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ABSTRACT

Objective: In multiple sclerosis (MS), the aim of therapies is to prevent the accumulation of irreversible disability. This is difficult to assess given the short time course of clinical trials. MRI
markers and relapses are often used as surrogate of disability in MS studies, but their validity
remains controversial. We sought to validate, at the individual patient level, MRI lesions and relapses as surrogates for disability progression over the course of MS trials.
Methods: Individual patient data from a large, placebo-controlled trial of interferon ␤-1a in
relapsing-remitting MS (RRMS) were analyzed. The Prentice criteria were applied to evaluate
surrogacy of 1-year MRI active lesions and relapses for disability worsening (Expanded Disability
Status Scale [EDSS]) over the 2-year follow-up.

Results: All Prentice criteria were satisfied. Treatment reduced by 31% the odds of having EDSS
worsening over 2 years, reducing the mean number of MRI lesions by 61% and the mean number
of relapses by 36% over 1 year. Both 1-year MRI lesion activity and relapses, when considered
independently, accounted for more than 60% of the treatment effect on 2-year EDSS worsening.
A combination of 1-year MRI lesion activity and relapses explained 100% of the treatment effect
on EDSS worsening over 2 years.
Conclusions: A combined measure of 1-year changes in MRI lesions and relapses after interferon
therapy fully estimated the corresponding effect on 2-year EDSS worsening. This short-term
combined measure appears to be a surrogate for disability progression over a longer term when
evaluating the effect of interferon in RRMS. Neurology® 2011;77:1684–1690
GLOSSARY
CI ⫽ confidence interval; EDSS ⫽ Expanded Disability Status Scale; IFN ⫽ interferon; ITT ⫽ intention-to-treat; MS ⫽ multiple
sclerosis; NB ⫽ negative binomial; OR ⫽ odds ratio; PD ⫽ proton density; PRISMS ⫽ Prevention of Relapses and disability by
Interferon beta-1a Subcutaneously in Multiple Sclerosis; PTE ⫽ proportion of treatment effect; RR ⫽ relative risk; RRMS ⫽
relapsing-remitting multiple sclerosis.
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A main focus of clinical research in multiple sclerosis (MS) is the identification of therapeutic agents able to prevent long-term disability, assessed by the Expanded Disability
Status Scale (EDSS).1 However, the poor sensitivity of EDSS makes disability scores not
ideal as primary endpoints for clinical trials. This is why major effort has been dedicated to
validating “surrogate” endpoints to be used in MS trials in place of the “true” clinical
outcome of interest.2-8
MRI markers are commonly the primary endpoints in phase II MS clinical studies.9-14 For
phase III trials, clinical relapses are currently used as primary endpoints.15,16 MRI markers and
relapses can be measured earlier and more easily than disability progression, but whether
changes induced by a therapy on such endpoints reliably predict treatment effect on disability
progression is a matter of discussion.17-19
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Prentice20 formulated 4 criteria for validating
surrogates at the individual level. This approach
has been applied to individual patient data from
glatiramer acetate4 and interferon (IFN)5,6 trials
to validate MRI markers as surrogates for relapses and disability. Using the alternative triallevel approach, a significant correlation was
found between treatment effects on relapses and
treatment effects on EDSS worsening.8 However, surrogacy of relapses for disability has never
been assessed at the individual level.
Against this background, we performed an
individual patient analysis from a large pivotal
trial, evaluating the effect of IFN␤-1a in
relapsing-remitting multiple sclerosis (RRMS)
to assess the relationship between EDSS worsening and its most frequently used surrogates:
MRI active lesions and clinical relapses.
METHODS Patients. The dataset comprised 560 patients
with RRMS enrolled in the Prevention of Relapses and disability
by Interferon beta-1a Subcutaneously in Multiple Sclerosis
(PRISMS) study.21 In this double-blind, placebo-controlled trial,
patients were randomized (1:1:1) to receive recombinant IFN␤1a, 22, 44 g, or placebo subcutaneously 3 times weekly for 2
years. Additional trial details including design, inclusion/exclusion criteria, and patients’ clinical and MRI characteristics are
reported extensively elsewhere.21,22 Briefly, all the patients had 5
biannual proton density/T2-weighted (PD/T2) MRI scans
(baseline and follow-up scans at 6, 12, 18, and 24 months) that
were reviewed in sequence. Active lesions were defined as the sum of
“new T2 lesions” (those never seen before), “recurrent T2 lesions”
(those reappearing at the site at which an earlier lesion had disappeared), and “enlarging T2 lesions” (those showing an identifiable
increase in size from a previously stable-appearing lesion).
All the analyses were run on the intention-to-treat (ITT)
population. Sensitivity analyses were conducted on the subgroup
of patients with complete 1-year and 2-year follow-up.

