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Abstract
Objective

To determine whether comorbidity is associated with clinical (relapses, disability worsening)

and MRI outcomes in multiple sclerosis (MS) by conducting a secondary analysis of the
CombiRx clinical trial.

Methods

CombiRx compared interferon beta-1a, glatiramer acetate, and the combination of these agents.
For participants eligible for evaluation of 6-month confirmed disability worsening, we used
medical history, concomitant medications, and adverse events to ascertain comorbidity status.
Comorbid conditions evaluated included hypertension, dyslipidemia, diabetes mellitus, de-
pression, anxiety disorders, and migraine. Clinical outcomes included disease activity consisting
of protocol-defined relapses, disability worsening, and MRI activity. We summarized the
prevalence of these comorbid conditions and their association with disease activity and its
components using multivariable Cox regression.

Results

Of the 1,008 participants randomized, 959 (95.1%) were eligible for assessment of 6-month
disability worsening; for this subgroup, the median length of follow-up was 3.4 years (range
0.5-6.9 years). Overall, 55.1% of participants had >1 comorbidity at enrollment. After ad-
justment, anxiety (hazard ratio [HR] 1.25, 95% confidence interval [CI] 1.01-1.55) and
dyslipidemia (HR 1.32, 95% CI 1.01-1.72) were associated with an increased hazard of any
disease activity, while migraine (HR 0.80, 95% CI 0.67-0.97) was associated with a decreased
hazard.

Conclusions

In this large trial population with rigorously obtained outcomes, comorbid conditions were
common among participants and influenced disease outcomes, including relapses. The
comorbidity burden of clinical trial participants with MS may be an important factor in the
outcome of clinical trials. Additional investigations of the impact of comorbidity on clinical trial
outcomes and response to disease-modifying therapies are warranted.
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Glossary

CI = confidence interval; CUA = combined unique lesion activity; EDSS = Expanded Disability Status Scale; FSS = functional
system score; GA = glatiramer acetate; HR = hazard ratio; IFN = interferon beta-1a; MS = multiple sclerosis.

Association Between
Comorbidities and
Disease Outcomes in
Multiple Sclerosis Trial

The influence of comorbidity burden of clinical trial
participants with multiple sclerosis (MS) on disease
activity outcomes are unclear

CombiRx trial compared the efficacy of interferon-B-1a and glatiramer acetate in MS

Secondary analysis of
CombiRx trial
N =959

Top comorbidities at enrollment Any disease activity

55% participants had at least one comorbidity at enroliment
¢

This limits the applicability
of the trial findings to typical
clinical populations

Study question

What is the prevalence of comorbidity among
participants at study enrollment and does it have an
association with clinical and MRI outcomes?
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Over the last decade, several studies have shown that comor-
bidity is common in multiple sclerosis (MS), even at diagnosis,
and its prevalence increases with age. The most common
comorbid conditions at diagnosis are depression, hypertension,
anxiety, and dyslipidemia."”” Several studies suggest that
comorbidity influences the severity of disability at diagnosis and
the rate of disability worsening after diagnosis.”* Less is known
about the influence of comorbidity on measures of disease
activity such as relapse rate, and findings have conflicted,™®
possibly due to differences in relapse measurement, frequency
of assessment, and modest sample sizes.””” Thus, larger studies
with rigorous measures of disease activity, particularly relapses,
are needed.

The underrepresentation of individuals with comorbid con-
ditions in clinical trials is a well-recognized problem that may
limit the applicability of the findings to typical clinical pop-
ulations."® In MS, many trials of disease-modifying therapies
have excluded potential participants with severe comorbid
conditions and have not described the comorbidity status of
participants who were enrolled.'’ Given the association be-
tween comorbidity and commonly used clinical trial outcomes
such as disability progression and relapse rates, the comorbidity
profile of study participants has the potential to influence study
findings in unpredictable ways in clinical trials and
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Association between comorbidity and trial outcomes
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No significant association between comorbidities and
disability worsening

Comorbidity burden of clinical trial participants may
influence trial outcomes, warranting additional
investigations to assess the impact of comorbidity on
response to disease-modifying therapy
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observational studies. The International Advisory Committee
on Clinical Trials in MS recommended that “the comorbidity
status of enrolled clinical trial participants...be clearly and
consistently described.”""

The CombiRx clinical trial systematically collected data re-
garding comorbid conditions at enrollment. Using data from
the CombiRx clinical trial, we aimed to determine the prev-
alence of comorbidity among trial participants at study en-
rollment and to explore the association between comorbidity
and clinical (relapses, disability worsening) and MRI out-
comes (combined unique active lesions).

