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ABSTRACT

Objective. To evaluate the efficacy and
safety of down-titration (dose reduc-
tion/tapering) strategies compared with
continuation of biological disease-mod-
ifying anti-rheumatic drugs (DMARD:s)
in patients with rheumatoid arthritis
(RA) who achieved and maintained low
disease activity or remission.
Methods. We searched the follow-
ing electronic database up to March
2016: MEDLINE, EMBASE, Cochrane
Central Register of Controlled Trials
(CENTRAL), and conference proceed-
ings of the American College of Rheu-
matology (ACR) and European League
against Rheumatism (EULAR). Our
meta-analysis  included randomized
controlled trials (RCTs) of RA patients
with low disease activity or in remission
that compared down-titration treatment
with continuation treatment. Data on
flare, defined as a 28-joint Disease Ac-
tivity Score of =3.2, had to have been
reported. Outcomes on efficacy or safe-
ty were collected.

Results. Of 1136 references identi-
fied, five RCTs (total, 771 participants)
were included. The incidence of dis-
ease relapse in the down-titration and
continuation groups was similar (risk
ratio (RR)=1.14, 95% CI=0.88-1.49).
There was no statistical difference in
the number of serious adverse events
(RR=1.15, 95% CI=0.53-249). With-
drawals due to inefficacy or toxicity
were similar between groups and no
clinically meaningful difference in ef-
ficacy outcomes was observed by con-
tinuation treatment.

Conclusion. Our findings indicated
that continuing a standard dose of bio-
logical DMARD:s in patients with low
disease activity conveyed no significant
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benefit as compared with down-titra-
tion therapy, suggesting that a down-ti-
tration strategy is as effective as a con-
tinuation strategy. Since the number of
trials meeting the criteria for this meta-
analysis was relatively low, future anal-
yses with additional prospective RCTs
are required to compare other biologi-
cal agents and evaluate the long-term
efficacy of these two strategies.

Introduction

Rheumatoid arthritis (RA) is a chron-
ic inflammatory autoimmune disorder
associated with progressive destruc-
tion to the bone and cartilage of the
joints, functional disability, and reduc-
tion in health-related quality of life
(1, 2). The introduction of biologi-
cal disease-modifying anti-rheumatic
drugs (DMARD:s), including TNF-a
inhibitors (certolizumab pegol, goli-
mumab, infliximab, etanercept (ETN),
and adalimumab (ADA)), as well as
some other biologic agents (anakinra,
rituximab, abatacept (ABA), and tocili-
zumab), significantly reduces the signs
and symptoms of joint damage and im-
proves physical function and quality
of life (3-5). However, the economic
burden to the RA patient subsequently
increases, and long-term therapy with
biologics has been associated with a
high risk of dose-dependent adverse
effects, including an increased risk of
serious adverse events (SAEs), espe-
cially infection and malignancy (6, 7).
Over the last few decades, coupled with
early diagnosis, increasing numbers
of RA patients have achieved low dis-
ease activity and even sustained remis-
sion. In response, patients often inquire
whether continuation of biological
DMARD:s is still necessary or whether



Down-titration versus continuation strategies / M. Jiang et al.

the dose can be reduced or even termi-
nated, while keeping the disease under
control, which is a central challenge to
rheumatologists. Numerous studies to
answer these questions have reported
high instances of flaring and dete-
rioration following withdrawal from
biological DMARDs, as compared to
continuing treatment (8, 9). Moreover,
emerging evidence indicates that reduc-
ing the dose of ETN was more effec-
tive than that of methotrexate (MTX)
alone to maintain low disease activity,
which implies that reducing the bio-
logical DMARD dose might be an in-
teresting alternative to maintain low
disease activity (10, 11). Meanwhile,
the European League Against Rheuma-
tism (EULAR) guidelines mentioned
the possibility of tapering biological
DMARD:s for patients in sustained re-
mission (12). On the other hand, Kobelt
(13) estimated the cost-effectiveness
of three maintenance strategies in the
PRESERVE study (patients failing to
maintain remission on half-dose ETN
or MTX alone, switching to a full dose
of ETN, and patients maintaining re-
mission on full-dose ETN and allowed
to switch to a half dose) and found that
the half-ETN strategy was the most
beneficial. Therefore, we presumed that
low-dose biologics might be sufficient
to reduce the incidence of SAEs or re-
lieve the economic burden of RA treat-
ment. Therefore, the objective of this
systematic review was to determine
whether the doses of biological agents
could be reduced for patients with low
disease activity.

