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Abstract

Introduction Dose escalation of infliximab in both primary and secondary nonresponders is widely reported; however, the
usefulness of dose escalation has been disputed. The objective of this analysis is to evaluate trends in clinical efficacy following
multiple infliximab dose escalations in patients with theumatoid arthritis (RA).

Methods Patients enrolled in a US RA registry were included if they initiated infliximab at 3 mg/kg every 8 weeks, received > 1
infliximab dose escalation within 12 months of initiation, and had > 1 visit following dose escalation. Trends in mean Clinical
Disease Activity Index (CDAI) and Health Assessment Questionnaire (HAQ) scores from visits following dose escalations were
evaluated.

Results In patients who received 2 or 3 dose escalations, the initial (1 or 2) dose escalations resulted in reduced mean CDAI
scores, but subsequent escalations did not further reduce disease activity. In patients who received >4 dose escalations, mean
CDAI scores did not further reduce disease activity over time. Mean HAQ scores were stable over time in patients who received 2
or 3 dose escalations. In patients who received >4 dose escalations, mean HAQ scores decreased following 1 dose escalation but
progressively increased following subsequent dose escalations.

Conclusion Initial dose escalations (from 3 mg/kg to the equivalent of approximately 5 to 7 mg/kg) may be useful in controlling
disease activity; however, there may be diminishing clinical benefit of further escalations, which can also increase the potential
risk for infection and increase incremental drug costs.

Key Points
e Initial infliximab dose escalations (I to 2) may be useful in lowering disease activity in patients with rheumatoid arthritis.
* There does not appear to be a clinical benefit in infliximab dose escalations above the equivalent of 5 to 7 mg/kg.
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In the event of an inadequate response, the prescribing infor-
mation also allows for dosing up to 10 mg/kg or as often as
every 4 weeks [4]. Patients with RA can fail to adequately
respond to TNF inhibitors as primary nonresponders or sec-
ondary nonresponders after initial benefit [5, 6]. Observational
studies have demonstrated that the mean dose of infliximab
used in the clinic is approximately 5 to 5.5 mg/kg normalized
to dosing every 8 weeks [7, §].

Although dose escalation of infliximab in nonresponders is
widely reported [3, 9—13], the usefulness of dose escalation
has been disputed [12]. There is a lack of strong evidence that
dose escalation (either by increased dose or by increased fre-
quency of dose) improves clinical outcome in RA [5, 12—-14].
The efficacy of dose escalations in real-world populations has
been previously debated [3]. The efficacy of dose escalation is
an important question because dose escalation may result in
increased treatment cost and increase the risk of serious infec-
tion [12, 15].

To determine if infliximab dose escalation leads to progres-
sive lowering of disease activity and an improvement in func-
tional activity, we evaluated the trend in disease activity across
infliximab dose escalations in patients with RA enrolled in the
US Corrona RA registry.

Materials and methods

Patients All patients included in this study were identified
from the US Corrona RA registry, an independent, prospec-
tive, observational cohort of patients with RA. Patients are
recruited from 170 private and academic practice sites in the
US, with 670 practicing rheumatologists. As of 02 January
2017, data have been collected on 44,532 patients with RA
from 337,554 individual patient visits, representing 152,214
person-years of follow-up time. The mean duration of follow-
up is 4.22 years (median, 3.46 years).