Methods

Study design and participants

This is a post hoc analysis of data collected from the cohort of
participants enrolled in the CombiRx trial. As detailed else-
where,"> CombiRx was a double-blind, randomized, con-
trolled clinical trial that compared the combination of
interferon beta-1a (IFN) and glatiramer acetate (GA) to each
of these agents as monotherapy plus placebo in treatment-
naive participants; 50% of participants were assigned to
combination therapy (IFN + GA). All participants were
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followed up for at least 3 years, but some were followed up for
up to 7 years according to the study design of following up all
patients until the last patient completed 3 years. The study
was started in 2006 and ended in 2013."

For this analysis, we retained the inclusion criteria for the core
trial: age of 18 to 60 years, Expanded Disability Status Scale
(EDSS) score of 0 to .5, confirmed diagnosis of relapsing-
remitting MS by the Poser or McDonald criteria,"*'* and at
least 2 relapses in the 3 years before enrollment (one of which
could be change on MRI meeting the McDonald criteria for
dissemination in time). We excluded participants who with-
drew from the study before the 6-month visit because they were
not eligible for assessment of EDSS worsening at 6 months.

Standard protocol approvals, registrations,
and patient consents

This study was exempt from the need for research and in-
stitutional review board approval.

Study assessments

Participants underwent clinical assessments including EDSS
examination at enrollment, every 3 months until month 36, and
then every 6 months thereafter."> MRIs were completed at
enrollment; months 6, 12, 24, and 36; and then yearly thereafter.

Outcomes

No evidence of disease activity is increasingly proposed as
a treatment target in MS and can be defined as no relapse
activity, no disability worsening, and no new or gadolinium-
enhancing lesions on MRI.'® Therefore, the primary outcome
for this analysis was time to first evidence of disease activity
(relapses, disability worsening, MRI changes) as identified
with all data from enrollment through the extension phase
(see below). Secondary analyses examined each of these
endpoints individually: relapses (protocol defined and non—
protocol defined), disability worsening, and MRI changes.

For the primary analysis, we used protocol-defined relapses,
which constituted the development of new symptoms or wors-
ening of old symptoms lasting >24 hours in the absence of fever,
preceded by 30 days of stability and associated with changes in
the EDSS score confirmed by the examining physician within 7
days of onset. The required changes in EDSS score included
a >0.5-point increase compared to the previous visit or a >2-point
increase in 1 functional system score (FSS) or >1-point change in
2 FSSs (except for bladder and cerebral FSS). Non—protocol-
defined relapses met these criteria but were not confirmed within
7 days of onset and were included in secondary analyses.

Confirmed disability worsening was defined as a 1-point in-
crease in EDSS score if the baseline EDSS score was <5.0 and
half-point increase in the EDSS score if the baseline EDSS
score was 5.5, sustained for 6 months.

Although the primary study used an MRI composite score,"
we used the combined unique lesion activity (CUA) as the
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MRI outcome because this most closely reflects MRI out-
comes considered in defining no evidence of disease activity.'®
CUA was defined as the sum of the number of new enhancing
lesions, new nonenhancing T2 lesions, and enlarged non-
enhancing T2 lesions observed after enrollment.

Treatment status

Treatment assignment was included as indicator variable with
the combination arm (IFN + GA) as the reference group. To
account for participants who stopped or changed their
disease-modifying therapy particularly during the extension
phase of the clinical trial, we included treatment status as
a time-varying covariate (yes/no) for which “no” was defined
as an interruption of therapy for at least 30 days or discon-
tinuation of the disease-modifying therapy.

Comorbidity

We focused on comorbid conditions reported to be relevant
to MS outcomes® ""~*" or recommended for evaluation by
International Advisory Committee on Clinical Trials in MS""
and with sufficiently high prevalence in CombiRx to be
evaluable (table 1). Specifically, we considered hypertension,
dyslipidemia, diabetes mellitus, depression, anxiety disorders,
and migraine.

We obtained information on comorbidity status from the
medical history (enrollment) and concomitant medications
(enrollment and follow-up). The medication form captured
medications listed by indication for the following comorbid
conditions of interest: hypertension, hyperlipidemia, diabetes
mellitus, depression, and migraine. Thus, a comorbidity could
be identified on the basis of the reported condition or use of
a medication specific to the reported condition (e.g., diabetes
mellitus could be defined having insulin recorded as a con-
comitant medication, even if diabetes mellitus was not recorded
in the medical history). We captured incident comorbid con-
ditions developing over the course of follow-up by reviewing
reported adverse events and medications captured at follow-up.
Each comorbidity was classified as present or absent (refer-
ence). For comparison with prior studies,>'® we also summed
each comorbidity to create a comorbidity count for all comorbid
conditions categorized as O (reference), 1, 2 and >3; for physical
comorbid conditions (including hypertension, hyperlipidemia,
diabetes mellitus) categorized as O (reference), 1, and 2 to 3; and
number of comorbid conditions treated continuously.

