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MULTIPLE SCLEROSIS (MS) IS

a chronic disease that of-
ten affects people in the
prime of their lives. A key

feature of MS is clinical progression of
the disease over time manifested by the
accumulation of disability. Interferon
beta drugs are the most widely pre-
scribed disease-modifying drugs
(DMDs) approved by the US Food and
Drug Administration for the treat-
ment of relapsing-onset MS, the most
common MS disease course. Although
a substantial reduction in brain lesion
development, as evidenced by mag-
netic resonance imaging (MRI),1 and a
one-third relative reduction in relapse
frequency were demonstrated in the
pivotal clinical trials of interferon beta
for relapsing-remitting MS,2 there is a
lack of well-controlled longitudinal
studies investigating the effect of in-

terferon beta on disability progres-
sion.

Typically, drug efficacy (as estab-
lished through randomized clinical
trials conducted under optimal condi-
tions) is greater than drug effective-
ness (as measured in “real-world”
settings).3 Patients participating in clini-
cal trials tend to be highly selected in

For editorial comment see p 290.

Author Video Interview available at
www.jama.com.

Author Affiliations: Division of Neurology and Brain Re-
search Centre, Department of Medicine and Vancou-
ver Coastal Health Research Institute (Drs Shirani, Ev-
ans, Kingwell, Oger, and Tremlett and Ms van der Kop),
Division of Neurology, Department of Medicine, MS/
MRI Research Group (Dr Zhao), and Department of Sta-
tistics (Mr Karim and Drs Gustafson and Petkau), Uni-
versity of British Columbia, Vancouver, Canada.
Corresponding Author: Helen Tremlett, PhD, Divi-
sion of Neurology, Department of Medicine, Univer-
sity of British Columbia, Room S178, UBC Hospital,
2211 Wesbrook Mall, Vancouver, BC V6T 2B5, Canada
(helen.tremlett@ubc.ca).

Context Interferon beta is widely prescribed to treat multiple sclerosis (MS); how-
ever, its relationship with disability progression has yet to be established.

Objective To investigate the association between interferon beta exposure and dis-
ability progression in patients with relapsing-remitting MS.

Design, Setting, and Patients Retrospective cohort study based on prospectively
collected data (1985-2008) from British Columbia, Canada. Patients with relapsing-
remitting MS treated with interferon beta (n=868) were compared with untreated con-
temporary (n=829) and historical (n=959) cohorts.

Main Outcome Measures The main outcome measure was time from interferon
beta treatment eligibility (baseline) to a confirmed and sustained score of 6 (requiring
a cane to walk 100 m; confirmed at �150 days with no measurable improvement) on
the Expanded Disability Status Scale (EDSS) (range, 0-10, with higher scores indicat-
ing higher disability). A multivariable Cox regression model with interferon beta treat-
ment included as a time-varying covariate was used to assess the hazard of disease
progression associated with interferon beta treatment. Analyses also included propen-
sity score adjustment to address confounding by indication.

Results The median active follow-up times (first to last EDSS measurement) were as
follows: for the interferon beta–treated cohort, 5.1 years (interquartile range [IQR],
3.0-7.0 years); for the contemporary control cohort, 4.0 years (IQR, 2.1-6.4 years);
and for the historical control cohort, 10.8 years (IQR, 6.3-14.7 years). The observed
outcome rates for reaching a sustained EDSS score of 6 were 10.8%, 5.3%, and 23.1%
in the 3 cohorts, respectively. After adjustment for potential baseline confounders (sex,
age, disease duration, and EDSS score), exposure to interferon beta was not associ-
ated with a statistically significant difference in the hazard of reaching an EDSS score
of 6 when either the contemporary control cohort (hazard ratio, 1.30; 95% CI, 0.92-
1.83; P=.14) or the historical control cohort (hazard ratio, 0.77; 95% CI, 0.58-1.02;
P=.07) were considered. Further adjustment for comorbidities and socioeconomic sta-
tus, where possible, did not change interpretations, and propensity score adjustment
did not substantially change the results.

Conclusion Among patients with relapsing-remitting MS, administration of inter-
feron beta was not associated with a reduction in progression of disability.
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terms of comorbidities, motivation,
cognition, and ability to adhere to
medication schedules. Moreover, fol-
low-up protocols are highly struc-
tured, supportive, and specialized, and
the duration of therapy in clinical trials
is typically shorter than under usual
care conditions. For all these reasons,
the relationship between interferon beta
exposure and disease progression is dif-
ficult to delineate based on clinical
trials.

Several postmarketing studies have
suggested the effectiveness of inter-
feron beta, as measured by relapses, dis-
ability, or MRI.4-10 Although much has
been learned from these studies, the va-
lidity of the findings has been brought
to question11-14 because of major meth-
odological issues including immortal
time bias,13,15 selection bias,10,12,16 small
sample sizes,6,8,9 and insufficient follow-
up.4,6,7

We set out to investigate the asso-
ciation between interferon beta expo-
sure and disability progression in re-
lapsing-remitting MS using a database
of MS cases in the province of British
Columbia, Canada.