Materials and methods

Literature search

We performed a search of the MED-
LINE, EMBASE, and Cochrane Central
Register of Controlled Trials (CEN-
TRAL) electronic databases for relevant
articles published up to March 2016.
Search terms included specific types
of biological DMARDs (e.g. ADA and
ETN) and the terms “dose reduction”,
“down-titration”, “dose de-escalation”,
“dose tapering”, “interval widening”,
and “rheumatoid arthritis” (the full
search strategy is available in the sup-
plementary data). We also searched
the abstracts of the American College

of Rheumatology (ACR) from 2012 to
2015 and EULAR from 2002 to 2015.
The search was limited to studies in
English and supplemented by review-
ing the references of all relevant studies.
If potentially relevant studies included
non-published data, the primary investi-
gators of the relevant studies were con-
tacted.

Study selection

Studies were eligible by meeting the
following inclusion criteria: (i) ran-
domised controlled trials (RCTs); (ii)
conducted in adult RA patients with a
state of low disease activity, defined
as a 28-joint Disease Activity Score
(DAS28) of <3.2, or in remission
(DAS28 <2.6); (iii) comparing down-
titration with continuation of biolog-
ics; and (iv) including data on dis-
ease relapse (defined as =2 additional
DMARD courses of high-dose steroids,
returned to full-dose biologics, DAS28
>3.2, DAS28 >3.2 with an increase of
>0.6, or increase in DAS28>1.2) with
or without one or more of the following
pre-specified outcomes: DAS28; C-re-
active protein (CRP) level; erythrocyte
sedimentation rate (ESR); Health As-
sessment Questionnaire (HAQ) score;
radiographic outcomes; pain visual
analogue scale (VAS) score; swollen/
tender joint count; ACR20; ACRS50;
ACR70; number of failures; number of
SAEs; and withdrawal due to lack of ef-
ficacy or SAEs.

Data extraction

Two authors independently used a data
extraction form to extract the following
information: general study information
(title of the article, first author’s last
name, authors’ institution, year of pub-
lication, and year of study), study char-
acteristics (design, eligibility criteria,
definition and diagnosis of flare, study
duration, random sequence generation,
allocation concealment, and blinding),
intervention (biological DMARDs,
dose reduction/tapering, and the integ-
rity of intervention measure), and ma-
jor outcomes and results presented as
numbers, mean deviations, and stand-
ard deviations. Any discrepancy in
data extraction was resolved by team
discussion.
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1130 of records
identified through
database
searching

l—l—l

10510f records
after duplicates
removed and
proceed to
secondary
assessment

6 of additional
records identified
through other
sources

1028 of records
excluded

18 studies
excluded

11 on the same
population

3 no outcome of
interest

1 no continuation
arm

2 no dose

23 studies reduction arm
assessed for | .| 1 observational
eligibility study

4 full text studies included

1 study as abstract included

5 studies included
in quantitative

synthesis
(meta-analysis)

Fig. 1. Search methodology and the literature
review process.

Quality assessment

Bias risk of individual studies and across
studies was assessed using the Cochrane
Collaboration tool (14), according to the
following criteria: random sequence
generation, allocation concealment,
blinding of participants and personnel,
blinding of outcome assessment, incom-
plete outcome data, selective reporting,
and other bias. Each of the above sev-
en assessed risk of bias domains were
evaluated in three groups: A, low risk;
B, unclear risk; C, high risk.

Data synthesis

Review Manager 5.3 (http://tech.
cochrane.org/revman) was used for all
data analyses. The weighted mean dif-
ference (WMD) and corresponding 95%
confidence intervals (CI) were pooled
for analysis using a random-effects
model. The WMD was obtained when
continuous scales of measurement were
used to assess treatment effects (CRP,
ESR, VAS, swollen joint count, tender
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Table I. Characteristics of studies included for meta-analysis.