Covariates

Covariates included in the analysis were age at enrollment
(continuous), sex (female as reference group), race (white as
reference group), and body mass index (categorized as follows:
underweight <18.5 kg/m?, normal [reference] 18.5-24.9 kg/
m2, overweight 25.0-29.9 kg/ mz, and obese >30 kg/ mz). In
complementary analyses, we included the health behavior of
smoking status (ever vs never [reference group] and current vs
not [reference group]) as a covariate because smoking status
was collected only later in the enrollment period, was not
updated over the course of the study, and was missing for
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Table 1 Summary of associations between comorbid conditions and clinical outcomes from the literature

Disability/disability MRI MRI MRI
Comorbidity Relapses®®1%-2 worsening>46:8.17.18.29,33,36.41-43 Gd®2144 lesions”%33 atrophy?®37
Count of comorbid + +
conditions
Vascular comorbidity +
(grouped)
Dyslipidemia +/- + + +
Hypertension — +/- +
Diabetes mellitus + —
Ischemic heart disease + +
Migraine + — + +/-
Depression — +/-
Anxiety disorder — +
Chronic lung disease — +/-

Abbreviation: Gd = gadolinium.

Evidence supporting an association, +; evidence against an association, —; and mixed evidence, +/-.

a subset of participants.ni24 We also examined the number of
relapses in the 12 months prior to enrollment for anxiety and
relapse models.

Statistical analysis

Descriptive statistics were used to summarize enrollment
characteristics using mean * SD for continuous variables and
frequency (percentage) for categorical variables. Missing data
were not imputed. We compared enrollment characteristics
between treatment arms and number of comorbid conditions
using a X2 test for categorical characteristics, Kruskal-Wallis
with pairwise comparisons adjusted using the Dwass, Steel,
Critchlow-Fligner method for the EDSS, and an analysis of
variance with Tukey-adjusted post hoc pairwise comparisons
for continuous characteristics. The significance level for these
comparisons was set at p < 0.0S.

We used Cox proportional hazards regression to compare time
to first evidence of any disease activity for all comorbid con-
ditions, adjusting for included covariates and treatment as-
signment and status. Comorbidity status was treated as time
varying to account for changes in comorbidity status during
follow-up. Participants were censored at the date of last follow-
up or end of the trial. Hazard ratios (HRs) and 95% confidence
intervals (CIs) are reported for each model. Other outcomes
considered in secondary analyses were evidence of disease ac-
tivity, including protocol- and non—protocol-defined relapses,
and each component of evidence of disease activity separately,
analyzed in order of priority as relapses, disability worsening,
and CUA.

Statistical analyses used SAS version 9.4 (SAS Institute Inc,
Cary, NC).

Neurology.org/N

Data availability

The dataset from this study is held securely by the University
of Alabama at Birmingham. Access may be granted via au-
thorization from the Executive Committee and may be facil-
itated by contacting Dr. Cutter.

Results

Participants

Of the 1,008 participants randomized in the CombiRx trial, 959
(95.1%) were eligible for assessment of 6-month EDSS score
worsening. Enrollment characteristics were similar across
treatment groups with the exception of age (table 2). On av-
erage, participants in the GA arm were 2 years older than
participants in the IFN + GA arm (p = 0.027). Two-thirds
(67.1%) of the participants were overweight or obese. Most
participants entered the extension phase of the trial (n = 687,
71.6%), and those going into the extension phase had similar
prevalence of comorbid conditions (all p > 0.05).

Comorbidity

Overall, 55.1% of participants had at least 1 comorbidity at en-
rollment (table 2). The prevalence of each comorbidity and the
overall count of comorbid conditions increased over the course
of follow-up. The count of comorbid conditions and prevalence
of individual conditions did not differ between treatment arms, at
enrollment, or over the course of follow-up (all p > 0.05; table 2).
The prevalence of individual conditions differed between men
and women (hyperlipidemia p = 0.040, dyslipidemia p = 0.002,
depression p = 0.038, migraine p < 0.001) and between those
<50 and those >50 years of age (hyperlipidemia p < 0.001,
dyslipidemia p < 0.001, depression p = 0.029).
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Table 2 Characteristics of participants at enrollment and on study exit