The population for this analysis included patients enrolled
in the registry on or after 01 January 2007 who had a diagnosis
of RA and were > 18 years of age at the time of infliximab
initiation. Patients had to have initiated infliximab at an initial
dose of 3 mg/kg every 8 weeks and had at least 1 dose esca-
lation in the first 12 months and at least 1 follow-up visit after
the first dose escalation. Dose escalation was defined as an
increase of > 1 mg/kg in dose and/or an increase in the fre-
quency of infusion by > 1 week. We standardized all doses to
milligrams per kilogram every 8 weeks to make all doses and
frequencies comparable. For example, a dose escalation from
3 mg/kg every 8 weeks to 3 mg/kg every 6 weeks was stan-
dardized to 4 mg/kg every 8 weeks. Follow-up included all
follow-up visits in the Corrona database until the last follow-
up visit recorded in the Corrona database or until it was re-
corded that the patient discontinued infliximab.
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Data collection Data in the US Corrona RA registry, including
demographics, disease status, Clinical Disease Activity Index
(CDAI) and Health Assessment Questionnaire (HAQ) scores,
prior medication use categories (biologics, DMARDs, predni-
sone), and medical comorbidity history, are collected through
patient and physician questionnaires at routine clinical visits
that occur every 4 to 6 months (median, 5 months). Dose is
reported on the physician questionnaire as milligrams per ki-
logram or as the number of vials infused. If the number of
vials was recorded, dose was calculated based on weight
(number of vials x 100 mg/weight in kilograms). For the pur-
poses of quantifying dose escalation, dose was rounded to the
nearest integer and normalized to milligrams per kilogram
every 8 weeks. Nonstandard doses (e.g., outside the 3—10-
mg/kg dose range or outside a frequency of 4 to 8 weeks) were
not considered (i.e., set to missing). If a dose was missing, the
last dose carried forward was used.

Outcomes Outcomes included the estimated trend in mean
disease activity, based on CDAI scores, and functionality,
based on HAQ scores [16—18], summarized over time and
scaled to the number of dose escalations (scores at visits be-
tween escalations were scaled to the proportion of time be-
tween escalations).

Statistical analyses The association of disease activity and
functionality (measured by CDAI and HAQ scores, respec-
tively) with infliximab dose escalation was evaluated using a
modified time scale to align instances of dose escalation.
Initiation of infliximab was considered time 0 (baseline), the
first dose escalation was time 1, the second dose escalation
was time 2, and so on; this convention continued similarly
through all dose escalations. Visits occurring between dose
escalations were measured as a proportion of time between
dose escalations (or between initiation and first dose escala-
tion). Rather than use the usual time scale for plotting mean
CDAI and HAQ scores by month, a time scale that aligns
instances of dose escalation was used. Mean CDAI and
HAQ scores were estimated for each dose escalation time
point.

The association of CDAI score with the actual infliximab
dose across all visits for all patients with a dose escalation was
also evaluated by plotting CDAI versus infliximab dose. The
CDAI score for each patient was plotted versus the infliximab
initiation dose (3 mg/kg every 8 weeks) and then versus the
normalized infliximab dose at all visits following the first dose
escalation. CDAI scores at visits where the patient remained at
the initiation dose (3 mg/kg every 8 weeks) were not included.

Locally weighted scatterplot smoothing (Lowess curve)
[19] was used to plot a graph of disease activity (measured
by CDAI and HAQ) over a scaled time. This is a method of
fitting a nonparametric smooth curve to the data that is empir-
ically driven by the data. In a window around each data point,
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a set of data points is used to fit a regression line to estimate
the predicted value at that time point, weighing the points
closest to the data point higher than those further away. This
is done at every time point and results in a smooth curve that
follows the data.

Cubic spline fit, an alternative plotting method [20], was
used to fit splines using knots at each dose escalation. This
method fits a cubic function (ax’ + bx” + cx + d) between each
dose escalation with the restriction that each curve must con-
nect to the one preceding and the one after. This approach
allows the connection of polynomial functions from knot to
knot (dose escalations). Curves were estimated using Lowess
and cubic spline fit for patients with any number of dose
escalations and in subpopulations with 2, 3, and >4 dose
escalations. Mean changes in CDAI and HAQ at each dose
escalation time point were estimated from the estimated cubic
spline regression model.

