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ABSTRACT

Objective: We examined the effect of relapses—before and after progression onset—on the rate
of postprogression disability accrual in a progressive multiple sclerosis (MS) cohort.

Methods: We studied patients with primary progressiveMS (n5 322) and bout-onset progressiveMS
(BOPMS) including single-attack progressive MS (n5 112) and secondary progressive MS (n5 421).
The effect of relapses on time to Expanded Disability Status Scale (EDSS) score of 6 was studied
using multivariate Cox regression analysis (sex, age at progression, and immunomodulation modeled
as covariates). Kaplan-Meier analysis was performed using EDSS 6 as endpoint.

Results: Preprogression relapses (hazard ratio [HR]: 1.63; 95% confidence interval [CI]: 1.34–
1.98), postprogression relapses (HR: 1.37; 95% CI: 1.11–1.70), female sex (HR: 1.19; 95% CI:
1.00–1.43), and progression onset after age 50 years (HR: 1.47; 95% CI: 1.21–1.78) were
associated with shorter time to EDSS 6. Postprogression relapses occurred in 29.5% of sec-
ondary progressive MS, 10.7% of single-attack progressive MS, and 3.1% of primary progress-
ive MS. Most occurred within 5 years (91.6%) after progressive disease onset and/or before age
55 (95.2%). Immunomodulation after onset of progressive disease course (HR: 0.64; 95% CI:
0.52–0.78) seemingly lengthened time to EDSS 6 (for BOPMS with ongoing relapses) when
analyzed as a dichotomous variable, but not as a time-dependent variable.

Conclusions: Pre- and postprogression relapses accelerate time to severe disability in progressive
MS. Continuing immunomodulation for 5 years after the onset of progressive disease or until 55
years of age may be reasonable to consider in patients with BOPMS who have ongoing relapses.
Neurology® 2015;84:81–88

GLOSSARY
BOPMS 5 bout-onset progressive multiple sclerosis; CI 5 confidence interval; EDSS 5 Expanded Disability Status Scale;
HR 5 hazard ratio; MS 5 multiple sclerosis; PPMS 5 primary progressive multiple sclerosis; RRMS 5 relapsing-remitting
multiple sclerosis; SAPMS5 single-attack progressive multiple sclerosis; SPMS5 secondary progressive multiple sclerosis.

Multiple sclerosis (MS) is characterized by 2 clinical phenomena—relapses and progression.
Clinical phenotype is classified based on the presence and timing of these 2 features.1 Most
patients will enter a progressive phase of disease.2 Progression may be clinically manifest from
onset (primary) or after a relapsing-remitting phase (secondary). Progressive disease course refers
to insidious accumulation of neurologic deficits independent of relapses. Disability progression
can occur from stepwise accumulation of disability from relapses, progressive disease course, or
both. Progressive disease course is the dominant factor affecting disability progression. Few
patients reach severe persistent ambulatory disability before onset of a progressive course in MS.2

Earlier studies suggested primary progressive MS (PPMS) portended a worse prognosis than
relapsing-remitting MS (RRMS) or secondary progressive MS (SPMS).3–5 These studies, includ-
ing our own, considered time to disability milestones from onset of MS rather than from onset
of the progressive phase of disease.6 The absence of preceding relapses led many neurologists to
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argue that the pathologic processes in PPMS
are fundamentally different and should not be
studied together with RRMS. However, devel-
opment of a progressive disease course and rate
of postprogression disability accumulation
seems to be age-dependent, and does not cor-
relate with the rate of preprogression disability
accumulation.2,4,7–11

Although age at progressive disease onset
and pace of disability accumulation are similar
across MS subtypes (e.g., PPMS vs SPMS),
there is a wide range and distribution. This sug-
gests that the presence or absence of other clin-
ical parameters underlies the differences in
long-term disability accrual between patients
with progressive MS. In this study, we explored
clinical parameters that influence disability
accumulation and specifically whether clinical
relapses before, or subsequent to progressive
disease course onset affect this variability.

METHODS Standard protocol approvals, registrations,
and patient consents. This study was approved by the Mayo

Clinic institutional review board. Written informed consent to

access medical records for research was obtained from all patients

included.