Total (n = 959) IFN + GA (n = 472) IFN (n = 241) GA (n = 246) p Value
Female, n (%) 697 (72.7) 356 (75.4) 168 (69.7) 173 (70.3) 0.174
Race, n (%) 0.24¢
White 847 (88.3) 419 (88.8) 204 (84.6) 224 (91.1)
Black 68 (7.1) 31(6.6) 24.(10.0) 13(5.3)
Other 44 (4.6) 22 (4.7) 13(5.4) 9(3.7)
Age at baseline, mean (SD), y 379+9.6 37.3+94 37.8+10.0 39.3+94 0.03°
Body mass index,? n (%) 0.76¢
Underweight 19 (2.0) 11(2.3) 4(1.7) 4(1.6)
Normal 296 (30.9) 154 (32.7) 67 (27.8) 75 (30.5)
Overweight 292 (30.5) 143 (30.4) 78 (32.4) 71 (28.9)
Obese 351 (36.6) 163 (34.6) 92 (38.2) 96 (39.0)
smoking history,? n (%) 0.21¢
Ever 413 (50.2) 198 (48.6) 95 (47.7) 120 (55.3)
Never 410 (49.8) 209 (51.4) 104 (52.3) 97 (44.7)
Current smoker,? n (%) 0.17¢
Yes 217 (26.4) 110 (27.0) 43 (21.6) 64 (29.5)
No 606 (73.6) 297 (73.0) 156 (78.4) 153 (70.5)
Relapses in prior 12 mo, mean (SD) 1.7+0.77 1.7 £0.75 1.7 £0.91 1.6 £0.67 0.22°
Baseline EDSS score, median (IQR) 2.0 (1.0, 2.5) 2.0(1.0, 2.5) 2.0(1.5,2.5) 2.0(1.0, 2.5) 0.69¢
Any gadolinium-enhancing lesions, n (%) 378 (39.4) 178 (37.7) 98 (40.7) 102 (41.5) 0.56¢
Comorbid conditions, n (%) 0.15¢
0 431 (44.9) 212 (44.9) 111 (46.1) 108 (43.9)
1 311 (32.4) 149 (31.6) 69 (28.6) 93 (37.8)
2 145 (15.1) 79 (16.7) 41 (17.0) 25(10.2)
>3 72 (7.5) 32 (6.8) 20 (8.3) 20 (8.1)
Follow-up time in mo, mean (SD) 53.2+18.7 53.2+18.4 52.3+20.0 54.0+17.8 0.61°

Abbreviations: EDSS = Expanded Disability Status Scale; GA = glatiramer acetate; IFN = interferon beta-1a.
Values presented as mean + SD, median (25th, 75th percentile), or number (column percent).

@ Data not available for all participants. Missing values: body mass index = 1, smoking history = 136, current smoker = 136.

® Analysis of variance.
¢ Kruskal-Wallis test.
9 Pearson X test.

As the number of comorbid conditions increased, the mean
age at enrollment increased; those with no comorbid con-
ditions were younger compared to all other categories (0 vs 1
p=0.015,0vs2 p=0.011,0vs >3 p < 0.0001), and those with
1 comorbidity were younger on average compared to those
with >3 (p = 0.010) conditions (table 3). As the number of
comorbid conditions increased, participants were more likely
to be overweight or obese. The median disability level was
lower for those with no comorbid conditions compared to
those with 2 (p = 0.009) or >3 (p < 0.0001) comorbid
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conditions after adjustment for disease duration and for those
with >3 vs 0 (p = 0.008) comorbid conditions after adjust-
ment for age (data not shown).

Comorbidity and any evidence of

disease activity

Overall, 739 (77.1%) participants had evidence of disease
activity, with 280 (37.9%) of those resulting from CUA alone,
51 (6.9%) from protocol-defined relapses alone, and 68
(9:2%) from EDSS score worsening alone. The remaining 340
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Table 3 Enrollment characteristics according to comorbidity status (count)

Total (n = 959) 0(n=431) 1(n=311) 2 (n=145) 23 (n=72) p Value

Female, n (%) 697 (72.7) 300 (69.6) 235(75.6) 109 (75.2) 53(73.6) 0.28¢
Race, n (%) 0.58¢

White 847 (88.3) 376 (87.2) 283 (91.0) 126 (86.9) 62 (86.1)

Black 68 (7.1) 33(7.7) 15 (4.8) 13(9.0) 7(9.7)

Other 44 (4.6) 22 (5.1) 13(4.2) 6 (4.1) 34.2)
Age at baseline, mean (SD), y 37.9+96 36.4+9.3 38.5+9.6 39.1+9.8 42.3+9.1 <0.001°
Body mass index,? n (%) 0.004¢

Underweight 19 (2.0) 9(2.1) 6(1.9) 4(2.8) 0(0.0)