Results

Study population The Corrona database includes 2088 pa-
tients who initiated infliximab after 01 January 2007. Of these
patients, 599 had a reported infliximab dose of 3 mg/kg at
their initiation visit and 218 of these patients had at least 1
dose escalation in the first 12 months following initiation. Of
the 218 who had at least 1 dose escalation, 185 had at least 1
follow-up visit after dose escalation and were included in this
analysis (Fig. 1).

Demographic and clinical characteristics Patients in this anal-
ysis were mostly female (72.4%), White (82.7%), and
overweight/obese (80.5%); had a mean age of 58.2 years;
and had been diagnosed with RA for a mean of 7.5 years
(Table 1). The mean number of prior csDMARDs taken by
these patients was 1.6. Most patients were currently receiving

Infliximab Initiated at
3 mg/kg on or After
01 January 2007
n=>599

\ 4
Dose Escalation Within
12 Months
n=218

No Dose Escalation
Within 12 Months
n =381

Follow-up After Dose
Escalation
n=185

No Follow-up After Dose
Escalation
n=33

Fig. 1 Population flowchart. n, number of patients

Table 1 Demographic and clinical characteristics of patients (N = 185)
at infliximab initiation (disease activity at visit prior to first dose
escalation)

Characteristic
Gender, female, n (%) 134 (72.4)
Age, years, mean (SD) 58.2 (13)
RA duration, years, mean (SD) 7.5(8.3)
Race, White, n (%) 153 (82.7)
Weight, kg, mean (SD) 86.7 (21.6)
BMI category, n (%)
Underweight (< 18.5 kg/m?) 42.2)
Normal weight (18.5 to < 25 kg/m?) 32(17.3)
Overweight (25 to <30 kg/mz) 53 (28.6)
Obese (>30 kg/m?) 96 (51.9)
RF+ status, n/N (%) 62/97 (63.9)

CCP+ status, n/N (%)
Comorbid conditions, n (%)

54/83 (65.1)

Cardiovascular® 15(8.1)
Malignancy® 18 (9.7)
Serious infection® 8 (4.8)
Diabetes 17 (9.2)
Medication history
Prior no. of csDMARDY, mean (SD) 1.6 (0.9)
Monotherapy, n (%) 22 (11.9)
Combination therapy®, n (%) 163 (88.1)
MTX alone 111 (68.1)
Other csDMARD alone 21 (12.9)
MTX + other csDMARD 31 (19.0)
Prednisone use, n (%) 58 (31.4)
Dose <10 mg 53 (91.4)
Dose > 10 mg 5(8.6)
Tender joint count (28), mean (SD) 5.9 (6.5)
Swollen joint count (28), mean (SD) 6.2 (6)
Physician global assessment (0—100), mean (SD) 31.3(22.9)
Patient global assessment (0—100), mean (SD) 42.9 (27.9)
CDALI, mean (SD) 19.6 (13.2)
HAQ, mean (SD) 0.9 (0.7)
Patient-reported pain (0—100), mean (SD) 42.9(29.3)
Patient-reported fatigue (0—100), mean (SD) 52.8 (31.4)

BMI, body mass index; CCP, cyclic citrullinated peptide; CDAI, Clinical
Disease Activity Index; csDMARD, conventional, synthetic disease-
modifying antirheumatic drug; DMARD, disease-modifying antirheumat-
ic drug; HAQ, Health Assessment Questionnaire; /V, intravenous; MTX,
methotrexate; N, all patients in analysis; #, number of patients; no., num-
ber; RA, rheumatoid arthritis; RF, rheumatoid factor; SD, standard
deviation

 Cardiovascular comorbidity includes myocardial infarction, stroke,
acute coronary syndrome, coronary artery disease, congestive heart fail-
ure, peripheral arterial disease, and revascularization procedures

b . . .
Malignancy includes all cancers except for nonmelanoma skin cancer

¢ Serious infections are defined as any hospitalized infection or use of TV
antibiotics