Author name Patient Mean Mean disease Criteria used Continuation  Down-titration Flare Study
(ref. no) number  patient age duration for treatment protocol protocol definition duration
(years) (years) initiation (months)
van Vollenhoven 50 56.9 143 DAS28 <3.2, ETN (50 mg ETN (25 mg DAS28 >3.2 or treated 12
etal.(10) ‘LDA>11 months QW) +MTX QW)+ MTX with ETN (50 mg weekly)
Westhovens 108 50.6 23 DAS28 <2.6 ABA ABA (5 mg/kg) DAS28 =3.2 at two 12
etal. (19) (10 mg/kg) visits, or =2 courses of
GCS, or additional
DMARD:s, or treated
with ABA (10 mg/kg)
Smolen et al. (11) 404 473 6.6 DAS28 <3.2 for ETN (50 mg)  ETN (25 mg) DAS28 >3.2 at 52 weeks 12
24 weeks +MTX weekly +MTX weekly
van Herwaarden 180 58.7 10.0 ADA or ETN at Continued Step-wise DAS28 =3.2 with an 18
etal.(15) any stable dose ADA of ETN  increase in increase of >0.6, or an
and interval at any stable injection increase of DAS28 >1.2
=6 months dose interval of
every 3 months
Okano et al. (20) 29 N.A. N.A. DAS28 <3.2 ADA 40 mg ADA 40 mg DAS28 >3.2 6

every 2 weeks

every 4 weeks

*LDA: low disease activity, DAS28 <3.2; ¥YQW: once weekly; “N.A.: not available.

joint count, HAQ score, and DAS28
mean change from baseline). Categori-
cal data (e.g. relapse, ACR20, ACRS50,
ACR70, number of SAEs, serious in-
fections, and withdrawal because of
toxicity or lack of efficacy) were pooled
for determination of the risk ratio (RR)
and 95% CIs. Statistical heterogene-
ity was estimated using the y? test and
I? test, with significant heterogeneity
defined as p<0.1 and I?>50%, respec-
tively. Subgroup analyses for different
types of interventions (widening injec-
tion interval and reduction biologics by
50%) were also performed to explain
the heterogeneity.

Results

Study identification

The primary search retrieved a total
of 1136 relevant studies. After check-
ing for duplication in EndNote (http://
endnote.com/) and reviewing titles and
abstracts to exclude clearly irrelevant
literature, 23 articles were chosen for
secondary evaluation. Six abstracts re-
ported data for the DRESS study. For
the purpose of this review, the article
by van Herwaarden et al. (15) was
considered the primary publication,
although the abstract by van Vollen-
hoven et al. (10) and three others re-
ported data for the same study. Four
abstracts reported data for the STRASS

trial, of which we considered the arti-
cle by Fautrel et al. (16) as the primary
publication. Additional studies were
excluded because eleven of the studies
used the same population, three did not
report our outcome of interest (16-18),
three were not related to dose reduc-

tion or continuation strategies, and one
was an observational study. Therefore,
a total of five RCTs were included in
the meta-analysis (four trials compared
dose reduction of biological agents
with continuation of standard dose and
one compared progressively increased

Fig. 2. Risk of bias of
the included studies

Okano 2015

Smolen 2013

van Herwaarden 2015
van Vollenhoven 2016

Westhovens 2015

. . . . . Selective reporting (reporting bias)

. . . . . Incomplete outcome data (attrition bias)
® OO O O oterbis

. . ‘ ' . Blinding of participants and personnel (performance bias)
. . . . . Blinding of outcome assessment (detection bias)

® O O @ O Aiocation concealment (selection bias)

® O O @ ® |Randomsequence generation (selection bias)
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down-titration  continuation Risk Ratio Risk Ratio
_Studyor Subgroup ~_ Events Total Events Total Weight M-H. Random, 95% Cl M-H, Random,95%Cl
1.2.1 tapering
van Herwaarden 2015 15 121 6 59 8.6% 1.22[0.50, 2.98 S
Subtotal (95% CI) 121 50 8.6% 1.22 [[o.so, 2.98]] -~
Total events 15 6
Heterogeneity: Not applicable
Test for overall effect: Z = 0.43 (P = 0.66)
1.2.2 dose reduction
Okano 2015 1 13 0 16  0.7% 3.64 [0.16, 82.62]
Smolen 2013 43 202 36 202 433% 1.19[0.80, 1.78]
van Vollenhoven 2016 16 27 11 23 24.4% 1.240.73, 2.10]
Westhovens 2015 18 58 17 50 23.1% 0.91[0.53, 1.57]
Subtotal (95% CI) 300 291 91.4% 1.14 [0.86, 1.49]
Total events 78 64
Heterogeneity: Tau? = 0.00; Chi? = 1.32, df =3 (P = 0.72); P=0%
Test for overall effect: Z = 0.92 (P = 0.36)
Total (95% CI) 421 350 100.0% 1.14 [0.88, 1.49]
Total events 93 70
Heterogeneity: Tau? = 0.00; Chi? = 1.34, df = 4 (P = 0.85); I = 0% *0.0 " o? ) : 1*0 ’ 00’