Normal 296 (30.9) 152 (35.3) 93 (29.9) 36 (25.0) 15 (20.8)

Overweight 292 (30.5) 140 (32.5) 93 (29.9) 34 (23.6) 25 (34.7)

Obese 351 (36.6) 130 (30.2) 119(38.3) 70 (48.6) 32 (44.4)
smoking history,? n (%) 0.001¢

Ever 413 (50.2) 159 (43.6) 153 (56.5) 62 (48.8) 39 (65.0)

Never 410 (49.8) 206 (56.4) 118 (43.5) 65 (51.2) 21(35.0)
Current smoker,? n (%) 0.013¢

Yes 217 (26.4) 87 (22.2) 81 (30.5) 28 (25.0) 21 (39.6)

No 606 (73.6) 305 (77.8) 185 (69.5) 84 (75.0) 32 (60.4)
Time since symptom onset, mean (SD), y 43+56 42+56 43+57 42+49 49+6.0 0.81°
Time since diagnosis, mean (SD), y 1.2+3.1 1.2+33 1.2+3.0 1.1+29 1.08 +2.7 0.99°
Relapses in prior 12 mo, mean + SD 1.7+0.77 1.7+0.74 1.7+0.73 1.8+0.73 1.8+1.1 0.23°
Baseline EDSS score, median (IQR) 2.0(1.00, 2.5) 2.0(1.00, 2.5) 2.0(1.00, 2.5) 2.0(1.5,3.0) 2.0(1.5,3.3) <0.001¢
Any gadolinium-enhancing lesions, n (%) 378 (39.4) 185 (42.9) 112 (36.0) 59 (40.7) 22 (30.6) 0.10¢

Abbreviations: EDSS = Expanded Disability Status Scale; IQR = interquartile range.
Values presented as mean + SD, median (25th and 75th percentiles), or number (column percent).
@ Data not available for all participants. Missing values: body mass index = 1, smoking history = 136, and current smoker = 136.

® Analysis of variance.
¢ Kruskal-Wallis test.
9 Pearson X test.

(46.0%) had activity through a combination of these out-
comes. After adjustment for age, sex, race, body mass index,
and treatment, anxiety was associated with a 25% increased
hazard of any disease activity (HR 1.25, 95% CI 1.01-1.55),
and dyslipidemia was associated with a 32% increased hazard
of any disease activity (HR 1.32, 95% CI 1.01-1.72; figure, A
and table 4). Migraine was associated with a 20% decreased
hazard (HR 0.80, 95% CI 0.67-0.97; figure, A and table 4).
The number of comorbid conditions was not associated with
time to any disease activity (figure, B).

Secondary analyses

Any disease activity with protocol- and non-protocol-
defined relapses

When both protocol-defined and non—protocol-defined relapses
were included in the definition, 786 (82.0%) participants had
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evidence of any disease activity. Of these participants, 98
(12.5%) had relapses alone, 203 (25.8%) had CUA alone, and 52
(6.6%) had EDSS score worsening alone. The remaining 433
(55.1%) had activity through a combination of these outcomes.
The association of anxiety with any disease activity using protocol-
and non-protocol-defined relapses showed an effect size (HR
122, 95% CI 0.99-1.51; table 4) similar to that of any disease
activity using protocol-defined relapses. However, the other in-
dividual comorbid conditions were not associated with the hazard
of any disease activity using protocol- and non—protocol-defined
relapses, including migraine and dyslipidemia (table 4), nor was
the number of comorbid conditions (figure, B).

Relapses
Anxiety was associated with an increased hazard of relapses
(protocol-defined HR 1.53, 95% CI 1.07-2.20; protocol- and
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Figure Association of a comorbidity accounting for (A) the presence of the other comorbid conditions and (B) number of
conditions with any evidence of disease activity (PD relapses) and secondary clinical outcomes

A. Impact of comorbidity on any disease activity (protocol-defined relapses)

Comorbidity HR LCL UCL

0.927 0.732 1.174

2

Hypertension

Dyslipidemia < 1.316 1.010 1.716

Diabetes 1.068 0.753 1.515

4

Depression —_— 1.033 0.881 1.212
Anxiety % 1.252 1.008 1.555
Migraine —_— 0.801 0.666 0.965
T T T T T T 1
0.6 0.8 1.0 1:2 14 1.6 1.8 20

Hazard ration and 95% Cl
B. Number of comorbidities

Outcome HR LCL UCL

Any disease activity (PD)

1vs0 —— 0.949 0.797 1.131

2vs0 — 1.077 0.871 1.331

3+vs0 —— 1.046 0.811 1.350
Any disease activity (PD+NPD)

