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Abstract
Background—Magnetic resonance imaging (MRI) of lesions in the brain may be the best current
candidate for a surrogate biological marker of clinical outcomes in relapsing remitting multiple
sclerosis (MS), based on its role as an objective indicator of disease pathology. No biological
surrogate marker has yet been validated for MS clinical outcomes.

Objective—The objective of this study was to use a multi-phased study to determine if a valid
surrogate relationship could be demonstrated between counts of contrast enhancing lesions (CELs)
and occurrence of relapses in MS.

Methods—We examined correlations for the concurrent and predictive relationship between CELs
over 6 months and MS relapses over the same 6 months and an additional 6 months (total: 12 months),
using available data on untreated patients from a large clinical trial and natural history database.

Results—Concurrent and predictive correlations were inadequate to justify continuation of this
study to the planned additional phases required to demonstrate a surrogate relationship between CELs
and MS relapses.

Conclusions—Confidence intervals for correlations between CELs and MS relapses exclude the
possibility that CELs can be a good surrogate for relapses over the time scales we investigated. Further
exploration of surrogacy between MRI measures and MS clinical outcomes may require improved
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datasets, the development of MRI techniques that couple better to clinical disease, and the ability to
test a wide range of imaging- and clinically-based hypotheses for surrogacy.
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multiple sclerosis; magnetic resonance imaging; gadolinium enhanced lesions; surrogacy; prognosis;
correlations

Introduction
Clinical outcomes from pivotal therapeutic trials of new agents for multiple sclerosis (MS) are
the only measures accepted by regulatory agencies and, generally, by the MS clinical
community. These have included rate of relapses and accumulation of disability, primarily
assessed using the Expanded Disability Status Scale (EDSS). Statistical differences in these
measures of clinical importance have led to marketing approval for six agents in four distinct
therapeutic classes [1–6]. With more therapies available, it has become practically and ethically
difficult to design and implement multiyear placebo-controlled randomized clinical trials.
Shorter trials based on surrogate outcomes using fewer patients are of interest when
determining a clinical outcome is impractical, inconvenient, uncomfortable, or intolerable for
subjects [7–10]. Changes in MS brain lesion patterns determined by magnetic resonance
imaging (MRI) reflect changes in underlying disease pathology [7–9,11], providing a strong
theoretical basis for surrogacy.

Unvalidated MRI surrogate outcomes are accepted for earlier Phase II clinical trials in MS to
demonstrate biological activity, provide proof of concept for a potential new treatment, and
guide further protocol development [8,12]. Unvalidated surrogates might also find regulatory
favor if treatment effects on these measures are reasonably likely to predict treatment effects
on clinical outcomes and when the agent being tested is found to have ‘meaningful benefit over
existing therapies’ [8]. However, MRI outcomes have not been validated as surrogates for
clinical outcomes in MS. In the absence of a rigorously validated surrogate endpoint, the
primary endpoint for any pivotal therapeutic trial should be clinical [13].

Formal validation of a surrogate is not an easy task. A surrogate outcome is considered valid
for a specific intervention if the surrogate is correlated with the true clinical outcome and the
impact of the intervention on the true clinical outcome is accurately captured by its effect on
the surrogate outcome [14]. A change in a valid surrogate outcome must predict a change in
the true clinical outcome. In a clinical trial, this is achieved if a therapy affects the true clinical
outcome mediated through its effect on the surrogate outcome and there are not other important
pathways of impact on the true outcome that bypasses the surrogate (Figure 1). While surrogacy
might be demonstrated in a particular clinical trial setting with one class of agent, without
appropriate prospective trials or retrospective meta-analyses, the overall validity of a proposed
surrogate for any disease cannot be assumed for different clinical trials settings or for different
classes of interventions.

To demonstrate that an imaging outcome is a valid surrogate for MS clinical trials, an adequate
natural history and treatment database is needed that captures both clinical and imaging data
at regular intervals and which can be subject to statistically rigorous meta-analyses [8].
Modeling of extant data can then lead to prospective studies where the concept of surrogacy
can be evaluated in a trials setting. A large database resource resides at the Sylvia Lawry Centre
for MS Research (SLCMSR). The authors developed a tiered multi-phased strategy for
assessing the validity of using contrast enhancing lesions (CELs) as a surrogate for relapses in
MS clinical trials using data from the SLCMSR resource. The periodic nature of both CELs
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and relapses and their apparent temporal association made this MRI measure a reasonable
candidate for which to begin a formal evaluation of surrogacy.