METHODS
To address the methodological limita-
tions of earlier studies, we selected 2
distinct control cohorts, used a com-
parable baseline for the treated and un-
treated cohorts, adjusted for potential
confounders, increased treatment ex-
posure accuracy, and addressed im-
mortal time bias by treating exposure
as a time-dependent variable.

Design and Setting

This was a retrospective record-
linkage cohort study based on prospec-
tively collected data. Multiple sclerosis–
related clinical data were obtained from
the British Columbia Multiple Sclero-
sis (BCMS) database. Established in
1980, the BCMS database is estimated
to capture 80% of the British Colum-
bia MS population17,18 and links the 4
MS clinics in British Columbia during
the study period (1985-2004). The da-
tabase has been used extensively to ex-
amine the natural history of MS.19-24

These studies purposely selected pa-
tients predominantly in the era prior to
interferon beta treatment, with mini-
mal DMD exposure, and were not de-
signed to examine the effect of drug
treatment.

For the current study, linked data
were obtained from province-wide
health administrative databases includ-
ing PharmaNet (British Columbia’s pre-
scription drug database) to obtain data
on exposure to interferon beta; Medi-
cal Service Plan Payment Information
(data on medical services provided by
practitioners) and the Discharge Ab-
stract (hospital separations) database to
capture preexisting comorbid condi-
tions; and Census Geodata to provide
information on socioeconomic status
(SES). The linkage was performed
through Population Data BC, a pan-
provincial population health data re-
source. Patients were identified through
the BCMS database and linked via their
personal health number, a unique life-
long identifier.

This study was approved by the Uni-
versity of British Columbia’s Clinical
Research Ethics Board, which in-
cludes patient informed consent.

Study Population

All patients with definite relapsing-
onset MS (Poser or McDonald crite-
ria) who registered with a BCMS clinic
between April 1985 and December 2004
and reached eligibility for interferon
beta treatment during the same period
were included. We used a broad crite-
rion for interferon beta treatment eli-
gibility, adapted from the British Co-
lumbia government’s reimbursement
scheme, defined as having a definite re-
lapsing-onset course, age 18 years or
older, and a score of 6.5 or lower on the
Expanded Disability Status Scale
(EDSS). The EDSS ranges from 0 to 10;
higher scores indicate higher disabil-
ity. An EDSS score of 6.5 indicates “con-
stant bilateral assistance required to
walk about 20 m without resting.”25 Be-
cause of the prohibitively high cost of
the DMDs and the government scheme,
patients were unable to obtain a DMD
outside of a BCMS clinic. The date of

the first clinic visit at which a patient
reached eligibility for interferon beta
treatment was used as the study entry
(baseline) for each participant. Pa-
tients with fewer than 2 prospective
EDSS measurements from baseline to
study end were excluded. Patients ex-
posed to a non–interferon beta DMD,
a cytotoxic immunosuppressant for MS,
or an MS clinical trial were excluded (if
exposure occurred prior to baseline) or
data were censored (if exposure oc-
curred after baseline). EDSS scores were
recorded at clinic visits by the MS neu-
rologist, who was not blinded to pa-
tient treatment status. Patient fol-
low-up was to the most recent EDSS
score recorded prior to December 31,
2008 (the study end date).

Our a priori sample size calcula-
tion26 (to assess study feasibility) was
based on a Cox proportional hazards
regression model assuming a 40% re-
duction in the hazard of reaching an
EDSS score of 6 in patients treated with
interferon beta10 compared with un-
treated patients. It was estimated that
a total of 161 patients were required to
reach an EDSS score of 6 during fol-
low-up to achieve a power of 80% at a
2-sided significance level of .05. As-
suming that 10% of patients would
reach an EDSS score of 6 during follow-
up, 805 patients were required in each
group.

Defining Treated and Untreated
Comparison Cohorts

The treated cohort comprised patients
exposed to interferon beta who first be-
came eligible between July 1995 and
December 2004 (July 1995 represents
the first interferon beta licensing date
in Canada). Two separate untreated
comparison cohorts were selected. The
contemporary cohort comprised pa-
tients first eligible in the same period
(July 1995–December 2004) who re-
mained unexposed to interferon beta,
while the historical cohort included
those first eligible prior to the ap-
proval of interferon beta (April 1985–
June 1995) who remained unexposed
to interferon beta during the study pe-
riod. The historical cohort represents
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patients eligible for interferon beta treat-
ment in an era when there was no ac-
cess to licensed DMDs for MS; this helps
minimize indication bias. The contem-
porary untreated cohort represents an
equivalent time-period group, limit-
ing the influence of potential period
changes that are difficult to measure,
such as patient care or management,
and allowing additional factors to be
considered, including SES and comor-
bidities (only available for the treated
and contemporary control patients).