1vs0 —— 1.004 0.848 1.189

2vs0 - 1.114 0.908 1.368

3+vs0 —i— 1.064 0.827 1.368
Relapse (PD)

1vs0 —a— 1.321 0.948 1.840

2vs0 1 1.309 0.883 1.941

3+vs0 i 1.539 0.971 2.438
Relapse (PD+NPD)

1vs0 I E— 1249  0.990 1.577

2vs0 —— 1.488 1.142 1.939

3+vs0 —a— 1.452 1.054 2.001
EDSS worsening

1vs0 —— 0.892 0.671 1.186

2vs0 0.938 0.671 1.312

3+vs0 j: 0957 0646  1.416
Combined unique activity

1TvsO — 0.864 0.710 1.051

2vs0 —— 0.975 0.771 1.233

3+vs0 — . — 0.873 0.647 1.178

f T T 1

0.5 1.0 1.5 2.0 2.5
Hazard ratio

Adjusted hazard ratio for association of a comorbidity accounting for the presence of the other comorbidities (A) and number of conditions (B) with any evidence
of disease activity (protocol-defined relapses) and secondary clinical outcomes. All models were adjusted for age, sex, race, body mass index, treatment status,
treatment, and all comorbid conditions (in A only). When considering the number of conditions continuously, the results are consistent with the number of
comorbidity categories. Hazard ratios (HRs) with 95% confidence intervals (Cls) are as follows: any disease activity (protocol defined [PD]) 1.03 (0.96-1.1), any
disease activity (PD + non-protocol defined [NPD]) 1.03(0.97-1.11), relapse (PD) 1.12 (0.99-1.27), relapse (PD + NPD) 1.15 (1.05-1.25), Expanded Disability Status
Scale (EDSS) score worsening 1.00 (0.89-1.11), and combined unique activity 0.97 (0.89-1.05). LCL = lower confidence limit; UCL = upper confidence limit.
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Table 4 Multivariable Cox regression models for any disease activity and individual disease activity components
including all comorbid conditions

Any disease activity

Relapses

Any disease activity (protocol- and Relapses (protocol and

(protocol-defined non-protocol-defined  (protocol non-protocol EDSS score Combined

relapses) relapses) defined) defined) worsening unique activity
Hypertension  0.93(0.73-1.17) 0.94 (0.75-1.19) 1.13(0.75-1.71) 1.03(0.78-1.38) 0.89(0.62-1.28)  0.95(0.73-1.25)
Dyslipidemia 1.32(1.01-1.72) 1.19 (0.92-1.55) 1.14 (0.69-1.88) 0.92 (0.64-1.31) 1.21(0.82-1.79)  1.03(0.75-1.41)
Diabetes 1.07 (0.75-1.51) 1.00 (0.71-1.41) 1.01 (0.54-1.89) 1.20(0.78-1.84) 1.28(0.76-2.16)  0.95 (0.63-1.43)
mellitus
Depression 1.03(0.88-1.21) 1.06 (0.91-1.24) 1.09 (0.81-1.46) 1.21(0.99-1.49) 1.04(0.81-1.34)  0.96 (0.80-1.15)
Anxiety 1.25(1.01-1.55) 1.22(0.99-1.51) 1.53(1.07-2.20) 1.38(1.07-1.78) 1.00(0.71-1.41)  1.16 (0.91-1.49)
Migraine 0.80 (0.67-0.96) 0.85(0.71-1.02) 0.85(0.61-1.19) 1.07 (0.86-1.34) 0.82(0.61-1.11)  0.80 (0.65-0.99)

Abbreviation: EDSS = Expanded Disability Status Scale.
Hazard ratios (95% confidence interval) are reported and are adjusted for age, sex, race, body mass index, treatment status, and treatment assignment.

non-protocol-defined HR 1.38, 95% CI 1.07-1.78; table 4).
To account for the possibility that prior relapses might in-
crease anxiety, we adjusted for the number of relapses in the
prior 12 months, and findings were consistent (protocol-
defined HR 1.49, 95% CI 1.04-2.14; protocol- and non-
protocol-defined HR 1.34, 95% CI 1.04-1.73). Depression
showed an increased hazard of relapses (protocol- and non—
protocol-defined HR 1.21,95% CI 0.99-1.49). As the number
of comorbid conditions increased, we observed an increased
hazard of relapses (protocol and non—protocol defined) 0 vs
1,2, and >3 (figure, B) after adjusting for all covariates. When
we examined the number of physical comorbid conditions,
those with 2 or 3 physical comorbid conditions had an in-
creased hazard of relapses (protocol and non-protocol de-
fined) (0 vs 2-3 HR 1.44, 95% CI 1.13-1.84).