Test for overall effect: Z = 1.01 (P = 0.31)

Test for subaroup differences: Chi? = 0.02. df = 1 (P = 0.88). = 0%

Fig. 3. Proportion of disease relapse in down-titration versus continuation therapy.

Favours [down-titration] Favours [continuation]

injection interval with usual care). Fig-
ure 1 outlines our literature search and
review process.

Characteristics of the included studies
The main characteristics of the in-
cluded studies are listed in Table 1. A
total number of 771 participants were
included in the trials. Of these, 421 re-
ceived down-titration therapy and the
rest were ascribed to the continuation
group. All trials were at least 6 months
in duration. Patients in the continuation
group received standardised treat-to-
target treatment.

Risk of bias of the included studies
The study by Okano et al. (20) was
only available as conference abstract,
and the remaining four trials included
in the meta-analysis were published as
full text. The PRESERVE trial (11) was
judged as high risk of incomplete out-
come data, as 13% (>10%) of patients
discontinued treatment. The report by
van Herwaarden et al. (15) met all cri-
teria except for blinding. Two other
trials mentioned random sequence gen-
eration and were double-blind, but no
details were available and they report-
ed a discontinuation rate of 6%—10%.
Figure 2 provided the authors’ judge-
ments about each risk of bias item for
each included study.

Efficacy outcomes

e Disease relapse

Data on disease relapse was available
for all included studies (771 partici-
pants). There was no statistically sig-
nificant difference in the number of
participants who experienced disease
relapse between down-titration therapy
and continuation therapy (RR = 1.14,
95% C1=0.88-1.49, Fig. 3). The results
of the tapering subgroup showed no
significant difference in disease relapse
by increasing the injection interval and
continuation therapy (RR=1.22, 95%
CI=0.50-2.98). The dose reduction
subgroup showed no difference in re-
ducing biologics by 50% and continu-
ation treatment. Heterogeneity testing
revealed no statistically significant
difference among the studies (I>’=0%,
p=0.85). Excluding the study of widen-
ing injection interval did not affect het-
erogeneity (I> =0%, p=0.72).

e Other efficacy outcomes

Curative effect indexes (e.g. DAS2S,
CRP, ESR, HAQ score; pain VAS score;
swollen/tender joint count, and erosion/
joint narrowing score) were reported in
three studies and each index was avail-
able in one or two. The indexes identi-
fied in this meta-analysis are shown in
Figure 4. Compared with continuation
therapy, functioning change and progres-
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sion joint space narrowing score were
slightly lower by down-titration therapy,
but these differences did not reach sta-
tistical significance (WMD=0.11, 95%
CI=0.03-0.19 and WMD=043, 95%
CI=0.11-0.74, respectively). Function-
ing was measured using the HAQ dis-
ability index (range, 0-3), with a higher
score indicating worse functioning.
Radiological progression was assessed
according to the modified Sharp/van
der Heijde score (range, 0—448) in con-
junction with the erosion score (range,
0-280) and joint narrowing score (range,
0-168), where a higher combined score
indicates a greater extent of joint dam-
age. There were no statistical differ-
ences among the other indexes between
groups. ACR and EULAR endpoints
were available in only one study (11).
No significant difference was observed
between the two strategies (Fig. 5).