4Not including current DMARD
¢In addition to infliximab

a combination therapy (88.1%) consisting of methotrexate
plus infliximab, methotrexate plus infliximab and another
¢sDMARD, or infliximab and another csDMARD. The mean
baseline CDALI score at the time of infliximab initiation was
19.6 and the mean HAQ score was 0.9.
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Trends in CDAl and HAQ scores The trend in CDAI scores was
estimated over time scaled to instances of dose escalation
using Lowess and spline curves (Fig. 2a—c). In patients who
received 2 infliximab dose escalations (n=101), there was a
decrease in the estimated mean CDAI from the time of
infliximab initiation at both the first and second dose escala-
tion visits (Fig. 2a). In patients who received 3 dose escala-
tions (n =42), there was a progressive decrease in the estimat-
ed mean CDALI from initiation through the second dose esca-
lation, followed by an increase in the estimated mean CDAI
from the second to the third dose escalation (Fig. 2b). In pa-
tients who received 4 or more dose escalations (n=12), the
estimated mean CDAI remained stable over time, demonstrat-
ing little impact from dose escalations (Fig. 2c). The trend in
estimated mean CDAI versus actual infliximab dose (normal-
ized to milligrams per kilogram every 8 weeks) in all patients
included in this study was similar to that observed with esti-
mated mean CDAI versus dose escalation; there was a de-
crease in CDAI from 3 mg/kg every 8 weeks to 5 mg/kg every
8 weeks followed by a plateau at higher doses (Fig. 3a). The
trend in the proportions of patients in remission, low disease
activity, moderate disease activity, and high disease activity at
each infliximab dose is shown in Fig. 3b. At 3 mg/kg every
8 weeks, no patients were in remission, approximately 50%
were in high disease activity, approximately 30% were in
moderate disease activity, and approximately 10% were in
low disease activity. Through 10 mg/kg every 8 weeks, the
proportion of patients in remission remained around 0%. At
4 mg/kg every 8 weeks, 20% to 30% of patients were in each
disease-level group and remained relatively consistent for
moderate and low disease activity through 10 mg/kg every
8 weeks. The proportion of patients in high disease activity
was more variable, ranging between 10 and 30% through
10 mg/kg every 8 weeks.

In contrast to what was observed with the estimated trend
in mean CDALI, the estimated mean HAQ scores generally
remained stable in patients who received 2 (Fig. 4a) or 3 dose
escalations (Fig. 4b). However, in patients who received 4 or
more dose escalations, a decrease in estimated mean HAQ
scores was observed from infliximab initiation through dose
escalation 2, followed by a progressive increase in mean HAQ
scores through subsequent dose escalations (Fig. 4c).

Discussion

Here, we report a retrospective, real-world, observational analy-
sis conducted using data from patients in the US Corrona RA
registry who initiated infliximab therapy at 3 mg/kg and experi-
enced at least 1 dose escalation. In this analysis, estimates of
mean CDALI scores following infliximab dose escalation indicat-
ed that, in general, in patients who received 2 dose escalations,
the first 2 dose escalations (generally from 3 to 5 or 7 mg/kg or
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Fig. 2 Plot of trend of disease activity (CDAI) over scaled time. a The | 2
table shows the estimated mean CDAI score at each dose escalation visit
and the estimated mean change in CDAI score from the start to the first
dose escalation visit and from the first dose escalation visit to the second
dose escalation visit. b The table shows the estimated mean CDAI score
at each dose escalation visit and the estimated mean change in CDAI
score from the start to the first dose escalation visit, from the first dose
escalation visit to the second dose escalation visit, and from the second
dose escalation visit to the third dose escalation visit. ¢ The table shows
the estimated mean CDAI score at each dose escalation visit and the
estimated mean change in CDAI score from the start to the first dose
escalation visit, from the first dose escalation visit to the second dose
escalation visit, from the second dose escalation visit to the third dose
escalation visit, and from the third dose escalation visit to the fourth dose
escalation visit. Scaled time (x-axis) used initiation of infliximab as =0,
time of first dose escalation as = 1, time of second dose escalation as ¢ =
2, and so on. Splines used knots at each dose escalation. Scatter dots are
CDALI values. CDAI, Clinical Disease Activity Index; CI, confidence
interval; Lowess, locally weighted scatterplot smoothing; t, time