Disability worsening

There was no significant association between any comorbidity
and confirmed disability worsening after controlling for
covariates (table 4 and figure, B).

Combined unique active lesions

The number of comorbid conditions was not associated with
CUA. Of the individual conditions, only migraine was asso-
ciated with CUA lesions (HR 0.80, 95% CI 0.65-0.99; table
4), showing a 20% decreased hazard rate of developing CUA.

Smoking

The addition of smoking status (ever/never) to the regression
models did not change most of the main findings (data not
shown). The effect of anxiety on any disease activity using
protocol- and non-protocol-defined relapses was observed
(HR 1.28, 95% CI 1.02-1.60), while some attenuation of the
effect of anxiety was seen on protocol-defined relapses (HR
1.38, 95% CI 0.93-2.06). There was mild attenuation of the
effect on migraine (HR 0.87, 95% CI 0.71-1.06) for any
disease activity using protocol-defined relapses and CUA (HR
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0.83, 95% CI 0.66-1.04). The results for current smoking
status were consistent with these results.

Discussion

We investigated the association between multiple comorbid
conditions with disease activity, including relapses, disability
worsening, and MRI activity, among 959 CombiRx phase III
clinical trial participants investigated. We found that comor-
bidity was common and that dyslipidemia and anxiety were
associated with an increased hazard of disease activity using
a stringent definition of relapses (protocol defined) over an
average of 4 years of follow-up, while migraine was associated
with a reduced hazard. In addition, in terms of the individual
components of disease activity, we observed that anxiety was
associated with an increased hazard of relapses and that
a greater number of comorbid conditions (all or physical) was
associated with relapses (protocol and non-protocol de-
fined), while migraine was associated with a lower hazard of
accumulating new lesions on MRI.

The CombiRx trial excluded potential participants with a his-
tory of any significant cardiac, hepatic, pulmonary, or renal
disease, immune deficiency, or other medical conditions that
would preclude therapy with IFN or GA. Moreover, partic-
ipants were relatively young and diagnosed with MS an average
of a year before enrollment. Nonetheless, we found that more
than half of participants had at least 1 of the specified comorbid
conditions and that the prevalence of comorbidity increased
over the course of the trial. The number of comorbid con-
ditions present was higher among participants who were
overweight or obese. The prevalence of comorbidity in this trial
population is consistent with the range of reported prevalence
estimates for hypertension, dyslipidemia, depression, and anx-
iety in prevalent MS populations.”® The prevalence of diabetes
mellitus was consistent with the prevalence reported at the time
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of MS diagnosis.">"”'**° While there are only a few reports on
migraine, the prevalence was also consistent with other
reports.>*" One report saw similar increases in the prevalence
of hypertension, dyslipidemia, and diabetes mellitus over S
years of follow-up.’® The increase in the prevalence of
comorbidity did not differ across treatment arms, but our
sample size and duration of follow-up were likely insufficient to
detect effects of IFN or GA on the risk of comorbidity. A large
study based on administrative data from British Columbia,
Canada, including 2,485 participants found that IFN use was
associated with an increased incidence of migraine (1.5S, 95%
CI 1.18-2.04) and depression (1.33,95% CI 1.13-1.56) during
an average of 8.0 (SD 3.8) years of long-term follow-up.>®

We observed a dose-response relationship between the number
of comorbid conditions and the risk of relapses. Two prior
observational studies have reported similar findings. In an
online study involving 2,399 respondents, the presence of >3
comorbid conditions was associated with increased odds of
reporting a relapse in the prior 12 months (odds ratio 2.60, 95%
CI 1.56-4.31)."" In a prospective study of 885 participants,
participants who reported >3 comorbid conditions at enroll-
ment had a higher relapse rate, according to medical records
review, over the following 2 years (rate ratio 1.45, 95% CI
1.00-2.08).°

We also found that specific comorbid conditions, including
anxiety disorders and dyslipidemia, were associated with
a shorter time to first evidence of any disease activity and
rigorously defined relapses. Prior studies of anxiety and disease
activity have been limited. One small cross-sectional study (n =
37) reported that the severity of anxiety was not associated with
relapse rate.”” While the etiology of the effects of anxiety on MS
clinical outcomes is unknown, further studies on the impact of
treatment of anxiety on disease activity are warranted. Findings
for dyslipidemia and relapses have been mixed. A Tasmanian
study of 141 patients found that lipid levels were not associated
with time to first relapse,”® and lipid levels were not associated
with relapse rate in a study of 181 individuals with clinically
isolated syndrome treated with IFN. In contrast, a Canadian
study found that self-reported dyslipidemia was associated with
a higher relapse rate over a 2-year period.” An Australian study
found that elevated triglyceride levels were associated with an
increased hazard of relapse after an incident demyelinating
event.”” These studies highlight inconsistencies in the approach
used to measure lipid status and the need to develop a consis-
tent approach in future studies to fully understand the role of
lipids on relapse activity. Variable use of lipid-lowering thera-
pies, including statins, also may have contributed to differences
across studies. Trials examining statins in MS have shown
mixed results.** >