Methods
The dataset

When this work was carried out, the SLCMSR database included virtually all major past MS
natural history studies and usable data from the placebo arms from 31 past clinical trials in
MS. The datasets were provided under contractual agreements between the Centre and
investigators and corporate sponsors, agreements that among other restrictions rigorously
protect the anonymity of the data source. The SLCMSR randomly splits the dataset into an
open fraction and a closed fraction that is held back to allow validation of the major findings
from the analyses on the open part. This policy was established to avoid the potential bias that
arises when a dataset is used to generate hypotheses and then formal statistical tests for those
hypotheses are carried out using the same dataset [15–17].

For the analyses in this paper, the authors required access to patient information from the
placebo arms of randomized controlled clinical trials and had access only to the open fraction
of the database. An interactive on-line query system was used to search for relevant qualifying
studies and patients. In all, 2714 patient-years of data from 1354 patients in placebo arms of
such studies were potentially informative for this analysis. Only a subset of these data, from
208 patients, were relevant for the current study, as it required availability of specific time-
sensitive information about MRI scans, the number of new CELs on each scan and information
about relapses for each patient (Figure 2). The data pool was heterogeneous since usable
subjects came from a variety of studies done at different times using different inclusion criteria,
different but contemporary imaging measures and different imaging analysis centers.

Project design
Through an iterative consensus process that included a survey of needed imaging and clinical
data resident in the SLCMSR database, the investigator team formulated a study with seven
potential phases. At the conclusion of each study phase, an assessment of the continued
feasibility of the project was to be made, considering the analysis outcomes at that phase and
the availability of needed data for the next phase. The overall project would terminate if any
of the phases were not successfully concluded.

We chose to begin with an assessment of correlations that would suggest surrogacy between
the number of new CELs per scan over 6 months of follow-up and: (a) the annualized relapse
rate over the same 6-month interval (to assess concurrent validity); and (b) the annualized
relapse rate over 12 months of follow-up (to assess predictive validity). The project included
the following phases:

Phase 1—A search of the open fraction of the SLCMSR database for patients who could
contribute data needed for the analysis. We used an on-line analysis tool to search the database
to determine how many studies and how many patients from each study fulfilled a set of study-
relevant operator-specified criteria for MRI and clinical relapse data.

Phase 2—A feasibility assessment, from the available dataset identified in phase 1, to
determine the strength of the relationship between annualized relapse rate and number of new
CELs per scan determined using all available scans for each patient. Correlations were
evaluated separately for each trial contributing a reasonable number of patients as well as for
the overall dataset. In addition, a ‘combined’ estimate of the correlation was evaluated using
a ‘fixed effects’ meta-analysis approach to combine the estimated correlations from the
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different trials. We agreed that phase 3 would be initiated only if the correlation between CELs
and relapse outcomes determined in phase 2 was sufficiently high (r > 0.5 was considered a
reasonable guideline) but that we would not rely solely upon a numerical ‘cut-off’ to make that
decision.

Statistical analysis—The statistical analysis in phase 2 consisted of correlation analyses
(Spearman rank and Pearson correlation coefficients with corresponding 95% confidence
intervals) to assess the concurrent and predictive relationships between relapse outcomes and
putative CEL surrogates. The ‘combined’ estimate of the correlation is the inverse transform
of the weighted average of the Fisher transforms of the different correlations with weights
given by ni – 3, where ni is the number of patients contributing data from the ith trial. Provided
the correlations do not exhibit evidence of heterogeneity across the trials, the ‘combined’
estimate provides a reasonable description of the level of correlation in the collection of trials.
The heterogeneity of the correlations across trials was assessed with Cochran’s chi-squared
test.

Phase 3—We planned to model the relationship between relapse outcomes and putative MRI
surrogate outcomes of interest, using data from placebo patients in the open fraction of the
SLCMSR database. The objective was to determine whether putative MRI surrogates continue
to be predictive of relapse outcomes after adjustment for baseline covariates that may be
important predictors for relapse outcomes. For these assessments, the annualized relapse rate
would be the clinical outcome of primary interest and those of secondary interest would be
time to first relapse and relapse-free status for patients. For CELs, the number of new lesions
per scan and the proportion of active scans were considered to be potential surrogates. Trial
identification, disease course, gender, disability as measured by the Expanded Disability Status
Scale (EDSS), age, disease duration, and prior relapses were considered to be potentially
important baseline covariates to be assessed.