Defining Treatment Exposure

Drug exposure information was ob-
tained through the BCMS and Pharma-
Net databases. During the study pe-
riod, 4 preparations of interferon beta
became available: in 1995, interferon
beta-1b (Betaseron, 250 µg subcutane-
ously on alternate days) and in 1998,
interferon beta-1a (Avonex, 30 µg in-
tramuscularly once weekly; and Rebif,
22 µg and 44 µg subcutaneously 3 times
per week).27 All interferon beta prepa-
rations were considered 1 therapeutic
class; switches between products were
not considered interruptions. The ma-
jority (93%) of exposed patients had
only a short break (�3 months) or no
break between consecutive interferon
beta prescriptions. We therefore did not
consider the intervening stoppages be-
tween consecutive prescriptions of in-
terferon beta as changes in treatment
status.

Outcome

The main outcome measure was time
from baseline to a confirmed and sus-
tained EDSS score of 6, considered
irreversible disability when all subse-
quent EDSS scores were 6 or higher,
with at least 1 measurement more
than 150 days later. An EDSS score of
6 indicates “intermittent or unilateral
constant assistance (cane, crutch,
brace) required to walk about 100 m
with or without resting.”25 If the out-
come was not reached, patients were
censored at the last recorded EDSS
measurement or at the preceding
EDSS measurement if the last score
was 6 or higher to avoid overestima-

tion of the time to an EDSS score of 6.
The secondary outcome was time
from baseline to a confirmed and sus-
tained EDSS score of 4 (“fully ambu-
latory without aid, up and about 12
hours a day despite relatively severe
disability; able to walk without aid
500 m”).25 The assessors (ie, the MS
neurologists) were not blinded to
patient treatment status.

Comorbidity and SES

The Charlson comorbidity index was
calculated using the Deyo validated ad-
aptation28 based on hospital admis-
sions or physician visits in the 2 years
prior to baseline. Socioeconomic sta-
tus was estimated through Statistics
Canada’s generated neighborhood in-
come data, aggregated as quintiles.29 Co-
morbidity and SES data were available
for the contemporary cohorts only.

Statistical Analyses

Basic demographic and clinical char-
acteristics of the interferon beta–
treated and the untreated cohorts were
compared using the Pearson �2 test for
categorical variables, the t test for con-
tinuous variables, and the Mann-
Whitney Wilcoxon test for discrete
quantitative variables.

Cox proportional hazards regres-
sion models, with interferon beta treat-
ment as a time-dependent covariate,
were used to assess the hazard of dis-
ease progression (time to EDSS scores
of 6 and 4), expressed as hazard ratios
(HRs) with 95% confidence intervals.
This allowed the time from baseline to
initiation of an interferon beta drug and
the time from stopping interferon beta
to the end of follow-up to contribute
to the untreated follow-up time. The
model was adjusted for the following
baseline covariates: sex, age, disease du-
ration, and EDSS score. Further adjust-
ment for SES and Charlson comorbid-
ity index was performed for the
contemporary cohorts. The propor-
tional hazards assumption for base-
line covariates was examined using log-
log plots. Additional analyses, including
a propensity score–adjusted model, de-
tailed in the eAppendix (available at

http://www.jama.com), were con-
ducted to explore further the associa-
tion between treatment and disability
progression and to examine potential
biases.

Statistical analyses were performed
using SPSS version 16.0 (SPSS Inc). All
statistical tests were 2-sided and P� .05
was considered statistically signifi-
cant.

RESULTS
A total of 2656 patients were included
in the main analyses; 868 formed the
interferon beta cohort, 829 the con-
temporary control cohort, and 959 the
historical control cohort (FIGURE 1 out-
lines the study selection). The demo-
graphics were comparable between ex-
cluded and included patients (73% of
excluded patients were female with a
mean age at MS onset of 31.9 [SD, 10.1]
years vs 76% female with a mean age
at MS onset of 31.9 [SD, 9.3] years for
included patients).

The TABLE shows the baseline char-
acteristics of the 3 cohorts. Some dif-
ferences between the treated and con-
trol cohorts were observed but were
generally considered clinically minor in
most instances. Nonetheless, final re-
sults were derived from multivariable
models adjusted for these baseline char-
acteristics. Disease duration and EDSS
scores differed among the 3 cohorts, al-
though differences were small; the me-
dian EDSS score was 2.0 in all 3 co-
horts; the mean was 2.1 in the treated
cohort and 2.0 in both untreated com-
parison cohorts. The baseline disease
duration was shorter in the treated co-
hort compared with the untreated co-
horts (median, 3.0 [interquartile range
{IQR}, 1.2-8.2] years in the treated co-
hort vs 5.6 [IQR, 1.8-12.3] years in the
contemporary untreated cohort and 5.1
[IQR, 1.5-11.8] years in the historical
untreated cohort. The median annual-
ized relapse rate was 0.5 (IQR, 0-1.2)
in the treated cohort, 0.5 (IQR, 0-1.0)
in the contemporary control cohort, and
0.5 (IQR, 0-1.4) in the historical con-
trol cohort. Compared with the treated
cohort, the contemporary controls were
similar by sex, MS onset age, and Charl-
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son comorbidity index but were older,
with a lower annualized relapse rate and
a tendency toward a lower SES. The his-
torical controls were similar by sex, age,
and annualized relapse rates but were
younger at MS onset. EDSS assess-
ment rates were similar for the treated,
contemporary control, and historical
control cohorts (0.99, 0.91, and 1.10
times per year, respectively).