Standard protocol approvals, registrations, and patient
consents. The original study (clinical trial identifier number
6789) was approved by institutional review boards in the participating centers. All patients gave written informed consent.

Outcome measures. Progression of disability, defined as an
EDSS increase ⱖ1 point over the follow-up period sustained for
ⱖ3 months, was considered the true clinical outcome. Patients
censored before 2 years were included as nonprogressed in the
ITT analysis, and were excluded from the analyses on the subgroups with complete follow-up.
Two potential short-term surrogates for disability progression were evaluated: a relapse endpoint, defined as the total
number of relapses counted over the first year, and an MRI endpoint, defined as the number of MRI active lesions as defined in
the trial protocol21,22 counted over the first year. MRI lesion activity was assessed centrally (University of British Columbia MS/
MRI Research Group). Improvement of disability was also
assessed and defined as an EDSS decrease ⱕ1 point over the
follow-up period sustained for ⱖ3 months.

Statistical analyses. Since the results of surrogacy validation
did not change by keeping the 2 treatment arms separate, the
analysis was simplified by pooling data into one treatment
group.
Comparisons of EDSS changes between treatment arms
were assessed by a Mann-Whitney U test and differences in proportions of progressing and improving patients by a 2 test. The
regression models used are detailed in appendix e-1 on the Neurology® Web site at www.neurology.org.
Briefly, the probability of disability progression at 2 years
was modeled by unconditional logistic regression models, where
treatment group, number of 1-year MRI active lesions, and
number of 1-year relapses were introduced, in turn, as covariates.
The strength of the association between each covariate and the
probability of disease progression was expressed using the odds
ratio (OR). An analysis based on binary events was preferred to a
survival analysis. The analysis, in fact, was intended to detect a
correlation between the number of MRI active lesions and relapses and the event of progression, rather than to study an exact
temporal relationship between these events.
The surrogacy of 1-year MRI activity and clinical relapses for
disability at the end of the follow-up was tested using the 4
Prentice operational criteria.20 The first Prentice criterion requires a significant treatment effect on the surrogate. The treatment effect on MRI active lesions was evaluated using a negative
binomial (NB)23 regression model and expressed as a relative risk
(RR) representing a mean lesion number ratio. The treatment
effect on relapse occurrence was assessed using a NB regression
model, and expressed as a RR representing the ratio between the
mean number of relapses in the IFN and placebo-treated groups.
The second criterion requires a significant treatment effect
on the clinical outcome. The treatment effect on the risk of
disability progression was assessed, as specified above, using a
logistic regression model, and expressed as an OR.
The third criterion requires a significant correlation between
the surrogate and the clinical outcome. Correlation between
MRI active lesions and relapses with disability progression was
evaluated using the same logistic regression model, with disability progression as the dependent variable and MRI active lesions
and relapses as the covariates.
Finally, the fourth Prentice criterion requires that the treatment effect on the clinical outcome disappear and become nonsignificant when adjusting for the surrogate. The absorption of
the treatment effect on disability progression by MRI active lesions and relapses was assessed evaluating whether the treatment
effect on disability progression decreases approaching zero when
adjusting for these variables in the logistic model.
Three analyses were performed:
1. Evaluation of the role of 1-year MRI active lesions as
individual-level surrogate for the risk of disability progression
over 2 years.
2. Evaluation of the role of 1-year clinical relapses as
individual-level surrogate for the risk of disability progression over 2 years.
3. Evaluation of the combination of 1-year MRI active lesions
and relapses as individual-level surrogate for the risk of disability progression over 2 years.
To quantify the validity of surrogates, an additional measure
was estimated: the proportion of treatment effect (PTE)24 on
disability progression that could be attributed to benefits on
MRI active lesions and relapses. For a “perfect” surrogate, the
PTE would be 100%, indicating the absence of residual treatment effect after adjusting for the given marker. When there is
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Table 1

MRI and clinical outcomes for
the patients included in the
surrogacy analysis
Placebo
(n ⴝ 187)

Interferon ␤-1a
(n ⴝ 373)

