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Abstract
Objective—The study aims to examine the threshold in disease activity associated with
switching biologic treatment regimens in RA patients in real-world clinical practice.

Methods—Using data from a prospective observational North American cohort of RA patients
through 12/30/2009, patients who initiated a new anti-TNF agent with ≥ 6 months of follow-up
were identified. Patients were classified as switchers or maintainers depending on whether they
continued their anti-TNF treatment or switched (including discontinuation) within 12 months.
Level of disease activity measured by CDAI and DAS28 at time of switch (corresponding follow-
up visit for maintainers) was examined and random effect multivariable logistic regression was
used to adjust for covariates.

Results—Mean age and RA duration among 1,549 eligible patients were 56.1 and 9.6 years,
80% were women, 62% were initiating their 1st biologic and 30% 2nd. At time of switch, the
median DAS28 and CDAI were 3.1 and 8.4 among maintainers, and 4.0 and 15.2 among
switchers. Maintainers also experienced a greater amount of reduction in disease activity
compared with switchers (CDAI: −7.7 vs. −2.3; DAS28: −1.1 vs. −0.3). The threshold to switch
decreased over calendar time, with the greatest amount of reduction observed among patients with
moderate disease activity.
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Conclusion—On average, physicians and patients were willing to continue biologic treatment
for patients who are at or near low disease activity. The threshold to switch decreased over time,
especially among partial responders.
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Introduction
Tumor necrosis factor α inhibitors (anti-TNF therapies) and other biologic agents represent a
significant advance in the treatment of patients with rheumatoid arthritis (RA). In clinical
trials, these agents have been shown to reduce joint inflammation and radiographic damage
and to produce clinical response in up to 70–80% of RA patients (1). Additionally, based
upon available data, a number of trials and observational studies have suggested that among
those who failed to respond to the first or second anti-TNF agent, switching to yet another
anti-TNF agent or a biologic agent with a different mechanism of action may result in an
improved clinical response without an apparent increase in the risk of adverse events/
toxicity (2–10).

Despite the favorable profile of anti-TNF agents and other biologics, considerable
proportions of patients may discontinue their initial treatment and/or switch to a different
agent due to a number of reasons. Within one year of treatment initiation, up to 30% of RA
patients discontinue their treatment, and the percentage increases to up to 50% at two years
(4, 7, 11–13). The most common reasons for switching are lack of efficacy and adverse
event/toxicity; together they account for over 80% of all such cases (4, 7, 12, 14).

Currently, the absence of a well-accepted threshold for “lack of efficacy” presents a major
gap in the evidence base to help clinicians to decide whether or not to change therapy,
although some data and recommendations exist. For example, the BeSt study, a randomized
trial mandated adjustment of treatment if the target of DAS44 ≤ 2.4 was not met (15). A task
force of rheumatologists conducted a systematic literature review of treat to target (T2T)
studies and recommended remission as an optimal treatment target, but it acknowledged that
low disease activity was a reasonable target for patients with long-standing RA. The task
force also acknowledged that other factors, such as co-morbidities, may impact target
disease activity, and that individualized treatment plans remain important (16). Despite the
data and the recent recommendations described above, understanding the current practices
of rheumatologists in their threshold for switching remains an evidence gap that is
particularly important in light of growing interest in quantifying disease activity and
adopting T2T strategies which mandate treatment acceleration if a pre-defined level of
disease activity has not been reached (17). The key issue is that if the level of disease
activity for a T2T protocol is lower than the usual threshold for clinicians and patients to
switch patients’ biologic treatments, physicians may find such T2T protocols unacceptable.

In addition to levels of disease activity, other factors also play a role in the decision making
process. Yazici and colleagues showed that that the median durations of etanercept and
infliximab treatment decreased from 454 days to 237 days once adalimumab became
available in the US (13). Likewise, an inverse association between time on treatment and
calendar year of treatment initiation was observed based on data from a population-based
RA registry containing over 2,300 courses of anti-TNF treatment (11). The observation of
increased switching among biologic agents suggests that the threshold to switch may have
lowered over time, a temporal trend that has not been examined in these studies.
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We used data from a large North American cohort of RA patients to assess the level of
disease activity associated with switching the biologic treatment regimen and to evaluate the
impact of calendar time on the threshold in disease activity to switch. In addition, we
explored factors associated with continuing the biologic treatment regimen despite a sub-
optimal treatment response.

