
bDMARDs who develop an SI could be hospitalised faster than
those on csDMARDs. This would lead to earlier detection and
treatment and thus better outcome of sepsis. We have no indica-
tion of such bias since the hospitalisation rates and the spectrum
of SIs were equal among the treatment groups. In addition, in
RABBIT all diagnoses and serious adverse events are validated
and classified by the study physician in a blinded manner, that
is, unaware of the DMARD exposure of the respective patient.

In conclusion, this study suggests that patients exposed to
bDMARDs at the time of SI have a reduced risk of sepsis and
mortality. The effective immunosuppression via bDMARDs may
prevent an unregulated host response to SI and the development
of sepsis. Discontinuation of bDMARDs seems to shift the risk
from an increased susceptibility to SI to more severe outcomes.

Nonetheless, we cannot conclude from our study that
bDMARDs should be continued in case of an SI since this is the
first study showing these results. They have to be confirmed by
other studies before any clinical consequences can be drawn.
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