The treated cohort contributed 2557
patient-years of interferon beta–
exposed time and 1347 patient-years of
unexposed time (1028 patient-years be-
fore and 319 patient-years after inter-
feron beta treatment). The contempo-
rary and historical control cohorts
contributed 2915 and 7574 patient-
years of unexposed time, respectively.
Follow-up time (first to last EDSS mea-

surement) differed between groups,
being considerably longer for the his-
torical untreated cohort (median, 10.8
[IQR, 6.3-14.7] years), who by defini-
tion entered the study much earlier than
the contemporary cohorts. The me-
dian follow-up times for the contem-
porary cohorts were 5.1 (IQR, 3.0-
7.0) years for the treated cohort and 4.0
(IQR, 2.1-6.4) years for the untreated

Figure 1. Selection of Interferon Beta–Treated and Untreated Cohorts From the BCMS Database for the Main Analysis

4291 Became eligible for interferon beta treatment in
British Columbia in April 1985–December 2004

4842 Linked to health administrative data

4957 Patients with definite relapsing-onset MS registered
with a BCMS clinic in April 1985–December 2004

551 Excluded
207 Unknown eligibility (no EDSS score recorded)
151 Ineligible for interferon beta treatment

193 First interferon beta eligibility date after
December 2004

144 Baseline EDSS score >6.5
7 Aged <18 y

115 Excluded (not linked to health administrative
databases)

868 Exposed to interferon beta and included
in interferon beta–treated cohort

829 Unexposed to interferon beta and included
in untreated contemporary control cohort

959 Included in untreated historical control cohort

1914 Patients with RRMS or SPMS course at baseline1379 Patients with RRMS or SPMS course at baseline

2671 Became eligible for interferon beta treatment in
July 1995–December 2004 (post–interferon beta era)

1620 Became eligible for interferon beta treatment in
April 1985–June 1995 (pre–interferon beta era)

217 Excluded (SPMS at baseline)420 Excluded a

192 SPMS at baseline
239 Exposed to interferon beta during

follow-up

757 Excluded a

10 Unknown MS onset date
436 <2 prospective EDSS measurements from

eligibility date to study end
172 Exposed to cytotoxic immunosuppressants

or DMD prior to baseline b

21 Participated in a clinical trial prior to
baseline

18 Unknown date of participation in a
clinical trial

218 Had reached main outcome by
eligibility date

241 Excluded a

137 <2 prospective EDSS measurements from
eligibility date to study end

2 Exposed to cytotoxic immunosuppressants
prior to baseline

1 Participated in a clinical trial prior to
baseline

14 Unknown date of participation in a
clinical trial

 108 Had reached main outcome by
eligibility date

BCMS indicates British Columbia Multiple Sclerosis; DMD, disease-modifying drug; EDSS, Expanded Disability Status Scale; MS, multiple sclerosis; RRMS, relapsing-
remitting multiple sclerosis; SPMS, secondary progressive multiple sclerosis.
aThe sum of the individual reasons exceeds the total number of patients because some patients met more than 1 condition.
bEight exposed to a cytotoxic immunosupressant, 62 to glatiramer acetate, and 112 to interferon beta.
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Table. Baseline Demographic and Clinical Characteristicsa

Characteristics

Interferon
Beta–Treated

Patients
(n = 868)

Contemporary
Untreated
Patients

(n = 829)b

P Value,
Treated vs

Contemporary
Untreated
Patients

Historical
Untreated
Patients

(n = 959)c

P Value,
Treated

vs
Historical
Untreated
Patients

Sex, No. (%)
Male 208 (24.0) 192 (23.2)

.70d 238 (24.8)
.67d

Female 660 (76.0) 637 (76.8) 721 (75.2)

Age at MS onset, y
Mean (SD) 32.3 (9.3) 33.0 (9.4) .17e 30.7 (9.0) �.001e

No. (%)
�20 64 (7.4) 59 (7.1) 105 (10.9)

20 to �30 328 (37.8) 281 (33.9) 379 (39.5)

30 to �40 297 (34.2) 298 (35.9) .37d 326 (34.0) .01d

40 to �50 147 (16.9) 149 (18.0) 124 (12.9)

�50 32 (3.7) 42 (5.1) 25 (2.6)

Disease duration, y
Mean (SD) 5.8 (6.6) 8.3 (8.5) �.001e 7.7 (7.9) �.001e

Median (IQR) 3.0 (1.2-8.2) 5.6 (1.8-12.3) 5.1 (1.5-11.8)

Age at baseline, y
Mean (SD) 38.1 (9.2) 41.3 (10.0) �.001e 38.4 (9.5) .56e

No. (%)
�20 12 (1.4) 6 (0.7) 10 (1.0)

20 to �30 171 (19.7) 102 (12.3) 173 (18.0)

30 to �40 319 (36.8) 281 (33.9) �.001d 378 (39.4) .71d

40 to �50 273 (31.5) 269 (32.4) 292 (30.4)

�50 93 (10.7) 171 (20.6) 106 (11.1)