Patients and Methods
Study Population

Study participants consisted of RA patients enrolled in the Consortium of Rheumatology
Researchers of North America (CORRONA) Registry from 10/01/2001 to 12/30/2009.
Details of the CORRONA registry have been published previously (18, 19). Briefly, RA
patients satisfying the 1987 ACR diagnosis criteria were enrolled from academic and
community rheumatology practices. Data from both physicians and patients were
prospectively collected at enrollment and follow-up clinical encounters at approximately 3–
4 months intervals; at each visit, common measures of RA disease activity, functional status,
and use of RA medications were collected. When changes in treatment were made,
physicians were encouraged but not mandated to report the reason (e.g. lack of efficacy,
adverse event). All subjects gave written informed consent. The study protocol was
approved both by central and local Institutional Review Boards.

Patients who started a new anti-TNF agent and had at least one follow-up visit within one
year of treatment initiation were eligible to be included in this analysis. A ‘new’ anti-TNF
treatment episode required that they had not previously been on that particular anti-TNF
agent but did not necessarily mean that they were biologic naïve. Patients could contribute
more than one treatment episode if they sequentially initiated different anti-TNF agents. The
visit at which treatment initiation was recorded was considered the “index” visit and
baseline covariates of interest were assessed at that visit.

Because response to treatment consists of two components: absolute disease activity and the
amount of reduction in disease activity since treatment initiation, we defined patients with
‘sub-optimal clinical response’ as those whose CDAI at time of follow-up visit was > 10
(moderate disease activity) and who did not have at least a 10 point improvement in their
CDAI compared to baseline, using validated cut points to measure treatment response (20,
21). Among these patients who had neither achieved low disease activity nor had a
substantial improvement in their disease activity, we explored factors associated with
maintaining (vs. switching) their anti-TNF treatment regimen.

Outcomes of interest
The outcome of the study was whether a patient switched the biologic treatment regimen
within 1–6, and 6–12 months after initiation. In the main analysis, switching included either
discontinuation of the anti-TNF agent and/or changing to a different biologic agent for
reasons other than safety/tolerability. Outcome was evaluated for the two time periods
separately: patients who switched were classified as early switchers (switched within 6
months) or late switchers (switched between 6 and 12 months) and patients who continued
on the initial anti-TNF agents during the 6 and 12 month time periods were classified as
maintainers. Thus, a patient may contribute two treatment episodes (e.g., maintainer for the
< 6 months period and the 6–12 months period; maintainer for the < 6 months period and
switcher for the 6–12 months period). For patients with multiple visits within 1–6, and 6–12
months after initiation (most of the eligible patients), the latest visit in each time frame was
used. Because the observations were not independent, the statistical analyses accounted for
the clustered nature of the data. Treatment episodes for patients who discontinued and/or
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changed biologic therapies for reasons of safety/tolerability were excluded from this analysis
because switching for these reasons would likely be less discretionary.

Covariates
Covariates of interest included age, body mass index (BMI), RA disease duration, number of
prior disease modifying anti-rheumatic drugs (DMARDs), measures of RA disease activity
including Clinical Disease Activity Index (CDAI)(21), disease activity score (DAS28),
comorbidities (dichotomized variable: if the patients had at least one of the medical
conditions specified in table 4), physician global assessment of disease activity (100 mm
visual analog scale), and laboratory tests (C-Reactive Protein, CRP; erythrocyte
sedimentation rate, ESR). Since laboratory data were not required to be collected within
CORRONA and were present for only approximately 50% of all visits represented in this
analysis, results for CRP, ESR, and the DAS28 reflect only the observations for which these
data were available. The ratio of swollen joint count to tender joint count (SJC/TJC) was
calculated, and patients were categorized into two groups (SJC/TJC < 0.4 or ≥ 0.4) (22). If
TJC was 0, the ratio was assigned the value of 1. Calendar year was grouped to reflect the
availability of new biologic agents as follows: 2002–2005 (etanercept, infliximab,
adalimumab available), 2006–2007 (abatacept and rituximab available) and 2008–2009
(golimumab and certolizumab available).