Safety outcomes

* Number of SAEs

All studies except the one reported in
the abstract by Okano et al. (20) pro-
vided data on the incidence of SAEs.
The estimated pooled RR is shown in
Figure 6. There was no statistically
significant difference in outcomes
between the down-titration and con-
tinuation therapies (RR=1.15, 95%
CI=0.53-2.49). The non-significant,
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Mean Difference

V. Random

Smolen 2013 04 095 202 04 087 202 48% 0.00 [-0.18, 0.18]
Westhovens 2015 025 0.1 50 027 01 58 952% -0.02 [-0.06, 0.02]
Subtotal (95% CI) 252 260 100.0% -0.02 [-0.06, 0.02]
Heterogeneity: Tau? = 0.00; Chi* = 0.05, df = 1 (P = 0.83); F=0%

Test for overall effect: Z = 0.96 (P = 0.34)

3.1.2CRP

Smolen 2013 0.7 718 202 1.1 887 202 33% -0.40[-1.97, 1.17]
Westhovens 2015 025 0.78 50 027 0.76 58 96.7% -0.02 [-0.31, 0.27]
Subtotal (95% CI) 252 260 100.0% -0.03 [-0.32, 0.25]
Heterogeneity: Tau? = 0.00; Chi* = 0.22, df = 1 (P = 0.64); P = 0%

Test for overall effect: Z = 0.22 (P = 0.82)

313 ESR

Smolen 2013 38 105 202 41 894 202 100.0% -0.30 [-2.20, 1.60)
Subtotal (95% CI) 202 202 100.0% -0.30 [-2.20, 1.60]
Heterogeneity: Not applicable

Test for overall effect: Z = 0.31 (P = 0.76)

3.1.4 HAQ change from baseline

Smolen 2013 06 05 202 05 05 202 61.8% 0.10 [0.00, 0.20]
Westhovens 2015 0.06 0.35 50 -007 03 58 382% 0.13[0.01, 0.25]
Subtotal (95% CI) 252 260 100.0% 0.11 [0.03, 0.19]
Heterogeneity: Tau? = 0.00; Chi* = 0.14, df= 1 (P =0.71); F= 0%

Test for overall effect: Z = 2.85 (P = 0.004)

3.1.5 Pain visual analogue scale

Smolen 2013 59 1833 202 4.1 17.07 202 100.0% 1.80 [-1.65, 5.25]
Subtotal (95% CI) 202 202 100.0% 1.80 [-1.65, 5.25]
Heterogeneity: Not applicable

Test for overall effect: Z = 1.02 (P = 0.31)

3.1.6 Swollen joint count

Smolen 2013 04 208 202 0.2 167 202 100.0% 0.20[-0.17, 0.57]
Subtotal (95% Cl) 202 202 100.0% 0.20 [-0.17, 0.57]
Heterogeneity: Not applicable

Test for overall effect: Z = 1.07 (P = 0.29)

3.1.7 Tender joint count

Smolen 2013 07 208 202 0.8 262 202 100.0% -0.10 [-0.56, 0.36]
Subtotal (95% CI) 202 202 100.0% -0.10 [-0.56, 0.36]
Heterogeneity: Not applicable

Test for overall effect: Z = 0.42 (P = 0.67)

3.1.9 Progression erosion score

Smolen 2013 0 3645 202 -0.1 346 202 0.1% 0.10(-6.83, 7.03)
van Herwaarden 2015 029 08 116 012 07 59 99.9% 0.17 [-0.06, 0.40]
Subtotal (95% CI) 318 261 100.0% 0.17 [-0.06, 0.40]
Heterogeneity: Tau® = 0.00; Chi* = 0.00, df = 1 (P = 0.98); I* = 0%

Test for overall effect: Z = 1.45 (P = 0.15)

3.1.10 Progression joint space narrowing score

Smolen 2013 0 246 202 0 254 202 04% 0.00 [-4.88, 4.88)
van Herwaarden 2015 0.46 12 116 003 09 59 99.6% 0.43[0.11,0.75)
Subtotal (95% Cl) 318 261 100.0% 0.43 [0.11, 0.74)

Heterogeneity: Tau? = 0.00; Chi* = 0.03, df = 1 (P = 0.86); I* = 0%

Test for overall effect: Z = 2.65 (P = 0.008)

Mean Difference
andom, 95% CI

|

E

: " 1

Favours [down-titration]

Fig. 4. Clinical indexes in down-titration versus continuation therapy.