EDSS score
Mean (SD) 2.1 (1.2) 2.0 (1.2) 2.0 (1.3)

Median (range) 2.0 (0-6.5) 2.0 (0-6.5) .02f 2.0 (0-6.5) .002f

Annualized relapse rate in
the 2 y prior to baselineg

Mean (SD) 0.9 (1.1) 0.6 (1.0) �.001e 0.9 (1.1) .29e

Median (IQR) 0.5 (0-1.2) 0.5 (0-1.0) 0.5 (0-1.4)

Active follow-up time,
first to last EDSS
measurement,
mean (SD), y

5.2 (2.8) 4.5 (2.9) �.001e 10.5 (5.5) �.001e

Charlson comorbidity indexh

Median (range) 0 (0-3) 0 (0-3) NA

Score, No. (%)
0 (No comorbidity) 854 (98.4) 807 (97.3)

.14d NA
�1 (�1 Comorbid

condition)
14 (1.6) 22 (2.7)

Neighborhood income
quintile, No. (%)i

1 (Lowest) 141 (16.9) 154 (19.4)

2 147 (17.6) 165 (20.8)

3 179 (21.4) 155 (19.5) .04f NA

4 178 (21.3) 158 (19.9)

5 (Highest) 190 (22.8) 162 (20.4)
Abbreviations: EDSS, Expanded Disability Status Scale; IQR, interquartile range; NA, data not available/incomplete.
aBaseline was considered the first date a patient became eligible for interferon beta treatment.
bUntreated patients who first became eligible for treatment in the post–interferon beta era ( July 1995–December 2004).
cUntreated patients who first became eligible for treatment in the pre–interferon beta era (April 1985–June 1995).
dBy Pearson �2 test.
eBy t test.
fBy Mann-Whitney Wilcoxon test.
g If this period included multiple sclerosis onset, this first-onset attack was not included as a relapse.
hDeyo adaptation of the Charlson comorbidity index,28 based on hospital admissions or physician visits in the 2 years prior to baseline and derived from International Classification of

Diseases, Ninth Revision, Clinical Modification codes, excluding hemiplegia, paraplegia, and dementia to avoid misclassifying complications of multiple sclerosis as comorbidity. All
relevant comorbidities are aggregated into a single variable theoretically ranging from 0 to 33; higher scores indicate more comorbidity.

iUsed as a proxy for socioeconomic status.29 Data were missing for 33 patients in the interferon beta–treated cohort and 35 patients in the contemporary control cohort.
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cohort. Information regarding the pro-
portion of patients reaching the
outcome within 10 years after base-
line, interferon beta prescription pat-
terns, and right-censoring are de-
scribed in the “Additional Results”
section of the eAppendix.

The adjusted Cox regression analy-
sis, with interferon beta exposure as a
time-dependent covariate, found no
strong evidence of an association of in-
terferon beta exposure with the haz-
ard of reaching an EDSS score of 6 when
either the contemporary (FIGURE 2A)
or historical (FIGURE 3) control co-
horts were considered; in each case the
95% confidence intervals included 1.
However, the direction of the esti-
mated HRs of reaching the outcome dif-
fered depending on which control co-
hort was included, with an HR of 1.30
(95% CI, 0.92-1.83; P=.14) when the
contemporary controls were consid-
ered and an HR of 0.77 (95% CI, 0.58-
1.02; P=.07) using the historical con-
trols. The number of individuals
reaching the outcome were 94 (10.8%),
44 (5.3%), and 222 (23.1%) in the
treated, contemporary untreated, and
historical untreated cohorts, respec-
tively. In both analyses, a higher base-
line EDSS score and an older age at
baseline were associated with a higher
hazard of reaching an EDSS score of 6,
while female sex and a shorter disease
duration were associated with a lower
but not statistically significant hazard
of reaching the outcome (Figure 2A and
Figure 3).

When comorbidity and SES were
added to the contemporary model, find-
ings were similar (Figure 2B). Low or
middle SES (quintiles 1-3), when com-
pared with high SES (quintiles 4-5), was
associated with a higher hazard of
reaching the outcome, although this
was not statistically significant. Co-
morbidity was not significantly associ-
ated with time to an EDSS score of 6.
Adding the annualized relapse rate to
the model (based on the 2 years be-
fore baseline) did not change the di-
rection of findings (HR, 1.37; 95% CI,
0.97-1.94; P=.08 using contemporary
controls and HR, 0.77; 95% CI,

Figure 2. Multivariable Time-Dependent Cox Regression Analysis of Potential Factors
Associated With Time to Confirmed and Sustained EDSS Score of 6 for Interferon
Beta–Treated Patients (n=868) vs a Contemporary Untreated Cohort (n=829), With
Interferon Beta Treatment as a Time-Varying Covariate

1.00.5

Adjusted Hazard Ratio (95% CI)

Factors
Adjusted Hazard
Ratio (95% CI)

EDSS score at baseline (per 1 point) c
Interferon beta–exposed time a (vs unexposed time b)

Disease duration at baseline (per 10 y)

Age at baseline (per 10 y)

Female d (vs male e)

1.70 (1.52-1.91)