Statistical analysis—A predictive (regression) model for the relapse outcome was to be
developed using a carefully guided stepwise forward selection procedure (with Poisson,
logistic and proportional hazards regression for relapse rate, relapse status and time to first
relapse). Each step would examine whether the putative CEL surrogate outcome continued to
add predictive capability beyond that provided by the included baseline covariates. Interactions
among the predictors and non-linear relationships were also to be considered. Detailed
diagnostic evaluation of the model at each step in this process was viewed as essential to
enhance confidence in the overall analysis.

Phases 4–7—In the initial study design, only phases 1–3 were outlined in detail. Assuming
successful completion of phases 1–3, subsequent phases were to include the following:

• Phase 4: Validation of major findings on the relationship between relapse outcomes
and putative MRI surrogates in placebo patients from the closed fraction of the
SLCMSR database.

• Phase 5: Acquisition of data on treated patients (in particular those who were part of
trials from which placebo patients were used in phase 2 of the study), to attempt to
replicate findings from placebo patients in similar treated patients. This would require
the solicitation and cooperation of original data donors to the SLCMSR database, with
a focus on obtaining data from trials of a variety of classes of medication.

• Phase 6: Replication of the model fit, to confirm the findings from prior phases on
treated patients.

Petkau et al. Page 4

Mult Scler. Author manuscript; available in PMC 2009 June 8.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



• Phase 7: Final assessment of surrogacy, to determine the extent to which treatment
effects seen in the surrogate CEL outcomes are predictive of treatment effects
observed in relapse outcomes. This would require analysis in trials for which both
placebo and treatment data are available, possibly with assessment in prospective
controlled clinical trials.

Results
Phase 1: Identifying the dataset

To undertake this analysis, an on-line analysis tool was adapted to search for data on placebo
patients from clinical trials in the SLCMSR database with relapsing-remitting and secondary
progressive MS or clinically isolated syndrome suggestive of MS. We identified trials and
patients who contributed clinical data and MRI scans at baseline (time of entry into the clinical
trial) and at 3 and 6 months of follow-up, and for whom counts were available of new CELs
for 6 months of follow-up and relapse rate information for 12 months of follow-up. Annualized
relapse rates over both 6 and 12 months of follow-up for patients with adequate imaging data
could be calculated for 208 patients from 11 separate trials, including 132 with relapsing-
remitting disease, 76 with secondary progressive disease, and none with clinically isolated
syndrome suggestive of MS (Figure 2). All but one of these 208 patients had at least six MRI
scans with new CEL counts available over the specified time period. This constituted the dataset
to be explored in the next phase of assessment.

Phase 2: Correlation between CELs and relapses
For the analysis of the relationship between CELs and relapses, Spearman and Pearson
correlations and corresponding 95% confidence intervals were calculated between the number
of new CELs per scan over 6 months of follow-up and the annualized relapse rate over the
same 6-month interval (to assess concurrent validity), and the annualized relapse rate over 12
months of follow-up (to assess predictive validity). The raw data for all n = 208 patients
presented in Figure 3 illustrates the low strength of these concurrent and predictive
relationships.

Figure 4 demonstrates the low correlation between these outcomes, in the individual trials and
overall, for both concurrent and predictive validity. Overall, both concurrent and predictive
correlations between numbers of CELs and relapses were close to zero in all analyses, using
both Spearman and Pearson estimates of correlation, with some negative correlations (Table
1 and 2). The estimates exhibited no evidence of heterogeneity across the trials (p > 0.50 for
both the concurrent and predictive relationships). Therefore, the level of correlation in these
trials can be reasonably described by the ‘combined’ estimates. The confidence intervals based
on the ‘combined’ Pearson estimates effectively exclude the possibility of strong linear
associations between numbers of CELs and relapses. This was also the case for the smaller
subset of patients identified with pure relapsing-remitting disease (n = 132, data not shown).

Discussion
This effort to demonstrate a surrogate relationship between new CELs and relapse rate in MS
clinical trials did not proceed beyond the phase 2 feasibility step. The strength of the necessary
correlations for both concurrent and predictive surrogacy was insufficient to sustain the
originally planned subsequent five phases of analysis. As per prior agreement the project as
initially designed was terminated at the conclusion of phase 2.