50 0 50 100
Favours [continuation]

higher incidence of SAEs in patients
receiving widening injection therapy in
the DRESS study (15) may caused by
a greater acceptance of elective surgery
for joint replacement, arthrodesis, and
joint prosthesis revision. There is also
no significant difference in the inci-

dence of SAEs between the dose reduc-
tion and continuation arms. Heteroge-
neity among studies was not significant
(p=0.18, 1>=38%). Excluding the study
of widening injection interval showed
no significant heterogeneity among the
remaining studies (p=0.64, I’=0%).
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* Number of reported SAEs

Four full-text studies reported the inci-
dence of at least one SAE (serious in-
fection, allergic reaction, malignancy,
cardiovascular event, liver function
disorder, or tuberculosis). There was
no significant difference in RRs for
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down-titration

3.2.1 ACR/EULAR Boolean remission

Smolen 2013 66 202 73
Subtotal (95% CI) 202
Total events 66 73

Heterogeneity: Not applicable
Test for overall effect: Z=0.73 (P = 0.46)

3.2.2 ACR20

Smolen 2013 150 202 151
Subtotal (95% CI) 202

Total events 150 151
Heterogeneity: Not applicable

Test for overall effect: Z = 0.11 (P = 0.91)

3.2.3 ACR50

Smolen 2013 115 202 125
Subtotal (95% CI) 202

Total events 115 125

Heterogeneity: Not applicable
Test for overall effect: Z= 1.01 (P = 0.31)

3.24 ACR70

Smolen 2013 63 202 71
Subtotal (95% Cl) 202

Total events 63 7

Heterogeneity: Not applicable
Test for overall effect: Z = 0.84 (P = 0.40)

3.2.5 EULAR good or moderate response

Smolen 2013 177 202 181
Subtotal (95% CI) 202
Total events 177 181

Heterogeneity: Not applicable
Test for overall effect: Z = 0.63 (P = 0.53)

continuation

Study or Subgroup  Events Total Events Total Weight M-H. Random.95% Cl

202
202

202
202

202
202

202
202

202
202

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

Risk Ratio

Risk Ratio
% Cl

0.90 [0.69, 1.18]
0.90 [0.69, 1.18]

0.99[0.89, 1.11]
0.99 [0.89, 1.11]

0.92[0.78, 1.08]
0.92[0.78, 1.08]

0.89 [0.67, 1.17]
0.89 [0.67, 1.17]

0.98 [0.91, 1.05]
0.98 [0.91, 1.05]

REVIEW

3 3

0.1 1 10

0.01
Favours [continuation] Favours [down-titration]
Fig. 5. ACR and EULAR endpoints in down-titration versus continuation therapy
down-titration  continuation Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H. Random,95% Cl M-H, Random.95%CI
2.1.1 tapering
van Herwaarden 2015 30 121 7 59 412% 2.09[0.98, 4.48] —
Subtotal (95% Cl) 121 59 41.2% 2,09 [0.98, 4.48] e
Total events 30 7
Heterogeneity: Not applicable
Test for overall effect: Z = 1.90 (P = 0.06)
2.1.2 dose reduction
Smolen 2013 7 202 12 202 35.1% 0.58 [0.23, 1.45] —
van Vollenhoven 2016 1 27 0 23 55% 2.57 [0.11, 60.24] -
Westhovens 2015 3 58 3 50 18.2% 0.86 [0.18, 4.08] -
Subtotal (95% Cl) 287 275 58.8% 0.70 [0.33, 1.50] D _ o
Total events 11 15
Heterogeneity: Tau? = 0.00; Chi? = 0.88, df =2 (P = 0.64); I = 0%
Test for overall effect: Z=0.92 (P = 0.36)
Total (95% Cl) 408 334 100.0% 1.15[0.53, 2.49] N
Total events 41 22
Heterogeneity: Tau? = 0.23; Chi? = 4.84, df = 3 (P = 0.18); I = 38% 00 : oi ’ 1 1‘0

Test for overall effect: Z=0.35 (P = 0.72)

Test for subarouno differences: Chi?=3.96. df =1 (P =0.05). P =74.8%

Fig. 6. Number of SAEs in down-titration versus continuation therapy.