1.30 (0.92-1.83)

0.82 (0.65-1.03)

1.37 (1.14-1.66)

0.81 (0.56-1.16)

0.2 2.0 5.0

A

1.00.5

Adjusted Hazard Ratio (95% CI)

Factors
Adjusted Hazard
Ratio (95% CI)

EDSS score at baseline (per 1 point) c

Disease duration at baseline (per 10 y)

Age at baseline (per 10 y)

Female o (vs male p)

1.71 (1.51-1.93)

Interferon beta–exposed time f (vs unexposed time g) 1.28 (0.90-1.84)

Charlson comorbidity index ≥1m (vs 0n) 0.68 (0.21-2.16)

Neighborhood income level (vs quintile 5 [highest income]) h

Quintile 4 i 1.02 (0.55-1.87)
Quintile 3 j 1.67 (0.96-2.91)
Quintile 2 k 1.57 (0.89-2.77)
Quintile 1 (lowest income) l 1.70 (0.96-3.01)

0.80 (0.63-1.01)

1.49 (1.23-1.81)

0.76 (0.52-1.11)

0.2 2.0 5.0

B

EDSS indicates Expanded Disability Status Scale. Panel A shows findings when patient characteristics are
considered potential confounders. Covariates included in the model were sex, age at baseline, disease dura-
tion at baseline, EDSS score at baseline, and interferon beta exposure as a time-varying covariate. Fifty-four
patients who were censored before the earliest event did not contribute to the analysis. Panel B shows find-
ings when additional covariates (socioeconomic status [SES] and the Charlson comorbidity index) were also
considered. A further 68 patients were excluded due to missing SES. Fifty-two patients who were censored
before the earliest event did not contribute to the analysis.
a2556.9 person-years (65 patients reached the outcome).
b4262.6 person-years (73 patients reached the outcome, 29 during the unexposed time in the interferon
beta–treated cohort and 44 in the contemporary control cohort).
cEDSS at baseline ranged from 0 to 6.5.
d1297 patients (95 reached the outcome, 67 in the interferon beta–treated cohort and 28 in the contempo-
rary control cohort).
e400 patients (43 reached the outcome, 27 in the interferon beta–treated cohort and 16 in the contempo-
rary control cohort).
f2486.8 person-years (60 patients reached the outcome).
g4104.0 person-years (67 patients reached the outcome, 24 during the unexposed time in the interferon
beta–treated cohort and 43 in the contemporary control cohort).
h352 patients (22 reached the outcome, 16 in the interferon beta–treated cohort and 6 in the contempo-
rary control cohort).
i336 patients (20 reached the outcome, 13 in the interferon beta–treated cohort and 7 in the contemporary
control cohort).
j334 patients (30 reached the outcome, 19 in the interferon beta–treated cohort and 11 in the contempo-
rary control cohort.
k312 patients (27 reached the outcome, 18 in the interferon beta–treated cohort and 9 in the contempo-
rary control cohort).
l295 patients (28 reached the outcome, 18 in the interferon beta–treated cohort and 10 in the contempo-
rary control cohort).
m36 patients (3 reached the outcome, 1 in the interferon beta–treated, and 2 in the contemporary control
cohort).
n1593 patients (124 reached the outcome, 83 in the interferon beta–treated cohort and 41 in the contem-
porary control cohort).
o378 patients (87 reached the outcome, 60 in the interferon beta–treated cohort and 27 in the contempo-
rary control cohort).
p1251 patients (40 reached the outcome, 24 in the interferon beta–treated and 16 in the contemporary
control cohort).
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0.58-1.02; P=.07 using historical con-
trols).

Findings were also similar for the
secondary outcome (EDSS score of
4) and in the additional analyses (eFig-
ure 1, eFigure 2, eFigure 3, eFigure 4,
eFigure 5, eFigure 6, and eFigure 7),
including propensity score adjust-
ment (eAppendix). The number of in-
dividuals reaching the secondary out-
come was 156 (18.6%) in the treated
cohort, 68 (8.6%) in the contempo-
rary control cohort, and 268 (29.5%)
in the historical control cohort. With
propensity score adjustment, compari-
son with the contemporary control
cohort for progression to an EDSS
score of 6 resulted in an HR of 1.34
(95% CI, 0.93-1.92; P=.12); compari-
son with the historical control cohort
resulted in an HR of 0.84 (95% CI, 0.63-
1.11; P=.23).

COMMENT
Among patients with relapsing-
remitting MS, administration of inter-
feron beta was not associated with a re-
duction in progression of disability,
despite using a clinically relevant, im-
portant, and irreversible disability mile-
stone as the main outcome. The lack of
evidence for a strong association be-
tween interferon beta treatment and dis-
ability progression persisted whether a
contemporary or a historical (pre– vs
post–interferon beta era) untreated
comparison cohort was considered, a
secondary outcome (EDSS score of 4)
was examined, or additional analyses
were performed, including a propen-
sity score–adjusted model (eAppen-
dix). The difference in the direction of
the hazard of progression between the
contemporary and historical ap-
proaches, which is informative for fu-
ture studies, is of interest.