Study populations. All patients were evaluated at Mayo Clinic

and fulfilled McDonald12,13 diagnostic criteria for MS. We stud-

ied a population-based (n 5 101, age 18 years and older) and a

clinic-based (n 5 754, age 18 years and older) progressive MS

cohort. The population-based cohort was established in 199214

and reascertained in 200215 and 2010.2 This cohort captured

patients across the disease spectrum with more than 20 years of

follow-up. The clinic-based cohort was all inclusive between 2003

and 2007, and all patients had documented progressive MS of

greater than 1 year, as recently reported.2 This cohort captured a

population enriched for PPMS and single-attack progressive MS

(SAPMS), in addition to the more common SPMS. Demographic

and clinical data were extracted from the medical records and

validated as previously reported.2 The populations were similar

in demographic and disease characteristics2 and all progressive MS

patients were combined for this study.

Progression and disability. We defined progressive disease

course as insidious and irreversible worsening brain, brainstem-

cerebellar, and spinal cord syndromes most frequently characterized

by weakness, ataxia, or bladder dysfunction of $1 year.2 Age at

progressive MS onset was established from the most detailed

available record and documented examination nearest in time to

onset of progressive disease course.2

We assigned Kurtzke Expanded Disability Status Scale

(EDSS)16 scores based on the comprehensive neurologic exami-

nation sheet documented in the medical record at our center only,

beginning with the first evaluation.

Classification of progressive disease course. PPMS refers to

progressive MS with no previous relapses; SAPMS refers to pro-

gressive MS developing after a single relapse9; and SPMS refers

to progressive MS developing after RRMS. When appropriate,

SAPMS and SPMS were combined as bout-onset progressive MS

(BOPMS). If there were ongoing relapses after progressive MS

onset, these were considered as part of an overlap between a

resolving relapsing phase of MS and the early progressive phase

of MS rather than a separate diagnostic category of progressive-

relapsing MS.

Study variables and outcomes. Variables studied included

sex, age at progressive MS onset, occurrence of relapse(s) before

progressive MS onset, occurrence of relapse(s) after progressive

MS onset, treatment with ($3 months’ duration) immunomod-

ulatory therapy before progressive MS onset, and treatment with

($3 months’ duration) immunomodulatory therapy after

progressive MS onset. To evaluate the potential confounding

effect of immunomodulation on relapse-related disability

accumulation, either before or after progressive MS onset, we

included immunomodulation in the multivariate analyses.

Because this study compares progressive phases of BOPMS to

PPMS, symptomatic disease duration before progressive MS

onset was not included as a covariate, as by definition this is

asymptomatic in PPMS. While EDSS at the time of BOPMS

onset was available for the population-based cohort, it was not

complete for the clinic-based cohort, many of whom were already

in the progressive phase at the time of referral, typical of such real-

world clinical practice. We compared the EDSS and functional

system scores at onset of progressive MS between PPMS and

BOPMS (including SAPMS and SPMS) as well as between

population-based (all patients) and clinic-based (when this was

available) cohorts to help guide interpretation of results.

However, because of lack of data points in some patients,

EDSS at progressive MS onset was not included as a covariate

in the combined analyses. Outcome measures included hazard

ratios (HRs) for study variables and time from progressive MS

onset to EDSS 6.

Data analyses. SAS software (9.3.1; SAS Institute, Cary, NC) was

used for all data analyses. Demographic and clinical features were

studied using multivariate Cox regression analysis. Kaplan-Meier

analysis was used to generate survival curves from progressive MS

onset to EDSS 6, stratified for factors with significant HRs.

Patients were censored at the time of last assessment whenever the

endpoint had not been reached. Age-scaled measures were

analyzed as continuous variables or binned into 5-year groups.

Two of the study variables (relapses after progressive MS

onset and immunomodulatory therapy after progressive MS

onset) occurred during the observation period for survival analysis

(progressive MS onset to EDSS 6). Generation of survival curves

for these variables relied on the following a priori assumptions and

adjustments: (1) patients were assumed to fall within the relapse

groupings at the time of progressive MS onset; (2) because pa-

tients with PPMS who initiated immunomodulatory therapy

did so at variable times after progressive MS onset, survival curves

for postprogression immunomodulatory therapy included only

patients with BOPMS; and (3) assessment of treatment effect

was based on a dichotomized variable of whether the patient

was ever treated after onset of progressive MS.

The primary Cox regression analysis also relied on the as-

sumptions outlined above, with relapses and immunomodulatory

therapy modeled as binary (or ternary) variables. In addition, we

performed a second Cox regression analysis to model postprogres-

sion relapses and immunomodulatory therapy as time-dependent

variables. In this model, all patients fell within the no postprog-

ression relapse group at the time of progressive MS onset and

switched groups only when a postprogression relapse occurred.