Statistical Analysis
For each calendar year, the point prevalence of biologic agent use on April 1st and October
1st, and the average CDAI at time of switching, were calculated. We then compared the
descriptive statistics of covariates of interest at baseline visit (the index visit) and the follow-
up visit when the patients were categorized as a ‘maintainer’ or a ‘switcher’. The same
descriptive statistics were calculated in patient sub-groups stratified by disease duration (2
years or less versus more than 2 years) and disease activity level measured by CDAI at
baseline: Low (CDAI < 10), Medium (10≤CDAI<22), High (CDAI≥22) (20).

Random effect logistic regression was used to model the multivariable association between
CDAI at follow-up visit, change in CDAI since treatment initiation, calendar year, previous
anti-TNF agent use, age at RA onset, number of prior non-biologic DMARDs, BMI, and
time to switch (1–6 months, or 6–12 months) with switching (vs. maintaining) biologic
treatment regimen. Physician preference was estimated by assessing the extent to which
switching clustered at the physician level. To examine the interaction between calendar year
of treatment initiation and the threshold to switch, a separate multivariable random effect
logistic regression model was built consisting solely of calendar year, disease activity
(patients with moderate disease activity (10≤CDAI<22) versus patients with high or low
disease activity), and the interaction term between the two. Finally, random effect logistic
regression was used to model the multivariable association between CDAI, MD global, SJC/
TJC, and calendar year at follow-up visit with switching (vs. maintaining) biologic treatment
regiment among the subgroup of patients with a sub-optimal response (CDAI > 10 and
change in CDAI < 10). Standard errors were adjusted appropriately to account for the
clustered nature of the data.

Sensitivity analysis
Because reporting a reason for switching was optional, a sensitivity analysis was performed
that included only patients who switched explicitly for the reason of lack of efficacy,
designated by the treating physician. Also, because results might differ for patients
switching to a new biologic versus simply discontinuing the previous biologic, a second
sensitivity analysis was performed that defined switching only as changing to a new agent;
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discontinuations where the patient did not initiate a new biologic within 1 year of starting
the previous biologic were excluded.

Results
Based on CORRONA data through 12/30/2009, a total of 22,966 RA patients were enrolled
with 136,738 visits accrued. Overall, the prevalence of biologic agent use within
CORRONA increased from 40% in 2003 to 62% in 2009 (Figure 1). When subjects were
categorized based on whether they are on their 1st, 2nd, 3rd or more biologic agents, the
greatest amount of increase in the prevalence was observed among subjects receiving their
2nd–7th biologic agents. The level of disease activity at which patients switched gradually
decreased over time (Figure 2). In 2008 – 2009, patients who switched had a median CDAI
between 10 and 15, slightly above the CDAI threshold for low disease activity.

We identified 3,351 RA patients who initiated a new anti-TNF agent, and after applying the
inclusion and exclusion criteria, 1,549 patients were eligible and they contributed 2,302
treatment episodes that were included in this analysis. Among these patients, 1,247
continued on the same treatment and 302 discontinued and/or switched to a different
biologic agent within one year. Most (62%) of these patients were on their first anti-TNF
treatment, 30% were on the second anti-TNF treatment, and 8% were on the third. At the
time of treatment initiation, the average age was 56.1 (standard deviation, 12.9) and 80%
were women.

At the follow-up visit within one year, maintainers had lower disease activity compared to
switchers (median CDAI 8.4 vs. 15.2; mean DAS28 3.1 vs. 4.0) (Table 1). Maintainers also
experienced a greater amount of improvement (reduction) in disease activity since treatment
initiation (median change in CDAI −7.7 vs. −2.3, median change in DAS28 −1.1 vs. −0.3).
Significant differences were also observed in tender and swollen joint counts, patient and
physician global, pain, and mHAQ. On average, maintainers used a greater number of prior
DMARDS compared to switchers. None of the laboratory measures (i.e. CRP and ESR)
were significantly different between maintainers and switchers (Table 1).