Correlations were initially assessed using the Spearman correlation coefficient, rS, which
showed weak but generally positive correlations (Table 1 and 2). Although rS describes the
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strength of association between two outcomes and can be used to assess whether an association
exists, it is not an estimate of the usual population correlation (ρ = Pearson’s measure of linear
association for a population) [18]. The objective of our study was to estimate the magnitude
of the usual population correlation rather than merely to assess whether the data provided
convincing evidence of a non-zero association (i.e., to test the null hypothesis that the
association was zero). Therefore, the Pearson correlation coefficient, rP, was used as an
additional estimator and for construction of 95% confidence intervals for the usual population
correlation between new CELs per scan and annualized relapse rate for concurrent and
predictive validity assessment. As illustrated in Figure 4, these confidence intervals included
the possibility of there being no correlation. Despite the significance of the ‘combined’
Spearman correlations for concurrent relapses and CELs (rS = 0.19, p = 0.01) and predictive
relapses and CELs (rS = 0.23, p = 0.003), the general pattern was of modest correlations in all
the individual trials and the confidence intervals based on the ‘combined’ Pearson estimates
effectively exclude the possibility of strong linear associations between numbers of CELs and
relapses (Figure 4).

This outcome has many possible causes. The most obvious, but not necessarily correct,
conclusion is that new CELs are not a surrogate for relapses in MS. However, there are other
explanations, including the short duration of the follow-up period for relapses we chose. A
more cautious conclusion is that, within the narrow imaging and relapse measures we
considered and the limitations of data available for analysis, we could not demonstrate a
hypothesized surrogate relationship. While the available sample for analysis was small, the
confidence intervals based on the combined Pearson estimates indicate CELs cannot be a good
surrogate for relapses, at least not for the time scales we investigated. Having access to a larger
dataset (perhaps by using the closed fraction as well as the open fraction of the database, which
we considered) would not likely have had any impact on this outcome: the complete database
would not have been expected to substantially change the estimated size of the true correlation
between CELs and relapses, but would mainly have shortened the length of the confidence
intervals and reduced the p-values.

In formulating the steps for this project, the authors were aware that the clinical trials that
contributed data to the SLCMSR dataset were done at different times and for different purposes
(and for purposes in no way related directly to this project). The studies were conducted by
different investigators using different MRI protocols and enrolled patients with different
demographics, disease type, duration, and severity. Information was not available for our
analysis about most of these potential covariant factors or for the potential effect of steroid
treatment on CELs. Further division of the sample as a consequence of such variables would
have further eroded the sample size, but these factors could possibly have impacted our
analysis. Only placebo subjects from clinical trials were available for analysis, as is essential
in any initial steps to evaluate surrogacy. Had the tested relationship been valid for this group
of ‘untreated’ subjects, testing surrogacy in treated subjects would have been an important
additional confirmatory step (as outlined in the description of phase 5 in the study plan).

The usefulness and limitations of the SLCMSR database with regard to study heterogeneity
have recently been explored [19]. In our analyses, in step-wise fashion, a potential database of
1354 placebo arm patients from clinical trials housed in the open fraction of the SLCMSR
database reduced to 208. This sample erosion was a consequence of the hypothesis that was
tested; we required subjects for whom there was on-study relapse information at both 6 and 12
months (which alone would have reduced the number of available subjects from 1354 to 1020)
and for whom information was available from CEL analysis at baseline, 3 and 6 months (which
alone would have reduced the number of available subjects from 1345 to only 238). The need
for subjects with both specified relapse and MRI information resulted in an overall attrition
from 1345 to 208 subjects. Different hypotheses or analytic plans may have resulted in more
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available subjects for analysis, but would not necessarily have resulted in a different outcome.
Sample attrition is a problem inherent in any large collection of data where there are multiple
data sources, no broadly applicable a priori unifying agreement about data field definitions,
and where the scientific questions are, by necessity, usually developed ‘post hoc’ well after
the stored data – which are usually collected for different reasons than the point of any given
later analysis – are aggregated.