Previous postmarketing studies have
suggested a positive association be-
tween interferon beta and MS disabil-
ity outcomes.4-10,30 However, conduct-
ing adequately controlled longitudinal
observational studies is challenging, and
many such studies have faced method-
ological issues. One of the larger stud-
ies to date, from 2 Italian centers,10 was

susceptible to immortal time bias13,15 be-
cause of differing baselines for the
treated and untreated cohorts. The use
of a propensity score method in that
study10 could not address immortal time
bias. An independent reanalysis found
no apparent beneficial association with
interferon beta treatment once this bias
was considered.13 Another method-
ological issue included the use of a con-
trol group comprising individuals too
ill to start interferon beta treatment (ow-
ing to significant comorbidities).10 Both
of these issues could bias the study to
show a treatment effect when one might
not exist.12,13 Another relatively large
Canadian study used patients as their
own controls.5 This approach mini-
mized some potential biases but may
not have sufficiently acknowledged the
variable and unpredictable individual
progression profiles of MS patients.5 A
sizable UK-based observational study
was unable to demonstrate a benefi-
cial association with the use of DMDs
in relapsing-remitting MS after 2 years
of treatment, finally concluding that fur-
ther follow-up was needed.31

Ourstudyendeavoredtoaddress these
shortcomings. First, we considered
interferon beta treatment as a time-
dependent variable, thereby addressing

immortal time bias13,15 and accounting
for the changing treatment status of
patients over time. Second, in the face of
no single ideal comparison group, we
adoptedadualapproach,usingbothpre–
and post–interferon beta era untreated
cohorts. Third, we were able to access a
large cohort of MS patients with a sub-
stantial follow-upandsimilar ratesofdis-
ability assessment (thereby minimizing
surveillance bias).32 Fourth, the unique
health system in Canada allowed link-
age between clinical and province-wide
health administrative databases, creat-
ingacomprehensiveandrichdatasource.

Our findings are also relevant for the
design of future related observational
studies; we found that patients eli-
gible for interferon beta treatment in the
interferon beta era but who chose not
to start treatment had a non–statisti-
cally significant more favorable over-
all outcome compared with those who
started treatment in the same era. This
may be explained by “indication bias,”
whereby patients whose clinical sta-
tus is not improving or is getting worse
are prescribed drug therapy.33 This po-
tential bias was also apparent in a re-
analysis of the Italian study,10,13 which
used a contemporary (post–interferon
beta era) comparison cohort, but was

Figure 3. Multivariable Time-Dependent Cox Regression Analysis of Potential Factors
Associated With Time to Reach Confirmed and Sustained EDSS Score of 6 for Interferon
Beta–Treated Patients (n=868) vs a Historical Untreated Cohort (n=959), With Interferon
Beta Treatment as a Time-Varying Covariate

1.00.5

Adjusted Hazard Ratio (95% CI)

Factors
Adjusted Hazard
Ratio (95% CI)

EDSS score at baseline (per 1 point) c
Interferon beta–exposed time a (vs unexposed time b)

Disease duration at baseline (per 10 y)

Age at baseline (per 10 y)

Female d (vs male e)

1.75 (1.61-1.90)

0.77 (0.58-1.02)

0.91 (0.77-1.07)

1.19 (1.04-1.36)

0.94 (0.73-1.21)

0.2 2.0 5.0

EDSS indicates Expanded Disability Status Scale. Covariates included in the model were sex, age at baseline,
disease duration at baseline, EDSS score at baseline, and interferon beta exposure as a time-varying covariate.
Twenty patients who were censored before the earliest event did not contribute to the analysis.
a2556.9 person-years (65 patients reached the outcome).
b8921.3 person-years (251 patients reached the outcome, 29 during the unexposed time in the interferon
beta–treated cohort and 222 in the historical control cohort).
cEDSS at baseline ranged from 0 to 6.5.
d1381 patients (231 reached the outcome, 67 in the interferon beta–treated cohort and 164 in the historical
control cohort).
e446 patients (85 reached the outcome, 27 in the interferon beta–treated cohort and 58 in the historical con-
trol cohort).
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not evident in our pre–interferon beta
era comparison, for which the histori-
cal control group did not have the same
access to DMD treatment. This pro-
vides a possible explanation for the dif-
ferences in the direction of the HRs in
our contemporary and historical ap-
proaches and encourages the use of
more than 1 control group in observa-
tional studies whenever possible.34 Our
estimated HR was greater than 1 in the
contemporary approach, which may re-
flect residual confounding by indica-
tion, despite the adjustments made.