Stratifying patients by their baseline level of disease activity and RA disease duration,
descriptive statistics measured at the follow-up visit suggested that the level of disease
activity and the amount of improvement acceptable enough to continue patients on biologic
treatment regimen was dependent on patients’ initial disease activity (Table 2). For example,
for patients with disease duration ≥ 2 years, the median change in CDAI measured at the
follow-up visit for patients who switched was 1.7 units (i.e. slight worsening), −1.3 units
(slight improvement), and −9.6 units (some improvement) for those who started in low,
moderate, and high baseline disease activity, respectively. Among those who remained on
therapy, the median change in CDAI at the corresponding visits were −1.9, −7.1, and −20.0
units, respectively, demonstrating that physicians required differing levels of response in
order to continue patients on therapy, conditional on where the patient started. Similar trends
were observed with respect to patient and physician global and pain. Results were similar for
those with RA disease duration < 2 years (data not shown).

After controlling for both the level of disease activity and the amount of improvement from
baseline, calendar year was significantly associated with switching (Table 3). Compared to
patients who initiated anti-TNF treatment between 2002 and 2005, the likelihood of
switching was more than two folder greater in 2005–2006 (odds ratio [OR] = 2.62, 95% CI
1.64–4.19); this effect was even greater in 2008–2009 (OR = 6.05, 95% CI 3.72–9.86).
There was a significant clustering effect by physician in the decision to switch (OR=1.32,
95%CI 1.16–1.95). Additionally, a significant interaction between calendar year at treatment
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initiation and disease activity was observed: the likelihood to switch among patients with
moderate disease activity (CDAI between 10 and 22) was greater over calendar time
compared to those with low or high disease activity (OR = 2.4, 95% CI 1.0 – 6.0).

To examine whether the observed association between calendar time and switching
biologics may be explained by changing patient characteristics over time, we have compared
baseline patient characteristics across the three cohorts of patients including age, age at RA
onset, disease duration, mHAQ, DAS28, CDAI, patient and physician global, and
glucocorticoid use. The distributions of these characteristics were comparable (data not
shown).

The sensitivity analysis that restricted the study population to only those who switched for
physician designated reasons of lack of efficacy yielded a similar effect of calendar year
(data not shown). The interaction between moderate disease activity and calendar year at
treatment initiation was likewise stronger (OR=3.4, 95% CI 1.1 – 10.2). When those did not
initiate another biologic agent after discontinuing the initial anti-TNF agent were excluded,
the results were consistent with those from the main analysis, and the interaction between
calendar time and moderate disease activity was similar (OR=5.7, 95% CI 1.1 – 30.4).

We identified a subgroup of 667 treatment episodes (159 switched and 508 maintained
therapy) with sub-optimal response to their anti-TNF treatment (CDAI > 10 and change in
CDAI > −10). After adjusting for comorbidities, level of disease activity, and calendar year,
patients with a SJC/TJC ratio < 0.4 and higher (better) physician global were more likely to
be maintained on the same therapy (Table 4).

Discussion
We found that within one year of starting new anti-TNF therapy, patients who were
continued on their initial anti-TNF treatment regimen had, on average, 3–4 tender/swollen
joints, a median DAS28 of 3.1, and a median CDAI of 8.4. The results suggest that in this
large, North American RA cohort, a disease state close to low disease activity is considered
‘good enough’ to continue anti-TNF therapy. Additionally, the results of our study support
the hypothesis that, in addition to level of disease activity and the amount of improvement
since treatment initiation, more recent calendar time is strongly and significantly associated
with a three to six-fold increase in the likelihood to switch among biologic agents. We found
a significant clustering effect at physician level, suggesting that physicians have quantifiable
differences in their proclivity to switch patients. Finally, we observed that among partial
responders, physician perception of disease activity, as measured by physician global and
the SJC/TJC ratio, played a role in the decision to switch, independent of the measurement
of disease activity quantified by the CDAI.

The amount residual RA disease activity that is sufficient to continue therapy in our study is
similar to that from a cross-sectional survey of over 200 RA patients that found that a
DAS28 of 3.5 was satisfactory enough to stay on their current treatment regimen (23). The
threshold for switching in our study is higher than those mandated in T2T studies and
proposed by the task force, suggesting that a singular, non-flexible target for T2T guidelines
regardless of individual patient characteristics, e.g., level of disease activity at treatment
initiation, may not be feasible or widely accepted in routine practice. As we have
hypothesized, the threshold in disease activity at time of switch, rather than staying static,
has lowered over calendar years. Perhaps most important is the finding of a significant
interaction between disease activity and calendar year; we found that the effect of calendar
time was greater for those with moderate disease activity compared with those with low or
high disease activity at time of switch, suggesting that the availability and penetration of
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newer biologic agents makes the greatest impact on the treatment of these patients for whom
the threshold to switch is perhaps more subjective.