For postprogression immunomodulatory therapy, patients were
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allowed to switch back and forth between treated vs untreated

groups throughout the observation period.

RESULTS The proportion of females and age at
symptomatic onset were consistent with known
demographics of MS phenotypes (table 1). A higher
proportion of patients with BOPMS compared with
PPMS were treated with immunomodulatory medi-
cations after progressive MS onset. Age at progressive
MS onset was similar among PPMS, SAPMS, and
SPMS (table 1).2

Multivariate analysis revealed that preprogression re-
lapses (HR: 1.63; 95% confidence interval [CI]: 1.34–
1.98), postprogression relapses (HR: 1.37; 95% CI:
1.11–1.70), female sex (HR: 1.19; 95% CI: 1.00–
1.43), and progressive disease onset after age 50 years
(HR: 1.47; 95% CI: 1.21–1.78) were negatively asso-
ciated with time from onset of progressive disease course
to EDSS 6 (table 2). The age cutoff of 50 years was
determined by a best-fit analysis (data not shown).

Figure 1 shows Kaplan-Meier analyses for signifi-
cant factors from the multivariate analysis. Time to

EDSS 6 from progressive MS onset was longest for
PPMS (50% in 10 years), intermediate for SAPMS
(50% in 7 years), and shortest for SPMS (50% in 4
years) (p , 0.001). Ongoing relapses after progressive
MS onset shortened time to EDSS 6 by approximately
2 years (p, 0.001). Stratifying postprogression relapses
further, survival curves for 1 vs 2 or more relapses were
superimposed (data not shown). Postprogression relap-
ses were more frequent in SPMS (29.5%) than SAPMS
(10.7%) than PPMS (3.1%), and most happened
within 5 years (91.6%) after onset of progressive disease
and/or before age 55 (95.2%).

Patients with PPMS typically had low EDSS score
(1.5–2) at the time of first clinical assessment. For
patients with BOPMS followed longitudinally (pre-
dominantly the population-based cohort), mean
EDSS score at progressive disease onset was 2.2
(60.4) for SAPMS and was 3.4 (61.1) for SPMS.
Mean pyramidal functional system scores (main func-
tional system affecting EDSS 6) at progressive disease
onset were similar among PPMS (1.96 0.4), SAPMS
(2.0 6 0.6), and SPMS (2.6 6 0.8). EDSS at onset
of progressive MS was similar between the clinic-
based cohort (when available) and population-based
cohort (data not shown).

Immunomodulation before progressive MS
onset (HR: 2.39; 95% CI: 1.80–3.17) correlated
with increased risk of attainment of postprogression
EDSS 6, whereas immunomodulation after progress-
ive disease onset (HR: 0.64; 95% CI: 0.52–0.78) cor-
related with decreased risk (table 2). An independent
protective effect of immunomodulatory therapy, as-
sessed by the regression model to account for inter-
actions, is marginally evident among patients with
BOPMS who had ongoing relapses (p 5 0.049) and
as a trend among those who did not (p 5 0.067).
Illustration of this effect is shown using survival anal-
ysis with dichotomous variables (figure 2). The fre-
quency of immunomodulation after progressive
disease onset was similar between patients with or

Table 1 Patient demographics

PPMS SAPMS SPMS p

Male/total, n (% male) 148/322 (46) 47/112 (42) 123/421 (29) ,0.001

Age at MS onset (relapses or progression), y, mean 6 SD 45.7 6 10.8 37.4 6 9.4 31.8 6 9.3 ,0.001

Age at progression onset, y, mean 6 SD 45.7 6 10.8 45.5 6 9.6 44.8 6 9.7 0.201

Quartiles (39.2, 53.0) (39.6, 52.1) (37.9, 51.4)

Postprogression immuno-Rx (‡3 mo), n (%) 88 (27) 37 (33) 172 (41) 0.001

Abbreviations: immuno-Rx 5 immunomodulatory medication; MS 5 multiple sclerosis; PPMS 5 primary progressive MS;
SAPMS 5 single-attack progressive MS; SPMS 5 secondary progressive MS.
Demographic data for this cohort show a higher proportion of females, a younger age at symptomatic onset, and a higher
proportion of postprogression immunomodulatory medication use in patients with bout-onset progressive MS, including
SAPMS and SPMS, as compared with PPMS. The age of progression onset is normally distributed among and did not differ
between the SPMS, SAPMS, and PPMS groups.