MRI T2 active lesions,
mean (range)
1 year
2 years

7.6 (0–69)

2.9 (0–49)

12.8 (0–89)

5.5 (0–73)

Relapses, mean
(range)
1 year

1.5 (0–5)

2 years

2.6 (0–10)

0.96 (0–5)
1.8 (0–10)

1 year

29 (3)

18 (2)

2 years

37 (4)

29 (2)

no decrease in treatment effect when adjusting for a given
marker, the PTE would be 0%, reflecting the absence of surrogacy for that marker. Confidence limits for the PTE were estimated by a bootstrap resampling technique.
The validity of the combination of 1-year MRI lesions and
relapses as surrogate for 2-year disability was also evaluated plotting the proportion of patients with a disability progression per
treatment arm after adjustment for a combined MRI/relapse
score. The individual patient combined MRI/relapses score was
calculated using the coefficients estimated by the logistic regression as follows:
MRI/relapses score ⫽ B ⫻ 共number of 1-year MRI lesions兲
⫹ C ⫻ 共number of 1-year relapses兲.
where B and C are the estimated coefficients. The score was
categorized in tertiles and the proportion of patients with a disability progression per treatment arm was plotted according to
the 3 groups defined by these tertiles.
RESULTS Longitudinal data relative to the MRI
and clinical outcomes of patients included in the analysis are reported in table 1. The average EDSS change
over the 2-year follow-up period was ⫹0.30 EDSS
point (SD ⫽ 1.1) for the placebo and ⫹0.04 EDSS
point (SD ⫽ 1.1) for the IFN group (p ⫽ 0.013). Over
the 2 years of follow up, 31.5% of patients experienced
a sustained EDSS progression (37% in the placebo arm,
29% in the IFN arm, p ⫽ 0.049), while 18% of patients had a sustained EDSS improvement (17% in the
placebo and 20% in the treatment arm, p ⫽ 0.36). The
results of the analysis of 1-year MRI active lesions and
relapses as surrogate for the risk of disability progression
on the ITT cohort over the whole follow-up are reported in table 2. Sensitivity analysis gave similar results
(data not shown).

Effect of treatment on 1-year MRI active lesions and
relapses (first criterion). The treatment reduced the

mean number of MRI active lesions counted over the
Neurology 77

Effect of treatment on disability progression over 2
years follow-up (second criterion). The therapeutic

benefit on disability progression, expressed as the
OR, showed a benefit of IFN treatment over placebo
(OR ⫽ 0.69, 95% CI ⫽ 0.47– 0.99, p ⫽ 0.049).
Association of 1-year MRI active lesions and relapses
with disability progression (third criterion). The risk

Proportion of patients
with disability
progression (SE), %
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first year of therapy by 61% in patients with RRMS
(RR ⫽ 0.39, 95% confidence interval [CI] ⫽ 0.31–
0.49, p ⬍ 0.0001). The treatment was also effective
in reducing the mean number of relapses over the
first year of follow-up: the relative reduction was
36% (RR ⫽ 0.64, 95% CI ⫽ 0.55– 0.75, p ⬍
0.0001).
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of progression was associated with the number of
1-year MRI active lesions (OR ⫽ 1.06, 95% CI ⫽
1.03–1.08, p ⬍ 0.0001). The number of relapses
over 1 year also strongly affected the risk of disability
progression over the entire follow-up period (OR ⫽
1.58, 95% CI ⫽ 1.35–1.86, p ⬍ 0.0001). When
both 1-year MRI active lesions and relapses were included into a multivariate logistic model, they were
independently associated with the risk of disability
progression (MRI active lesions: OR ⫽ 1.04, 95%
CI ⫽ 1.01–1.06, p ⫽ 0.006; relapses: OR ⫽ 1.49,
95% CI ⫽ 1.26 –1.76, p ⬍ 0.001).
One-year MRI active lesions and relapses as surrogate
for disability progression (fourth criterion). The effect