The finding that calendar time was significantly associated with switching is consistent with
those reported in two separate studies that the time patients stayed on their anti-TNF agents
became shorter over time (11, 13). Although discordant results have reported that no
difference in one year drug survival rate and threshold to switch was observed over time,
those findings may not be comparable to ours because they looked at an earlier and shorter
calendar time (Hyrich et al, 2002–2005; Gomez-Reino et al., 2000–2003) while our study
data spanned a longer and more recent time period where the number of alternative biologic
agents was greater (7, 12). This discrepancy suggests a fast-changing pattern in the
utilization of biologic agents among RA patients and that in future studies examining
biologic agent use, the time frame should be clearly defined and calendar time adjusted for.

We observed a significant clustering effect by physician associated with switching,
consistent with the idea that there are individual physician-specific factors that affect
treatment choices. Physician preference to switch may be one of these factors. Other
physician or practice-associated factors may also contribute to this effect (e.g. insurance
status, formulary status of particular biologics, case mix of the physician’s RA patients).
This ‘natural variability’ allows for examination of outcomes associated with switching vs.
maintaining in future comparative effectiveness research analyses.

Previous data from a large population-based RA cohort showed that a sizable proportion of
RA patients were maintained on the same treatment despite sub-optimal treatment response
(3). We observed the same finding; among 667 treatment episodes with sub-optimal
response, 508 were not changed to a new therapy. A higher (better) physician global, and a
SJC/TJC ratio < 0.4 were significantly associated with not switching. These two measures
are helpful in as much as they may assist in identifying limitations of the CDAI, which in
certain patients may be influenced (through the patient global score) by factors other than
RA (e.g. low back pain, fibromyalgia). A low SJC/TJC ratio has been suggested to reflect a
discrepancy between a low level of disease activity perceived by the physician and a higher
level of disease activity perceived by the patient that may be influenced by chronic pain
syndromes (22). Even after multivariable adjustment for CDAI and other covariates, an SJC/
TJC ratio of < 0.4 was associated with maintaining therapy among patients who continued to
have moderate or high disease activity and had not had a substantial improvement measured
by CDAI.

Among this subgroup of patients, it is possible that other factors that we did not assess may
contribute to a reluctance to switch. For example, Wolfe and colleagues found that many RA
patients were satisfied with their treatment despite continued moderate disease activity (24).
Another limitation of our study is that we did not have the physician-designated reason for
treatment switching for all treatment episodes, as this question was optional and only started
being collected in 2007. To address this issue, we conducted sensitivity analysis including
only those who switched with a physician-designated reason related to lack of efficacy. The
results from the sensitivity analysis were similar to those from the main analysis.
Additionally, our findings were further supported by similar results from the sensitivity
analysis in which switching referred to only when the patient changed to a different biologic.
Another limitation is that our results may not be generalizable to patient populations outside
the United States, e.g., countries that do not allow for biologic treatment for RA patients
with low or moderate disease activity or where other restrictions (e.g. insurance) strongly
affect biologic use.
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Our study has a number of strengths. We used data collected through the end of 2009 and
therefore were able to study the treatment patterns in recent years. Anti-TNF agents and
other biologics in general are quickly evolving to more ubiquitous use, and patients who fail
to respond to anti-TNF agents now have a number of alternatives to try. Additionally, the
CORRONA cohort collects data at routine clinical encounters from large number of
physicians and patients drawn from both community and academic practices and has few
inclusion criteria other than established RA. Therefore, the data represents diverse patient
populations and treatment patterns from many practices in the U.S.

In conclusion, the results of our study suggest that low disease activity is a sufficient target
for most clinicians and patients to be satisfied enough to continue biologic therapy.
Moreover, we observed increased switching and likely a lowered threshold to switch in
recent years. This temporal trend is significantly more pronounced among those with
moderate disease activity, which account for a large proportion of all RA patients (25). The
discrepancy between levels of disease activity as measured and perceived by physicians and
patients may partially explain why treatment was not accelerated in patients with a
seemingly sub-optimal treatment response measured by the CDAI. Additional research is
needed to determine the optimal level of disease activity above which switching is justified,
and the best sequence of biologic agents to use in order to achieve favorable long-term
outcomes. Finally, given large disparities in the access and rate of utilization of biologic
agents throughout the world, it is likely that observational data from country-specific
registries will be needed to characterize and generate data useful to inform more optimal
switching regimens (26).
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Significance and Innovation

• We found that in real world clinical practice, the treatment goal was at or near
low disease activity that within one year of starting new anti-TNF therapy,
patients who were continued on their initial anti-TNF treatment regimen had a
median DAS28 of 3.1 and a media CDAI of 8.4.