Although the current study did not demonstrate correlations that would signal surrogacy
between a single easily-measured assessment of new CELs and clinical relapses in MS clinical
trials, the requirements for establishing surrogacy for any biological marker are complex [10,
14] and require large, and carefully constructed, datasets. Such datasets may need to be
established specifically for the purpose of assessing surrogacy. Previous work supports further
investigation of this premise. Statistically significant but modest correlations were found
between cumulative number of CELs and total number of relapses in both placebo and
treatment arms of a clinical trial of glatiramer acetate for relapsing-remitting MS [20]. A
European based clinical trial of interferon beta-1b for secondary progressive MS, also
demonstrated significant correlations between change in T2 lesion volume and change in
disability measured by EDSS; between cumulative number of active T2 lesions and both
change in disability and relapse rate; and in a subgroup of patient undergoing frequent monthly
scanning, a significant but modest correlation between number of active CELs over 6 months
and total relapses over 24 months [21]. From the same study, a significant correlation between
relapse rate and number of active T2 lesions over three years and between relapse rate and T2
lesion volume change over one year was found [22]. The relationship between imaging and
relapses was stronger than between imaging and progression of disability in this analysis,
leading the authors to suggest that using MRI measures alone to measure disability outcomes
in studies of secondary progressive disease could be problematic. Finally, a meta-analysis of
nine natural history and placebo controlled studies of both relapsing remitting and secondary
progressive MS, showed that the mean number of CELs in monthly scans over the first 6 months
of study moderately predicted relapse rate in the first full year, potentially indicating that our
concurrent outcome period of 6 months (and perhaps even our predictive outcome period of
12 months) was too short to accurately estimate the patients’ relapse rates [23]. However, the
data from the majority of the studies do not support investigation of longer periods of time. In
the meta-analysis, frequent scanning gave a better predictive value for relapses than a single
baseline scan but neither was valuable in predicting change in disability over one or two
subsequent years.24 None of these possibilities were pursued in a formal assessment of
surrogacy.

A strength of our study was the development of a strict analysis plan before data analysis which
should have reduced the probability to produce false positive findings [16]. However, it may
have been limited by our initial hypothesis which focused solely on the controversial topic of
MRI surrogacy for clinical relapses and which therefore placed restrictions on the measures of
CELs and relapses that were considered for surrogacy evaluation. We did not explore any other
potential surrogacy relationship like the value of clinical variables such as pre-study relapse
rate, disability, or disease duration in predicting future relapses, which has been explored
elsewhere [25]. While our chosen measures, the number of CELs per scan and the annualized
relapse rate, are among the most simple to explore, it is possible that more sophisticated
approaches to both imaging and relapse outcomes would reveal stronger correlations
suggestive of surrogacy. For instance, the appearance of some threshold number of CELs on
a single scan at any point might increase the relative risk for a clinical exacerbation over some
limited epoch of time; or cumulative numbers of new CELs above a predetermined threshold
level on serial imaging might better predict future relapses at various specified times post-scan.
Other MRI lesion activity measures warrant investigation in future studies, such as lesion
volume, counts of new T2 lesions which may be more sensitive than new CELs [6] and more
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sophisticated measures such as magnetization transfer ratio imaging, which has recently been
shown to have potential predictive value for accumulation of disability [24]. Finally, lesion
location and morphology (for instance the presence of ring enhancement) and the relative
clinical eloquence of the lesion may also be a factor in surrogacy for clinical outcomes. These
hypotheses were not tested in our analysis. Further exploration of surrogacy between MRI
measures and MS clinical outcomes might be enhanced by development and validation of MRI
techniques that better reflect disease pathology, improved standardization across trials and
imaging centers, composite MRI measures and enhanced automated image analysis.
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Figure 1.
Surrogates of clinical outcomes. For an ideal surrogate the intervention must act through a
surrogate in a manner that is directly expressed on the true clinical outcome (upper panel).
Surrogates may fail to predict the clinical outcome even if modified by the intervention when
the surrogate is not in the causal pathway of the disease process (middle panel). In the example
of a treatment effective in only the pathway represented by arrow 1, the surrogate will be
affected but the clinical outcome cannot be affected. If the therapy is active only on the pathway
represented by arrow 2, the surrogate is NOT affected and yet the treatment has a true effect
on the disease process and a beneficial outcome. If active only on the pathway represented by
arrow 3, neither the surrogate nor the disease is affected by the treatment, but a symptomatic
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effect might lead to a misinterpreted drug effect, as might occur for the use of baclofen for
spasticity. Finally, the surrogate could reside in the causal pathway of the disease process, but
multiple processes are active with different effects of the treatment on these (lower panel). In
this example the surrogate will be affected by therapy but its relationship to the clinical outcome
will be diluted by an effect of the treatment on a more important downstream pathway
connected to the beneficial outcome, and an additional symptomatic effect of therapy will
distort interpretation of the drug effect and further dilute the effect on the surrogate.
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Figure 2.
Flow chart of data selection from the SLCMSR database.
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Figure 3.
Number of new contrast enhancing lesions per scan over 6 months for n = 208 patients from
11 clinical trials versus 6-month relapse rate (concurrent validity) and versus 12-month relapse
rate (predictive validity).
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Figure 4.
Graphical display of the correlation between new contrast enhancing lesions per scan and
relapse rate for concurrent and predictive validity.
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