Favours [continuation] Favours [down-titration]
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down-titration

continuation
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—Study or Subgroup _ Events  Total Events Total Weight M-H.Random.95% Cl

2.2.1 Serious infections

Smolen 2013 0 202
van Herwaarden 2015 3 121
Subtotal (95% Cl) 323
Total events 3

3
3

6

Risk Ratio Risk Ratio
M-H, Random.95%Cl
202 22.0% 0.14[0.01,2.75) € .
59 78.0% 0.49(0.10, 2.34) —T
261 100.0% 0.37[0.09, 1.49] —~l——

Heterogeneity: Tau? = 0.00; Chi? = 0.55, df = 1 (P = 0.46); P = 0%

Test for overall effect: Z = 1.40 (P = 0.16)

2.2.2 Allergy reaction

van Herwaarden 2015 0 59
Westhovens 2015 1 50
Subtotal (95% Cl) 109
Total events 1

Heterogeneity: Not applicable
Test for overall effect: Z = 1.55 (P =0.12)

2.2.3 Malignancy

Smolen 2013 4 202
van Herwaarden 2015 2 59
Subtotal (95% Cl) 261
Total events 6

(=}

2
6

8

121 Not estimable
58 100.0% 0.19[0.02, 1.55)
179 100.0% 0.19 [0.02, 1.55)
202 46.4% 2.00[0.37, 10.80]
121 53.6% 0.68[0.14, 3.29]
323 100.0% 1.13[0.36, 3.55)

Heterogeneity: Tau? = 0.00; Chi? = 0.83, df =1 (P = 0.36); = 0%

Test for overall effect: Z=0.20 (P = 0.84)

2.2.4 Cardiovascular event

van Herwaarden 2015 5 121
Subtotal (95% Cl) 121
Total events 5

Heterogeneity: Not applicable
Test for overall effect: Z = 0.82 (P = 0.41)

2.2.5 Liver function disorder

van Vollenhoven 2016 0 27
Subtotal (95% Cl) 27
Total events 0

Heterogeneity: Not applicable
Test for overall effect: Z = 0.78 (P = 0.44)

2.2.6 Tuberculosis

Smolen 2013 0 202
Subtotal (95% Cl) 202
Total events 0

Heterogeneity: Not applicable
Test for overall effect: Not applicable

3 i 1

59 100.0% 2.44[0.29, 20.40)
59 100.0% 2.44[0.29, 20.40]
23 100.0% 0.29[0.01, 6.69]
23 100.0% 0.29 [0.01, 6.69]
202 Not estimable
202 Not estimable
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Favours [continuation] Favours [down-titration]

Fig. 7. Incidence of individual SAEs in the down-titration group versus continuation group.

each SAE between down-titration ther-
apy and continuation therapy among
studies, as shown in Figure 7.

o Withdrawal because of SAEs

or lack of efficacy

The number of patients who withdrew
due to SAEs and lack of efficacy was
available in three and two trials, respec-

tively. Down-titration therapy resulted
in less patient withdrawal due to SAEs
and more patients withdrew due to in-
efficacy than with continuation therapy,
but this difference as not statistically sig-
nificant (RR=0.80, 95% CI=0.28-2.34
and RR=1.36, 95% CI=0.54-3.44, re-
spectively, Fig. 8A-B). Also, no signifi-
cant statistical difference was observed
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in the total number of withdrawals be-
cause of SAEs or inefficacy (RR=1.37,
95% C1=0.67-2.77, Fig. 8C).

Discussion

In consideration of both the benefit and
potential harm of biological agents,
the objective of our systematic review,
summarizing evidence from five RCTs,
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Smolen 2013 15 202 202 88.3% 1.36 [0.64, 2.90] ]
van Vollenhoven 2016 1 27 23 50% 2.57 [0.11, 60.24)
Westhovens 2015 1 58 50 66% 0.86 [0.06, 13.43] =
Total (95% CI) 287 275 100.0% 1.37 [0.67, 2.77] N
Total events 17 . . . ,
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Test for overall effect: Z = 0.86 (P = 0.39)

Favours [continuation]

Favours [down-titration]

Fig. 8. Withdrawal because of toxicity or inefficacy in the down-titration group versus continuation group: (A) Withdrawal due to SAEs, p=0.69; hetero-
geneity: p=0.51, I’=0%. (B) Withdrawal due to lack of efficacy, p=0.51; heterogeneity: p=0.31, I’=1%. (C) Total withdrawals due to lack of efficacy or

SAEs, p=0.88; heterogeneity: p=0.39, ’=0%.

was to examine whether the dose of
biological DMARDs could be reduced
in RA patients with low disease ac-
tivity or in remission. The results of
this meta-analysis, involving various
drugs, including ETN, ADA, and ABA,
demonstrated no significant increase in
disease relapse by reduction/tapering
therapy as compared with continuation
therapy, while continuing biologics
conveyed no significant benefit accord-
ing to clinical indexes.