Table 2 Cox regression analyses of time to EDSS 6 after onset of a progressive
disease course

HR 95% CI

Preprogression relapses 1.63 1.34–1.98

Postprogression relapses 1.37 1.11–1.70

Female sex 1.19 1.00–1.43

Age >50 y at progression 1.47 1.21–1.78

Preprogression immuno-Rx 2.39 1.80–3.17

Postprogression immuno-Rx 0.64 0.52–0.78

Abbreviations: CI 5 confidence interval; EDSS 5 Expanded Disability Status Scale; HR 5

hazard ratio; immuno-Rx 5 3 or more months of immunomodulatory medication use.
Multivariate Cox regression analysis generated proportional hazards for the listed clinical
variables. Immunomodulation was included as a potential confounder. Postprogression
relapses and postprogression immunomodulation were analyzed as constant rather than
time-dependent variables. Treatment presence was based on a dichotomized variable of
whether the patient was ever treated.
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without ongoing relapses (table 3). Among those with-
out ongoing relapses, more patients with BOPMS were
kept on treatment (41%) than patients with PPMS
started on treatment (27%) (x2, p 5 0.0001). The
duration of postprogression immunomodulatory ther-
apy did not differ between patients with or without
ongoing relapses, regardless of having PPMS or
BOPMS. The nonsignificant trend was to discontinue
treatment in BOPMS patients with ongoing relapses
after a longer interval from progression than in those
without ongoing relapses (table 3). Mean EDSS
(6SD) at progressive disease onset was 3.4 6 1.0 for
patients who continued or started treatment after pro-
gression onset, and was 3.2 6 1.5 for those who were
not treated.

With the secondary multivariate analysis (postprog-
ression relapses and immunomodulation modeled as
time-dependent variables), ongoing relapses still had
a deleterious effect (HR: 1.34; 95% CI: 1.02–1.76).

However, there was no longer a detectable protective
effect from attainment of EDSS 6 for postprogression
immunomodulation (HR: 1.73; 95% CI: 1.41–2.13).

DISCUSSION As we have previously reported, the age
at onset of progressive disease course did not differ
among PPMS, SAPMS, and SPMS in this cohort.2

Most natural history studies comparing disability accu-
mulation in patients with PPMS or BOPMS did not
account for age dependence. Time measurements from
symptomatic onset of MS to disability milestones
included the preprogression relapsing phase and the
progressive phase in patients with BOPMS, but only
time spent in the progressive phase in patients with
PPMS. The tendency for patients with BOPMS to
reach disability milestones after a longer interval from
onset compared to those with PPMS likely reflects that
patients with BOPMS were not in a progressive phase
throughout their entire disease course.

Figure 1 Clinical features affecting postprogression disability accumulation

Survival curves from progressive MS onset to EDSS 6 are shown. Both pre- and postprogression relapses increase the pace of postprogression disability
accumulation (A, B). Women accumulate disability mildly faster during the early progressive disease phase (C). Progressive MS onset at 50 years or older
mildly increases the pace of postprogression disability accumulation (D). EDSS 5 Expanded Disability Status Scale; MS 5 multiple sclerosis; PPMS 5

primary progressive MS; SAPMS 5 single-attack progressive MS; SPMS 5 secondary progressive MS.

84 Neurology 84 January 6, 2015

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.n
eu

ro
lo

gy
.o

rg
 b

y 
A

m
er

ic
an

 U
ni

ve
rs

ity
 o

f 
B

ei
ru

t (
A

U
B

) 
on

 1
7 

Se
pt

em
be

r 
20

24



We accounted for time spent only in the progress-
ive phase by using onset of progressive disease course
as a uniform starting point to demonstrate that pa-
tients with BOPMS reach severe postprogression dis-
ability faster than patients with PPMS. We previously
showed that, in this cohort, approximately 2% of pa-
tients reach EDSS 6 (need for unilateral gait aid)
before onset of a progressive disease course.2 EDSS
6 represents a particularly reliable milestone for severe
disability onset, determined mainly by pyramidal

tract involvement, and is a robust outcome measure
for assessing the effect of progressive phase in MS.