from 3 mg/kg every 8 weeks to 5 mg/kg every 8 weeks then
5 mg/kg every 6 weeks) resulted in a decrease in mean CDAI
scores. However, in patients who received 3 dose escalations,
following an initial decrease in mean CDAI after the first 2 dose
escalations, there was a little subsequent reduction in disease
activity. Further, in patients who received 4 or more dose escala-
tions, mean CDAI scores did not decrease from initiation through
5 dose escalations. Dose escalation had little impact on mean
HAQ scores. In patients who received 2 or 3 dose escalations,
mean HAQ scores remained stable. In patients who received 4 or
more dose escalations, mean HAQ scores decreased slightly fol-
lowing the first 2 dose escalations, but then progressively in-
creased from the second through the fifth dose escalations.

The limited benefit observed with 3 or more dose escala-
tions in this analysis in a real-world population is consistent
with the results of the START randomized controlled trial
[13]. In START, more than 80% of patients achieved a re-
sponse with up to 3 infliximab dose escalations, but none of
the 7 patients who received a fourth dose escalation due to
continued disease activity responded. It should be noted that
the definition of response to dose escalation in START was a
>20% improvement from the baseline in the total number of
tender or swollen joints only and not an American College of
Rheumatology (ACR) or CDAI score. In addition, a previous
small, double-blind clinical trial failed to show improved ef-
ficacy with escalation of infliximab from 3 to 5 mg/kg [12].
Together, these results suggest that although the first and second
infliximab dose escalations may be effective in some patients,
further dose escalations do not incrementally improve efficacy.

A post hoc analysis of data from the RISING study dem-
onstrated that European League Against Rheumatism
(EULAR) responses and decreases in disease activity
(assessed using disease activity score in 28 joints [DAS28]
based on C-reactive protein and the ACR core set) were sig-
nificantly better with 10 mg/kg infliximab versus 3 and
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# of dose escalations

Mean CDAI 23.68 16.06 13.20
(95% CI) (20.81, 26.56) (14.13, 17.99) (10.10, 16.30)
Mean Change in -7.63 -2.85
CDAI (95% CI) (-10.81, -4.44) (-6.68,0.97)

Mean CDALI scores in patients with 2 dose escalations (n = 101) showing both Lowess and spline curves

decreasing from infliximab initiation visit to visit following the first dose escalation and decreasing slightly

from visit following the first dose escalation to visit following the second dose escalation;

b . [ oswcar ° CDAI

m—— Spline == [owess

o
T T T T T
1 2 3 4 5
# of dose escalations

Mean CDAI 22.69 18.45 11.90 16.19

(95% CI) (18.79,26.59)  (16.03,20.87)  (9.21,14.59) (11.81,20.57)

Mean Change in -4.24 -6.55 4.29

CDAI (95% CI) (-8.04, -0.44) (-8.87,-4.23) (-0.96,9.54)

Mean CDALI scores in patients with 3 dose escalations (n = 42) showing both Lowess and spline curves
decreasing from initiation visit to visit following the first dose escalation and from visit following the
first dose escalation to visit following the second dose escalation, but increasing from visit following
the second dose escalation to visit following the third dose escalation (spline curve dips between visits,

but at visit following the third dose escalation is greater than at visit following the second dose escalation);

c <
7 o [ oswa o CDAI
— Spline mmmmE [owess
o
o
o
S4 ° o ° °

1 2 3 4
# of dose escalations
Mean CDAI 23.48 22.73 22.06 21.59 20.62°
(95% CI) (17.96, 29.00) (19.64,25.82) (18.15,25.97) (17.05,26.13) (16.10, 25.13)
Mean Change in -0.75 -0.67 -0.47 -0.97
CDAI (95% CT) (-5.49,3.98) (-3.75,2.42) (-6.14, 5.20) (-6.56, 4.62)

Mean CDALI scores in patients with 4 or more dose escalations (n = 12) showing both Lowess and spline
curves remaining stable through all visits (initiation through visit following the fifth dose escalation).
*Estimated mean CDAI at fourth or fifth dose escalation visit.