of IFN␤-1a on disability progression over the
follow-up period decreased when adjusting for the
number of 1-year active MRI lesions or relapses,
meeting in both cases the fourth Prentice criterion
(see residual treatment effects, ␤S, in table 2). Both
active MRI lesions and relapses, when considered independently, were able to account for more than
60% of the treatment effect on disability progression
(table 2). Remarkably, no residual benefit from treatment on disability progression was detectable when
the combination of both 1-year MRI active lesions
and 1-year relapses were included in the logistic
model (␤S1,2 ⫽ 0.0; OR ⫽ 1.00, 95% CI ⫽ 0.66 –
1.51; p ⫽ 0.99). As a consequence, the PTE of the
combination of 1-year MRI active lesions and relapses on the proportion of patients with a disability
progression over 2 years was 100%. Using the coefficients (weights) coming from the multivariate logistic model (coefficients ␥1 and ␥2 in table 2), MRI
active lesions and relapses were combined into a
composite score:
MRI/relapse score ⫽ 0.036 ⫻ (number of
1-year MRI active lesions) ⫹ 0.40 ⫻ (number of
1-year relapses).
As shown in the figure, there were no differences
between the treatment arms within the groups de-

Table 2

MRI T2-active lesions and relapses over 1 year as a surrogate for disability progression over the follow-up perioda
Prentice criteria

Surrogate

1st criterionb

2nd criterionc

3rd criteriond

4th criterione

Active T2 lesions

␣1 ⫽ ⫺0.93 (0.12);
RR ⫽ 0.39 (0.31–0.49);
p ⬍ 0.0001

␤ ⫽ ⫺0.37 (0.19);
OR ⫽ 0.69 (0.47–0.99);
p ⫽ 0.049

␥1 ⫽ 0.053 (0.013);
OR ⫽ 1.06 (1.03–1.08);
p ⬍ 0.0001

␤S1 ⫽ ⫺0.14 (0.19);
OR ⫽ 0.87 (0.58–1.29);
p ⫽ 0.48

63 (20–215)

Relapses

␣2 ⫽ ⫺0.44 (0.08);
RR ⫽ 0.64 (0.55–0.75);
p ⬍ 0.0001

␤ ⫽ ⫺0.37 (0.19);
OR ⫽ 0.69 (0.47–0.99);
p ⫽ 0.049

␥2 ⫽ 0.46 (0.08);
OR ⫽ 1.58 (1.35–1.86);
p ⬍ 0.0001

␤S2 ⫽ –0.15 (0.20);
OR ⫽ 0.86 (0.58–1.28);
p ⫽ 0.47

61 (15–234)

Both

␣1 ⫽ ⫺0.93 (0.12);
RR ⫽ 0.39 (0.31–0.50);
p ⬍ 0.0001;

␤ ⫽ ⫺0.37 (0.19);
OR ⫽ 0.69 (0.47–0.99);
p ⫽ 0.049

␥1 ⫽ 0.036 (0.13);
OR ⫽ 1.04 (1.01–1.06);
p ⫽ 0.006;

␤S1,2 ⫽ 0.00 (0.21);
OR ⫽ 1.00 (0.66–1.51);
p ⫽ 0.99

100 (32–311)

␣2 ⫽ ⫺0.44 (0.08);
RR ⫽ 0.64 (0.55–0.75);
p ⬍ 0.0001

PTE, %

␥2 ⫽ 0.40 (0.09);
OR ⫽ 1.49 (1.26–1.76);
p ⬍ 0.0001

Abbreviations: OR ⫽ odds ratio; PTE ⫽ proportion of treatment effect; RR ⫽ relative risk, calculated as exp (coefficient).
a
Coefficients are reported with their standard errors: ␣1 ⫽ treatment effect on MRI lesions; ␣2 ⫽ treatment effect on relapses; ␤ ⫽ treatment effect on
disability; ␥1 ⫽ association of MRI lesions and disability; ␥2 ⫽ association of relapses and disability; ␤S1 ⫽ residual treatment effect on disability after
adjusting for MRI lesions; ␤S2 ⫽ residual treatment effect on disability after adjusting for relapses; ␤S1,2 ⫽ residual treatment effect on disability after
adjusting for both MRI lesions and relapses. For further statistical details, see the text. RR and OR are followed by their 95% confidence intervals.
b
The first Prentice criterion requires that a given treatment is effective on the surrogate endpoint. Significant p values indicate that the treatment was
effective on reducing the number of MRI T2-active lesions or the number of relapses.
c
The second Prentice criterion requires that a given treatment is effective on the clinical endpoint of interest. The significant p value indicates that the
treatment was effective in reducing the risk of disability progression over the study period.
d
The third Prentice criterion requires that the clinical endpoint of interest and the surrogate endpoints are correlated. Significant p values indicate that
this was the case for disability and the number of MRI T2-active lesions or relapses.
e
The fourth Prentice criterion requires that the effect of the treatment on the clinical endpoint is mediated through an effect on the surrogate endpoint.
This is assessed by evaluating whether treatment effect on the risk of disability progression disappears once adjusted for the surrogate endpoint.