Several studies have documented more rapid disa-
bility accumulation8,17–20 (or trend toward21) from the
time of progressive MS onset (or disability milestone)
among patients with SPMS compared to patients
with PPMS. Other studies found no difference but,
importantly, none concluded that disability accrual is
faster in PPMS.9,11,22–24 Variability between these
studies is likely methodologic and not intrinsic to

Figure 2 Effect of immunomodulation on postprogression disability accumulation in BOPMS

Survival curves from progressive MS onset to EDSS 6 are shown. Postprogression immunomodulatory medication use seemingly slows the pace of post-
progression disability accumulation among patients with BOPMSwho have ongoing relapses (A), but not clearly so among those who do not (B). For this anal-
ysis, patients were assumed to fall within the relapse groupings at the time of progressive MS onset; patients with primary progressive MS were excluded
because of variability of when immunomodulatory therapy was initiated and the small number with relapses; and assessment of treatment effect was based
on a dichotomized variable of whether the patient was ever treated after onset of progressive MS. However, with the secondary multivariate analysis
(immunomodulation modeled as time-dependent variable), the postprogression treatment benefit was no longer detectable. BOPMS5 bout-onset progress-
ive multiple sclerosis (secondary progressive multiple sclerosis 1 single-attack progressive multiple sclerosis); EDSS 5 Expanded Disability Status Scale;
immuno-Rx 5 3 or more months of immunomodulatory medication use; MS 5 multiple sclerosis.

Table 3 Ongoing relapses and immunomodulatory therapy

PPMS without
ongoing relapses

PPMS with
ongoing relapses

BOPMS without
ongoing relapses

BOPMS with
ongoing relapses

Postprogression
immuno-Rx, n (%)

83 (27) 5 (50) 161 (41) 48 (35)

No postprogression
immuno-Rx, n (%)

229 (73) 5 (50) 236 (59) 88 (65)

p (x2) 0.1022 0.2782

Mean duration of
Rx,a mo, 6SD

33.9 6 32.6 35.1 6 26.4 32.7 6 27.5 39.6 6 33.0

p (t test) 0.9384 0.1465

Abbreviations: BOPMS 5 bout-onset progressive multiple sclerosis (secondary progressive multiple sclerosis 1 single-
attack progressive multiple sclerosis); immuno-Rx 5 immunomodulatory medication; PPMS 5 primary progressive multiple
sclerosis.
The use of postprogression immunomodulatory medications did not differ between patients with or without ongoing
relapses. Among those without ongoing relapses, more patients with BOPMS were kept on treatment (41%) than patients
with PPMS started on treatment (27%) (x2, p 5 0.0001). The duration of postprogression immunomodulatory therapy also
did not differ between patients with or without ongoing relapses, regardless of having PPMS or BOPMS. However, the
practice trend was to discontinue treatment more quickly in patients with BOPMS who did not have ongoing relapses and
continue for a longer duration in those who had ongoing relapses.
aAmong patients receiving immunomodulatory therapy.
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the studied population, because the same natural his-
tory cohorts report different conclusions at different
times. Some of this variability may also reflect the use
of earlier disability milestones that are influenced by
other functional systems and not predominantly by
the pyramidal system. We conclude that presence of a
clinical relapsing phase before progressive MS onset
accelerates postprogression disability accumulation.

The more rapid accrual of disability among pa-
tients with BOPMS likely reflects both clinical
relapse-related and relapse-independent mechanisms.
At the time of progressive disease onset, the mean
EDSS score was under 2 points higher and the mean
pyramidal functional system score was about one-half
point higher in patients with SPMS than in those
with PPMS; the mean EDSS and the mean pyramidal
functional system scores were not different between
patients with SAPMS and PPMS. Therefore, pre-
progression clinical relapse-related disability should
only partly account for the postprogression disability
burden among patients with BOPMS. However,
while the number of patients with BOPMS who
had available EDSS scores at the onset of progressive
MS was sufficiently sized for descriptive analysis, we
lacked the power for independent multivariate analy-
sis to assess the effect of EDSS at progressive MS
onset related to the other covariates. It is also possible
that a relapsing course preceding progressive disease
onset reflects higher subclinical activity (MRI lesion
accumulation) in these patients. However, we were
unable to study the effect of radiologic activity (i.e.,
subclinical relapses) because MRI was not systemati-
cally performed or analyzed for this study.

We report 2 additional preprogression factors that
negatively affect pace of postprogression disability
accumulation: a modest effect of older age at progres-
sion and female sex. Given attainment of EDSS 6 is
heavily influenced by ambulation, our finding may
also reflect age-related contributions to gait changes
through medical comorbidities and increasing neuro-
degeneration. The observation that female sex has a
deleterious effect on the pace of progression seem-
ingly contradicts long-held views of prognosis in
MS; namely, male sex imparts a worse prognosis. This
assumption rests on a sizeable literature documenting
an elevated risk in males of developing progressive
disease.3–5,25,26 However, our finding reflects post-
progression course only and does not include time
spent in the relapsing phase. Another study also docu-
mented reversal of the sex effect on pace of progres-
sion: women attained EDSS 6 at a longer interval
than men after MS onset but at a shorter interval after
progressive MS onset.7

We did not observe a protective effect of preprog-
ression immunomodulatory medication use in delay-
ing accrual of disability after progressive MS onset.