The decision to start (or not start)
treatment is complex, and likely not all
factors are captured by observational
studies—this can particularly affect any
“contemporary” analysis based on a
post–interferon beta era untreated com-
parison cohort. In a health care system
with free access to DMDs, possible rea-
sons for not starting a DMD might in-
clude stable disease, needle phobia, un-
willingness to receive or adhere to a
noncurative treatment, planned preg-
nancy, and personal or religious con-
cerns about using interferon beta, a hu-
man albumin–containing product. In
our study, the contemporary untreated
cohort had a lower annualized relapse
rate and longer disease duration but
similar disability level (EDSS score) at
baseline compared with the treated co-
hort. Although these factors were ad-
justed for, they could indicate a more fa-
vorable outcome; a low or moderate
initial relapse frequency (1-3 relapses
during the first 5 years after onset
of symptoms) has been associated with
a subsequent nonprogressive MS
course.35

Our data suggest that the historical
control group might be the more ap-
propriate choice; however, it has its own
limitations, including the possibility
that factors other than drug treatment
may have changed over time, such as
patient care and management and rates
of disease progression. However, strong
evidence to suggest a change in dis-
ease progression over time was not
found in relapsing-onset MS patients in
British Columbia.36 Nonetheless, in the
event that further studies become avail-

able, future meta-analyses of similar ob-
servational data may be of value.

Our findings, however, are consis-
tent with the longer-term clinical trial–
related studies. A 16-year follow-up of
MS patients originally randomized to re-
ceive placebo or interferon beta treat-
ment in a 2-year clinical trial was un-
able to show benefit in the treatment
group in terms of progression to an EDSS
score of 6 or secondary progressive MS.37

There were few deaths in the study, al-
though an unexpected excess occurred
in the original placebo group; findings
were considered hypothesis generating
by the authors, who cautioned that no
survival benefit could be confirmed.37 In
addition,noeffectof interferonbeta treat-
ment on disability progression could be
found in patients with clinically iso-
lated syndrome (considered at high risk
of developing MS).38 Some have tried to
evaluate the impact of delayed vs early
or higher vs lower cumulative expo-
sure to interferon beta treatment through
open-label extension studies, reporting
better outcomes with early or higher cu-
mulative exposure.39,40 However, drop-
outs and lack of blinding have con-
founded findings.41

We also found that the lower SES
quintiles (vs the highest quintile) were
associated with a higher hazard of dis-
ability progression, although these find-
ings were not statistically significant.
Socioeconomic status is a complex con-
cept, reflecting more than just in-
come, and a low SES is a strong deter-
minant of poor overall health.42 We
were unable to find another study ex-
amining the association between SES
and MS disability progression. Given
that there are relatively few predictors
of MS disease progression, further in-
vestigation of potentially modifiable fac-
tors such as psychosocial, behavioral,
or environmental pathways that may at-
tenuate SES is warranted.

Our study also has some limita-
tions. We considered interferon beta
drugs as a single therapeutic class, al-
though given the complexity of the dif-
fering approval dates and product
switching, a robust comparison be-
tween products would be extremely

challenging. We were not able to con-
sider neutralizing antibodies—high ti-
ters have been associated (somewhat
controversially) with reduced inter-
feron beta effectiveness.43 Our study was
not designed to examine adverse events
associated with interferon beta treat-
ment. Although we considered a broad
range of confounders, unmeasured con-
founding is possible, as with any ob-
servational study. We could consider
only patients attending a BCMS clinic.
This primarily affects recruitment into
the untreated cohorts (because of vir-
tual complete capture of patients tak-
ing interferon beta for their MS dur-
ing the study period). It is possible that
very mild or very severe disease would
prevent attendance at clinic, although
systematic occurrence of one of these
scenarios appears unlikely.

In addition, we considered 1 main
and 1 secondary outcome; both were
based on reaching irreversible disabil-
ity milestones. Although these are clini-
cally relevant and important out-
comes, and our conservative definitions
served to minimize assessment varia-
tion and random fluctuations that have
impeded the measurement of disease
progression in clinical trials,44,45 it re-
mains possible that interferon beta treat-
ment might positively affect other out-
comes not considered here. The EDSS
has recognized limitations46; how-
ever, it is the most widely used and in-
ternationally recognized disability as-
sessment tool in MS, its use being
ubiquitous in MS clinical trials and ob-
servational studies. Limitations rel-
evant to the study EDSS end points in-
clude reliance on ability to walk and an
inability to capture well the myriad MS
symptoms (cognition; fatigue; bowel,
bladder, or sexual function; visual acu-
ity; or health-related quality of life).
Also, despite the propensity score ad-
justment, residual confounding by in-
dication could still be present, as sug-
gested by the estimated HR of greater
than 1 in the contemporary approach.
Finally, we cannot rule out the possi-
bility that despite our sample size, our
study may have been underpowered
to detect an association between inter-
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feron beta treatment and disease
progression.

In conclusion, we did not find evi-
dence that administration of inter-
feron beta was associated with a reduc-
tion in disability progression in patients
with relapsing-remitting MS. The ulti-
mate goal of treatment for MS is to pre-
vent or delay long-term disability. Our
findings bring into question the rou-
tine use of interferon beta drugs to
achieve this goal in MS. It is, however,
possible that a subgroup of patients ben-
efit from interferon beta treatment and
that this association would not be dis-
cernable in our comprehensive “real-
world” study. Further work is needed
to identify these potential patients; per-
haps through pharmacogenomic or bio-
marker studies, paving the way for a tai-
lored, personalized medicine approach.
Our findings also encourage the inves-
tigation of novel therapeutics for MS.
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