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Introduction: There is no consensus about short-term suboptimal response to first-line treatments in relapsing-
remitting multiple sclerosis.
Methods:Wesearched studieswith interferon beta or glatiramer acetate inwhich a long-term (≥2 years (y)) out-
come could be predicted using short-term (≤1 y) suboptimal response criteria (EDSS-, imaging- and/or relapse-
based).Weobtained pooled diagnostic accuracy parameters for the 1-y criteria used to predict disability progres-
sion between 2–5 y.
Results: We selected 45 articles. Eight studies allowed calculating pooled estimates of 16 criteria. The three
criteria with best accuracy were: new or enlarging T2-weighted lesions (newT2) ≥ 1 (pooled sensitivity:
85.5%; specificity:70.2%; positive predictive value:48.0%; negative predictive value:93.8%), newT2 ≥ 2 (62.4%,
83.6%, 55.0% and 87.3%, respectively) and RIO score ≥ 2 (55.8%, 84.4%, 47.8% and 88.2%). Pooled percentages of
suboptimal responders were 43.3%, 27.6% and 23.7%, respectively. Pooled diagnostic odds ratios were 14.6
(95% confidence interval: 1.4–155), 9.2 (1.4–59.0) and 8.2 (3.5–19.2).
Conclusions: All criteria had a limited predictive value. RIO score ≥ 2 at 1-y combined fair accuracy and consisten-
cy, limiting the probability of disability progression in the next years to 1 in 8 optimal responders. NewT2 ≥ 1 at 1-
y had similar positive predictive value, but diminished the false negatives to 1 in 16 patients. More sensitivemea-
sures of treatment failure at short term are needed.

© 2015 Elsevier B.V. All rights reserved.
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1. Introduction

Multiple Sclerosis (MS) is a chronic disease of the central nervous
system (CNS) characterized by inflammation and destruction of myelin
and axons [1,2]. In most patients, the disease has a relapsing-remitting
course during the first years, with repeated episodes of relapses.Within
10 years, approximately 50% of patients progress to secondary progres-
sive MS (SPMS). Due to the variability in the clinical presentation and
the heterogeneity in the response to disease-modifying therapies
(DMTs), the long-term individual prognosis of disease is not yet feasible
in an accurate manner.

Several DMTshave demonstrated sustained reduction of relapse rate
and delayed disability progression versus placebo in relapsing–
remitting multiple sclerosis (RRMS) [3–6]. Currently, authorized first-
line treatments are considered equally effective, and include interferon
beta (IFN-β) and glatiramer acetate (GA). In clinical trials with these
therapies, outcomes of non-response (24months after treatment initia-
tion) have been defined based on several criteria, such as disability pro-
gression, relapse rate, increased burden or activity detected bymagnetic
resonance imaging (MRI), or further neurologic or cognitive impair-
ment [3–6].

Within the first months after DMT initiation, most patients already
show persistent clinical activity, whichmay be considered as a subopti-
mal response. In these cases, possible strategies include switching to an-
other first-line DMT or to a second-line DMT [7]. Natalizumab and
fingolimod have demonstrated high efficacy and effectiveness in pa-
tients previously non-responding to IFN-β or GA. An accurate and time-
ly assessment of suboptimal response in this period would allow an
early switch before neurological damage progresses too much.

Since the commercialization of the first IFN-β in 1993, many differ-
ent criteria based on relapses, disability progression, MRI or combina-
tions of these have been proposed for defining suboptimal response.
In 2004, the CanadianMultiple SclerosisWorking Group developed rec-
ommendations based on monitoring relapses, neurological progression
and MRI activity [8], which were subsequently evaluated in several co-
horts [9,10]. The Rio score has been recently proposed. This score is
based on disability progression, relapses andMRI [11], whichwas tested
(and further modified and refined) in other cohorts [12–14]. Other
criteria have also been defined by the European Medicines Agency in
the label specifications of second-line drugs [15] or by the drug agencies
of several countries, such as Italy [16]. The absence of an international

consensus definition is probably due to several causes: the lack of a cri-
terion with high predictive value and/or validated in sufficient number
of patients, different follow-up procedures among centers, different reg-
ulatory criteria among countries, etc.

In the selection of an optimal predictive criterion, there is usually a
trade-off between the measures of performance. The best criterion
should be characterized by the lowest possible number of “false posi-
tives” (i.e. patients in whom treatment is unnecessarily switched) and
by the lowest possible number of “false negatives” (i.e. patients in
whom treatment is not switched despite having suboptimal response).
Since both categories are inversely correlated and strongly associated to
the degree of restriction imposed by the selected definition (Fig. 1), the
more restrictive criteria fail to detect a significant number of suboptimal
responders, whereas the less restrictive ones lead to an unacceptable
rate of false positives.

The objectives of the present systematic reviewwere: to describe all
criteria that have been used in the literature to define long-term
(≥2 years since treatment initiation) and short-term (≤2 years since
treatment initiation) non-response to IFN-β or GA; to describe the pre-
dictive value of the short-term suboptimal response criteria for long-
term non-response and to calculate the pooled diagnostic accuracy pa-
rameters in those criteria used inmore than one cohortwith similar def-
inition of long-term non-response (increase in EDSS ≥ 1 between 2 and
5 years after treatment initiation).

2. Methods

See extended version in Annex 1 (online).

2.1. Literature search and eligibility criteria

Studies were searched in Pubmed, SCOPUS (MEDLINE, EMBASE),
Web of SCIENCE and the lists of references of articles. The search was
done on July 2nd, 2014 (Fig. 2).

We limited the search to articles published between 1993 and 2014
and written in English language (see Annex 2 for detailed search strat-
egy). The retrieved manuscripts were further selected according to the
additional criteria: adults aged 18 years and over; RRMS diagnosis;
treatmentwith IFN-ß or glatiramer; one ormore short-term suboptimal
response criteria (including at least EDSS and/orMRI parameters and/or
relapse rate) measured post-treatment initiation (at a maximum of

Fig. 1. Relationship between restrictiveness and predictive value of the clinical and radiological suboptimal response criteria used to predict long term non-response to first-line DMTs in
RRMS (FN= false negatives; FP = false positives; y = year).
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