In regard to safety, the occurrence of
overall SAEs or serious infection was
similar between down-titration therapy
and continuation therapy, although it
has been thought to be dose-dependent,
which might be explained by “dilution
of the susceptible” or “healthy survivor
bias” (21). Patients at a higher risk of
infection tended to stop DMARDs more
quickly after treatment initiation and

were less likely to achieve sustained
remission with such treatment modifica-
tions. The simplest criterion of a benefit/
risk ratio for drug evaluation is when a
drug is withdrawn because of lack of
efficacy or onset of SAEs. Our meta-
analysis suggested that the incidence of
discontinuation of treatment because of
toxicity or inefficacy in down-titration
strategies with biologics was the same
as with continuation of biologics.

Two observational studies are probably
more relevant to address the question
of biologics down-titrating. Van der
Maas et al. (22) was the first team to
combine down-titration and discon-
tinuation of biologic treatment (inflixi-
mab), but found no relevant deteriora-
tion of disease activity in patients with
long-standing low disease activity.
van Herwaarden et al. (23) found that
77% and 55% of patients with low dis-
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ease activity had successfully reduced
the dose of tocilizumab (8 mg/kg at
baseline tapered to 4 mg/kg) after 3
and 6 months follow-up, respectively,
without compromising disease con-
trol (DAS28 >3.2 and/or judgement
of the rheumatologist). Three other
RCTs, comparing dose reduction treat-
ment with continuation treatment, were
not included in our meta-analysis be-
cause of differences in the definition
of flare (16-18). Nonetheless, these
trials reported a higher risk of failing
to achieve remission by increasing the
interval of injections, reducing dosage,
or withdrawal of DMARD:s.

Our results provide evidence to a re-
cently published, long-term, follow-up
study, where 81.8% patients in the ETN
half-dose group maintained remission
for about 3.6 years, with no significant
difference in the rate of radiographic



REVIEW

progression between the standard-dose
group and the half-dose group (18). Two
previous systematic reviews compared
dose reduction or tapering with continu-
ation therapy (9, 24). Van Herwaarden
et al. (9) reported that reducing doses
of anti-TNF-a therapy was slightly less
beneficial than with continuation thera-
py in regard to the proportion of patients
who maintained low disease activity, in-
cluding RA remission and non-failure.
Kuijper et al. (24) found that more than
one-third of RA patients with low dis-
ease activity or in remission may taper
or stop biological DMARD treatment
without experiencing disease relapse
within the first year. However, these
findings could not be compared with our
study because of the inclusion of half-
dose, tapering, and stop strategies.
There were some important limitations
to this systematic review that should be
addressed. First, the numbers of includ-
ed studies and drugs were relatively low
in this meta-analysis. Second, the inclu-
sion criterion of patients was somewhat
overlapped among studies, as one in-
cluded patients in remission (19) and
three included patients with stable low
disease activity (10, 11, 15). Nonethe-
less, this meta-analysis provides useful
information that reducing the dosages
of biological DMARDs may be a prac-
ticable strategy to maintain low disease
activity. However, clinical trials on this
issue involved very few drugs and de-
fined flare differently across studies,
rendering it difficult to make mean-
ingful comparisons across studies. So,
further studies should include other bi-
ological DMARDs and use a validated
flare criterion. Long-term efficacy and
safety should be evaluated to determine
optimal dosages, while minimising the
incidence of side-effects and cost, and
satisfying the precondition of efficacy.
In conclusion, in consideration of the
balance between efficacy and safety,
our systematic review found no sig-
nificant benefit of continuing biological
DMARDs as compared with down-ti-
trating biological DMARDs. Nonethe-
less, further trials are needed to eluci-
date the long-term efficacy and safety
of DMARD:s.
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