Because we studied only patients who developed pro-
gressive MS, however, any benefit of medications in
preventing disability accrual among patients who do
not develop progressive MS would have been missed.
Together with the tendency to initiate immunomo-
dulation in patients with more active RRMS, these
observations could explain the finding of faster disa-
bility accumulation in patients who were treated
before the onset of progressive MS.

Several studies have documented no influence of
superimposed relapses9,22,23,26–28 in SPMS or PPMS.
Our findings conflict with these conclusions, but are
consistent with a recent clinical trial.29 Studying a
large cohort of patients with progressive MS likely
enhanced the power of our study to detect a modest
negative effect of postprogression relapses on disabil-
ity accumulation. This effect was independent of the
presence of a relapsing disease course before the onset
of progressive MS (i.e., BOPMS vs PPMS), and was
similar whether one or more postprogression relapses
occurred. Modeling postprogression relapses as a con-
stant variable assumed any relapse effect was indepen-
dent of timing after the onset of progressive MS.
When we eliminated this assumption, the negative
effect of postprogression relapses remained evident.
Although most disability accrual in MS occurs by a
progressive disease course,11,24,30 we conclude that
superimposed relapses further accelerate postprogres-
sion disability accumulation.

We show that only a small proportion of patients
with PPMS (3%) and patients with SAPMS (11%)
have relapses after onset of the progressive phase of
MS, whereas 30% of the patients with SPMS had re-
lapses. Because we also show that most postprogres-
sion relapses typically occur within time (5 years)
and age limits (younger than 55 years), a logical
extension is that intervention to prevent postprogres-
sion relapses would be most effective in this period,
especially in BOPMS.

When analyzed as a dichotomous variable, immu-
nomodulatory therapy after progressive MS onset was
associated with longer time to EDSS 6 from onset of
progression. Generally, patients with more active
inflammatory disease are more likely to be continued
on postprogression immunomodulation. Of note,
both treated and untreated patients had a similar
mean EDSS score at onset of progressive MS. There-
fore, patients treated during the progressive phase
were not particularly more severe cases and, con-
versely, patients with low EDSS score did not prefer-
entially choose to remain on treatment during the
progressive phase. Moreover, there was no overrepre-
sentation of those with ongoing relapses among those
continuing postprogression immunotherapy.

Initiating immunomodulation after onset of pro-
gressive MS in prospective clinical trials does not

86 Neurology 84 January 6, 2015

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.n
eu

ro
lo

gy
.o

rg
 b

y 
A

m
er

ic
an

 U
ni

ve
rs

ity
 o

f 
B

ei
ru

t (
A

U
B

) 
on

 1
7 

Se
pt

em
be

r 
20

24



affect disability accumulation independent of any
effect on relapses,31–40 consistent with our findings.
The protective effect of postprogression immunomo-
dulation shown here was more apparent in BOPMS
patients with ongoing relapses than those without.
We were not able to accurately assess the effect of
postprogression immunomodulation among patients
with PPMS, in whom postprogression relapses are far
less common. Furthermore, the regression model was
based on assumptions regarding postprogression
relapse groupings and timing of postprogression im-
munomodulation. Dichotomizing the treatment var-
iable assumed any immunomodulation may have
lasting effects. When we eliminated this assumption,
the postprogression treatment benefit disappeared.

We show that both pre- and postprogression re-
lapses independently accelerate time to severe disabil-
ity in progressive MS. Our findings suggest that
patients with SPMS and SAPMS who have ongoing
relapses may benefit from immunomodulatory
therapies after onset of progressive MS; however,
the retrospective nature of part of our study cohort
introduced methodologic challenges that preclude
definite conclusions regarding the value of postprog-
ression immunomodulation. If a continued treatment
approach is taken, our findings suggest that treatment
is most likely to benefit those within 5 years after
onset of progressive disease or before age 55 years.
The frequency of postprogression relapses reported
here may help guide power calculations in prospective
clinical trials focused on addressing the value of
immunomodulation in patients with progressive
MS who have ongoing clinical relapses. Short of such
trials, we suggest individualizing treatment continua-
tion or discontinuation decisions after progressive MS
onset.
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