@ Springer



2506

Clin Rheumatol (2019) 38:2501-2508

50

CDAI
30

10

6 7 8
Infliximab dose (mg/kg every 8 weeks)

* CDAI - —— — Mean CDAI vs normalized infliximab dose

Smoothed Lowess curve of estimated predicted mean of CDAI versus actual
infliximab dose showing the Lowess curve decreasing up to 5 mg/kg every 8 weeks
then remaining stable through 10 mg/kg every 8 weeks. Predicted mean of CDAI
was estimated using a mixed linear regression model with patients as random effect
to account for multiple visits per patient. A reference line (solid line) is set at CDAI
of 10, the cutoff for low disease activity (i.e., low disease activity is defined as
CDAI = 10). CDALI, Clinical Disease Activity Index; Lowess, locally weighted
scatterplot smoothing.

b

0.3 0.4 0.5
1 1 1

0.2

Proportion of Patients

6 7 8
Infliximab dose (mg/kg every 8 weeks)

Remission
""" MDA

Smoothed Lowess curves of estimated proportions of patients at each disease activity
level showing almost no patients in remission (solid line) from 3 to 10 mg/kg; 50%

of patients in high disease activity (dotted and dashed line) at 3 mg/kg, decreasing to
approximately 20% at 4 mg/kg and remaining between 10 and 30% through 10 mg/kg;
approximately 30% of patients in moderate disease activity (dashed line) at 3 mg/kg
and remaining between 20 and 30% through 10 mg/kg; and approximately 10% of
patients in low disease activity (dotted line) at 3 mg/kg, increasing to 20% at 4 mg/kg
and remaining between approximately 20 and 25% through 10 mg/kg. The proportion
of patients at each disease activity level was estimated using a mixed logistic regression
model with patients as random effect to account for multiple visits per patient. HDA,
high disease activity; LDA, low disease activity; MDA, moderate disease activity.

Fig. 3 Smoothed Lowess curves versus actual infliximab dose
(normalized to mg/kg every 8 weeks)*. *At the initiation dose (3 mg/kg
every 8 weeks) and all doses following the first dose escalation

6 mg/kg only in patients with high baseline TNF values (>
1.65 pg/ml) [21]. In contrast, when we looked at CDAI scores
at increasing infliximab doses, we did not observe improve-
ment at 10 mg/kg infliximab. However, because this was an
observational study, the baseline TNF values of the patients in
this study are not known.
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a [ 9os%ct ° HAQ
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— Splinc == Lowess
°
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°
(=4
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°
<
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1 2 3 4 5
# of dose escalations
Mean HAQ 087 0.89 091
(95% CI) (0.68, 1.06) (0.77,1.01) (0.73, 1.10)
Mean Change in 0.02 0.
HAQ (95% CI) (-0.18,0.22) (-0.20,0.25)

Mean HAQ scores in patients with 2 dose escalations (n = 70) showing both Lowess and spline curves
remaining stable from infliximab initiation through visits following the first and the second dose escalations;
the table shows estimated mean HAQ score at each dose escalation visit and estimated mean change in HAQ
score from the start to the first dose escalation visit and from the first dose escalation visit to the second dose
escalation visit.

b [ Jos%a ° HAQ
o — Spline == Lowess
°
]
<
<
e}
°
o
o
S0 000 o ® ® ©000000D0aD0000
T T T T T
1 2 3 4 5
# of dose escalations
Mean HAQ 0.83 1.08 0.96 1.05
(95% CI) (056, 1.10) (0.92,1.24) (0.78, 1.14) (0.77.1.33)
Mean Change in 025 -0.12 0.09
HAQ (95% CT) (:0.01,0.51) (:0.28,0.04) (-0.25,0.44)