Migraine was associated with a longer time to first evidence of
any disease activity, which appeared to be driven by its ap-
parently protective effect on MRI outcomes (CUA). Cross-
sectional studies have suggested that migraine is associated
with more lesions on MRI, while others have reported no
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difference in lesion number.””

Longitudinal studies that
have examined the within-person effects of migraine on ac-
cumulation of lesions over time in persons with MS are
lacking. Future studies should also investigate the influence of

chronic migraine therapies on MRI outcomes.

At enrollment, the median disability level was higher with
a greater number of comorbid conditions, but the number of
comorbid conditions was not associated with disability wors-
ening during the trial. Specific comorbid conditions we exam-
ined also were not associated with disability worsening.
Findings regarding disability at enrollment are consistent with
prior cross-sectional studies that have reported that an in-
creasing number of comorbid conditions is associated with
greater disability.w’34 In a cohort of 2,375 persons with MS, the
proportion reporting severe disability at diagnosis increased as
the number of comorbid conditions increased.>* In an online
cohort of 2,399 respondents, more comorbid conditions was
also associated with greater disability."” In contrast, the findings
regarding disability worsening are discordant with some prior
studies in larger cohorts that have found that depression, anx-
iety disorders, and vascular comorbid conditions, including
dyslipidemia, are associated with greater disability worsening
over time.>'®3%3¢ This difference may reflect several factors,
including the younger age of the cohort and shorter duration of
disease or differences in the ascertainment of comorbidity. Also
reflecting the early disease period of these participants, the
proportion of individuals with confirmed disability worsening
in the CombiRx cohort was relatively low, reducing statistical
power for this analysis. We examined time to first confirmed
disability worsening, whereas examining events using a re-
current events framework may be more powerful.

We focused on comorbid conditions while controlling for
comorbid health indicators such as obesity and smoking at
enrollment. Whereas other studies have reported that these
behaviors affect clinical outcomes,®*” smoking did not alter
most disease outcomes in this analysis. However, smoking
status was not available for the entire clinical trial population,
which may have limited our ability to detect an effect of
smoking and might have induced a selection bias. Recent
studies suggest that there is a time-dependent effect of smoking
cessation on disability worsening.38 Similarly, we did not ac-
count for changes in body mass index over the course of the
study, but this is an important area of future work given
emerging findings regarding the adverse effects of elevated
body mass index on brain atrophy®® and reports of reduced
treatment response in obese children with MS managed with
IFN and GA.*’

This study has limitations. While this study provides a consis-
tently described cohort to study, it was not designed to in-
vestigate the role of comorbid conditions on treatment. We
conducted multiple analyses, and our findings warrant replica-
tion. The ascertainment of comorbid conditions was not com-
prehensive, which potentially underrepresented the true burden
of comorbidity of study participants, lacked information on
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severity, and was subject to potential misclassification bias.
However, we were able to systematically account for conditions
that developed during the long follow-up of trial participants,
and our prevalence estimates were consistent with those
reported elsewhere. Future studies should also use laboratory
and formal diagnostic criteria for comorbidity assessment. Last,
we were unable to explore the effects of treatment of a specified
comorbidity on study outcomes because medications were used
in the determination of comorbidity status. This is an important
area for future research.

In CombiRx, a phase III clinical trial with up to 7 years of
follow-up, comorbidity was common among participants
despite the exclusion of participants with severe morbidity
and influenced disease outcomes, including relapses and the
accumulation of new lesions on MRI. The association of
a higher count of comorbid conditions with higher relapse
rates suggests that this may be a simple prognostic tool for
clinicians. This study also has practical implications for the
care of people with MS, highlighting the need to emphasize
the importance of maintaining a healthy weight and appro-
priate management of comorbid conditions in the manage-
ment of our patients with MS. Our findings support prior
recommendations to consistently describe the comorbidity
status of clinical trial populations.'’ Our findings also suggest
that, by influencing event rates, the comorbidity burden of
clinical trial participants with MS may be an important factor
in the outcome of clinical trials. Additional investigations of
the impact of comorbidity on clinical trial outcomes and re-
sponse to disease-modifying therapies are warranted.
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