• We found that the threshold in disease activity to switch from one anti-TNF
agent to another biologic agent has lowered over calendar time and that the
likelihood to switch has increased 3–6 fold, especially among patients who
continued to have moderate disease activity measured by CDAI despite
treatment with an anti-TNF agent.

• We found a significant clustering effect at physician level with regard to
switching.

• We found that a low swollen joint count/tender joint count ratio and better
physician global was associated with maintaining therapy among patients who
continued to have moderate to high levels of disease activity measured by CDAI
despite treatment with an anti-TNF agent.
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Figure 1.
Prevalence of biologic agent use in a large North American cohort of RA patients by
calendar year and history of previous biologic agent use
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Figure 2.
Level of disease activity* at which RA patients switched their biologic treatment regimen,
by calendar year
* measured by the clinical disease activity index (CDAI); the thresholds for low, moderate,
and high disease activity for CDAI are <= 10, between 10 and 22, and >= 22
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Table 3

Multivariable Adjusted Association between Absolute Disease Activity, Change in Disease Activity, and
Calendar Time with Switching the Biologic Treatment Regimen within the first year (A total of 2,070
treatment episodes; 272 switched and 1,798 maintained treatment)

Covariates* Odds Ratio and 95% Confidence Interval

Disease Activity (measured as Clinical

Disease Activity Index, or CDAI)

 < 10 (mild) Referent

 10 – 22 (moderate) 1.94 (1.36 – 2.75)

 ≥ 22 (high) 3.39 (2.27 – 5.06)

Improvement in Disease Activity (change in CDAI from baseline) 1.02 (1.01–1.04)

Calendar Year

 02 – 05 Referent

 06 – 07 2.62 (1.64 – 4.19)

 08 – 09 6.05 (3.72 – 9.86)

Number of Previous Anti-TNF agents used

 0 Referent

 1 or more 1.43 (1.08–1.89)

Timing of the follow-up visit

 ≤ 6 months Referent

 6–12 months 1.26 (0.93–1.69)

*
measured at the visit where the patient either switched or was maintained on therapy

‡
There was a significant clustering effect at physician level in the decision to switch (OR=1.32, 95% CI 1.16–1.95)
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Table 4

Multivariable adjusted association between CDAI, MD global, SJC/TJC, and calendar year at follow-up visit
with switching (vs. maintaining) biologic treatment regiment among patients with a sub-optimal response‡ (n
total = 648, 140 switched and 508 maintained treatment)

Covariates* Odds Ratio and 95% Confidence Interval

MD Global (rescaled, in unit of 5 points)† 0.93 (0.88 – 0.99)

SJC/TJC ratio

 ≥ 0.4 Referent

 < 0.4 0.56 (0.33 – 0.96)

CDAI (in unit of 10 points) 1.02 (1.00 – 1.04)

Calendar Year (grouped to reflect the availability of newer biologics)

 02 – 05 Referent

 06 – 07 3.11 (1.70 – 5.68)

 08 – 09 6.29 (3.54 – 11.18)

Comorbidities§

 No Referent

 Yes 1.32 (0.87 – 2.00)

‡
Patients with sub-optimal response were defined as patients whose CDAI at time of switch was > 10 and reduction in CDAI since treatment

initiation was < 10.

*
measured at the visit where the patient either switched or was maintained on therapy

†
Scaled from 0 to 100, with higher numbers representing better disease control

§
comorbidities evaluated included: hypertension, unstable angina/MI/CAD procedure, congestive heart failure, stroke/TIA, cancer, ulcer/GERD/

dyspepsia, liver disorder, depression/psychiatric disorder, pulmonary fibrosis/asthma/COPD, diabetes, DVT, elevated creatinine, psoriasis (not
arthritis), anemia/hematologic disorder.
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