Mean HAQ scores in patients with 3 dose escalations (n = 30) showing both Lowess and spline curves
remaining stable from initiation through visits following the first through the third dose escalations (spline
curve goes above the Lowess curve between the first and second dose escalation visits and goes below the
Lowess curve between the second and third dose escalation visits, but meets the Lowess curve at each dose
escalation visit); the table shows the estimated mean HAQ score at each dose escalation visit and the estimated
mean change in HAQ score from the start to the first dose escalation visit, from the first dose escalation visit to
the second dose escalation visit, and from the second dose escalation visit to the third dose escalation visit.

[ oswa ° HAQ
C .y — Spline === Lowess
°
oo
°
g °
o
= O
= & ° o
o
o o O pm
- o S o - °
° °© o °
- °
°
° oo
©Jdo o o 00000 o ° °
T T T T T
1 2 3 4 5
# of dose escalations
Mean HAQ 0.82 0.72 . 1.43°
(95% C1) (033, 1.31) (0.48,0.95) (0.37,0.98) (0.56, 1.29) (1.10, 1.76)
Mean Change in -0.10 -0.04 0.25 0.51
HAQ (95% CI) (-0.51,0.31) (-0.31,0.23) (-0.18,0.68) (0.06,0.96)

Scaled time (x-axis) used initiation of infliximab as ¢ = 0, time of first dose escalation as 7 = 1, time of
second dose escalation as 7 = 2, and so on. Splines used knots at each dose escalation. Scatter dots are
HAQ values. CI, confidence interval; HAQ, Health Assessment Questionnaire; Lowess, locally weighted
scatterplot smoothing; t, time. Mean HAQ scores in patients with 4 or more dose escalations (n = 10)
showing both Lowess and spline curves decreasing from initiation to visit following dose escalation 1 and
then progressively increasing through visits following the second through fifth dose escalations.
#Estimated mean HAQ at the fourth or fifth dose escalation visit. The table shows the estimated mean
HAQ score at each dose escalation visit and the estimated mean change in HAQ score from the start to the
first dose escalation visit, from the first dose escalation visit to the second dose escalation visit, from the
second dose escalation visit to the third dose escalation visit, and from the third dose escalation visit to the
fourth or fifth dose escalation visit

Fig. 4 Plot of trend of function (HAQ) over scaled time
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Limitations of this study include the observational, ret-
rospective design; the descriptive nature of the study and
lack of comparator group; the relatively small population;
and the intrinsic, potentially confounding factors present
in all observational studies that can result in selection bias.
Confounding by indication, in which patients with the
highest disease activity were more likely to receive dose
escalations, presents the largest risk of selection bias.
Other potential confounders include absolute infliximab dose,
length of infliximab use, and concomitant use of other drugs
such as methotrexate. In addition, because this was an obser-
vational study, data on additional factors that may impact
treatment response to infliximab, such as serum trough levels,
the presence of anti-drug antibodies, and methotrexate
polyglutamation, were not available [22]. However, in gener-
al, none of these factors are typically measured in the clinic by
rheumatologists as part of the management of patients with
inflammatory arthritis due to the multiple other treatment op-
tions available. Therefore, this study does reflect trends in
infliximab treatment in real-world settings across the US.

This report supports the practice of infliximab dose escala-
tion but suggests that there may be diminishing clinical benefit
beyond the initial dose escalations. This may have important
clinical implications, as higher doses may be associated with
increased toxicity and cost [12, 15] while only maintaining
disease activity levels. As multiple other options exist for the
treatment of RA, consideration of switching therapy after 1 to
2 dose escalations is supported by these observations. An
assessment of the risk-benefit and the cost effectiveness of
multiple dose escalations should be considered in the
treatment-resistant patient.
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