fined according to the tertiles of the score. This is a
visualization of the absence of residual benefits on
EDSS worsening from treatment in any of the
groups defined by the combined score, indicating a
good level of surrogacy of the combined 1-year MRI
lesions/relapses score for 2-year disability.
The validation of surrogate markers
is a complex process based on cumulative evidence
that needs to be provided at both the trial and individual levels.25 Trial-level surrogacy requires an association, at the level of the trial, between the effects of
a treatment on the surrogate and the clinical endpoint. In the MS field, the trial-level surrogacy of
both MRI lesions and relapses vs the true endpoint
“EDSS worsening” has been recently addressed in a
large meta-analysis of randomized studies.8
Individual-level surrogacy requires a causal relationship between surrogates and true endpoints at the
patient level. In the present study, individual patient
data from a large trial on patients with RRMS were
used to assess the relationship between “EDSS worsening” (true endpoint) and both MRI active lesions
and relapses (surrogate endpoints).
According to the Prentice criteria, both 1-year
MRI active lesions and clinical relapses independently accounted for more than 60% of the treatment effect on 2-year EDSS worsening. This
provides evidence that clinical relapses and MRI
active lesions can both be surrogates for disability
DISCUSSION

progression in patients with RRMS treated with
IFN␤-1a. With the surrogacy of MRI active lesions
and relapses individually having been established, the
question as to whether the combination of these 2
measures could be a better individual-level surrogate
for the disability worsening was examined, an issue
that has never been assessed before. No residual effect
of IFN on EDSS worsening at 2 years was observed
after adjusting for a combination of 1-year MRI active lesions and relapses (fourth Prentice criterion).
Therefore, in patients with RRMS, the effect of IFN
on 2-year disability progression (the typical
follow-up duration of clinical trials) appears entirely
mediated by the treatment-induced reduction in the
number of MRI active lesions and relapses during the
first year of treatment. As a consequence, the proportion of reduction in disability progression that can be
attributed to a reduction of MRI lesions and relapses
together can be considered as 100%, suggesting that
IFN treatment does not affect the risk of disability
progression over 2 years with alternative mechanisms
of action that do not involve an effect on relapses and
MRI activity.
The observations conducted here at the individual patient level add to the previously mentioned results of a meta-analysis8 showing good trial-level
surrogacy of both relapses and MRI lesions for disability progression. Taken together, these consistent
results provide strong scientific evidence for the curNeurology 77
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Figure

Treatment effect on disability is fully explained by a combination of
MRI activity and relapses

Proportion of patients with a disability progression over 2 years according to risk groups
defined as the tertiles of the distribution of the combined score of MRI active lesions and
relapses during the first year of the study (I tertile: 0–0.25, II tertile: 0.26–0.80, III tertile:
0–81⫹; see the text and appendix e-1 for details). Progression was defined as an increase
of at least 1 Expanded Disability Status Scale point confirmed after 3 months. Black points
represent placebo patients and gray points represent interferon-treated patients. The bars
represent 95% confidence intervals.

rent trial practice of using clinical relapses as primary
endpoints in phase III RRMS trials of IFNs or drugs
with a similar mechanism of action, and even better
when supported by (or combined with) MRI markers. These results also suggest that the additional efforts for increasing patient numbers or trial duration
needed to power RRMS pivotal trials on disability
endpoints are not justified when evaluating IFN or
drugs with similar mechanisms of action, since the
full effect on EDSS worsening over 2 years is mediated by the effect measurable on active MRI lesions
and relapses after the first year of therapy. This may
have major implications for the MS field, since IFN␤ is
about to come off patent and the present analysis may
help to convince the regulatory agencies to accept surrogate outcomes for assessing IFN␤ biosimilars.
The findings of the current study are in apparent
contrast with results from other recent work, which
found low correlations between short-term MRI
markers and relapses both with the short-term18 and
long-term (more than 20 years) progression of unremitting disability.17 The high heterogeneity of data
coming from observational studies make their results
difficult to compare with those of the present analysis
conducted on data from a controlled clinical trial.
Furthermore, these previous studies17,18 are focused
1688
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on the role of MRI markers and relapses as prognostic factors for the accumulation of disability rather
than on their validity as surrogate outcomes. In contrast, our study, using both the placebo and the treatment arms from a randomized trial, relates the effect
of treatment on short-term markers of disease activity
with the effect of treatment on disability progression
over 2 years, specifically focusing on the assessment of
the validity of these widely used endpoints as surrogates
in the context of MS clinical trials.
The limitations of surrogacy validation studies
have been extensively discussed elsewhere,6 but several points are worthy of mention here. First, it must
be pointed out once more that the validation of surrogates is treatment specific. Thus, the findings reported here cannot be extended to all MS therapies,
even though they may prove useful in interpreting
the outcomes of future MS trials. Second, these results do not address the critical issue of whether a
short-term change in disability progression is necessarily the clinical outcome of interest in MS trials. In
this regard, there has been some evidence supporting
the hypothesis that EDSS worsening in RRMS as
measured in clinical trials over 2- to 3-year periods
might be a transient consequence of a recent relapse
at the time of disability assessment26 and does not
necessarily imply a true “disability progression.” If
this is the case, these results may suggest the need of
defining better clinical outcomes to assess disability
accumulation in future MS studies.
However, the longstanding controversy27 on the
optimal approach to measuring disease severity,
disability, and progression in MS or on the best outcome measure for evaluating the impact of diseasemodifying therapy is beyond the scope of this article.
As already stressed, the results of the present study
simply indicate that the effect of IFN on short-term
disability progression, which is the one usually measured in clinical trials, is fully mediated by the effect
on short-term MRI lesions and relapses. Another
limitation of the present analysis is the wide confidence limits of the PTE explained by MRI lesions
and relapses on disability progression. The lack of
precision of this measure is intrinsic24 but is also due
to the low power of such analyses when conducted
on single study not designed to detect such relationships. To this aim, an individual patient metaanalysis, collecting data from all clinical trials in
RRMS evaluating similar drugs, would be better
suited. The findings of the present analysis warrant
confirmation by a meta-analysis of this kind. Furthermore, it must be noted that since the coefficients
for the combined MRI/relapse score and the corresponding PTE have been estimated based on the
same set of data, the PTE results maximized for this

particular set of data. This is an additional point calling for a validation of these results on independent
datasets. Finally, with the rapid evolution of MRI
methods, it is likely that an analysis of more recent
MRI datasets would generate less variability and
tighter confidence limits.
This study provides evidence that MRI active lesions and clinical relapses, when used in combination, are a valid surrogate for disability progression
over the typical duration of clinical trials in patients
with RRMS treated with IFN or another drug with a
similar mechanism of action. The relationship of
short-term markers of disease activity with long-term
accumulation of irreversible disability remains a crucial issue that must be addressed with longer
follow-up studies.
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Historical Abstract: October 1, 1992
PARANEOPLASTIC CEREBELLAR DEGENERATION: I. A CLINICAL ANALYSIS OF 55 ANTI-YO ANTIBODYPOSITIVE PATIENTS
K. Peterson MD, M. K. Rosenblum, H. Kotanides MS, and J. B. Posner
Neurology 1992;42:1931–1937
We reviewed the clinical findings in 55 patients with cerebellar degeneration associated with the anti-Yo antibody (an anti-Purkinje
cell antibody identified in this study by histochemistry and Western blot). The patients were all women, 26 to 85 years old. Fifty-two
of them proved to have malignancies, almost exclusively breast or gynecologic cancers and usually confined to the involved organs
and local lymph nodes. One woman had adenocarcinoma of the lung, and in three no malignancy has yet been identified. In 34 of 52
patients with cancer, the neurologic syndrome preceded the diagnosis of cancer and in many led to that diagnosis. Patients subacutely
developed a pancere-bellar disorder that was substantially disabling in most, with 37 of 48 assessable patients being unable to walk or
sit unassisted. Laboratory evaluation revealed lymphocytic pleocytosis in 35 patients, with eventual cerebellar atrophy on imaging
studies in seventeen. The disabling neurologic syndrome generally did not respond to treatment, but the cancer was often successfully
treated. The presence of the anti-Yo antibody in patients with cerebellar symptoms warrants an aggressive approach to diagnosis and
treatment of the underlying cancer, as many are curable at the time neurologic symptoms develop.
Free Access to this article at www.neurology.org/content/42/10/1931
Comment from Robert A. Gross, MD, PhD, FAAN, Editor-in-Chief: An early and important account of antibody molecular
mimicry in cancer.
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