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Abstract

Background: The use of non-specific immunosuppressants (NSIS) to treat multiple sclerosis (MS)
remains prevalent in certain geographies despite safety concerns, likely due to resource limitations.
Objective: To use MSBase registry data to compare real-world outcomes in adults with relapsing-remitting
MS (RRMS) treated with dimethyl fumarate (DMF) or NSIS (azathioprine, cyclosporine, cyclophosphamide,
methotrexate, mitoxantrone or mycophenolate mofetil) between January 1, 2014 and April 1, 2022.
Methods: Treatment outcomes were compared using inverse probability of treatment weighting (IPTW) Cox
regression. Outcomes were annualized relapse rates (ARRs), time to discontinuation, time to first relapse
(TTFR) and time to 24-week confirmed disability progression (CDP) or 24-week confirmed disability improve-
ment (CDI; in patients with baseline Expanded Disability Status Scale [EDSS] score >2).

Results: After IPTW, ARR was similar for DMF (0.13) and NSIS (0.16; p =0.29). There was no dif-
ference in TTFR between cohorts (hazard ratio [HR]: 0.98; p =0.84). The DMF cohort experienced
longer times to discontinuation (HR: 0.75; p=0.001) and CDP (HR: 0.53; p=0.001), and shorter
time to CDI (HR: 1.99; p<0.008), versus the NSIS cohort.

Conclusion: This analysis supports the use of DMF to treat patients with relapsing forms of MS, and
may have implications for MS practices in countries where NSIS are commonly used to treat RRMS.

Keywords: Dimethyl fumarate, non-specific immunosuppressants, relapsing-remitting multiple sclerosis,
real-world, effectiveness

Date received: 5 October 2023; accepted 27 March 2024

Introduction

Non-specific immunosuppressants (NSIS), such as
azathioprine, cyclophosphamide, methotrexate and
mitoxantrone, have been used in the treatment of mul-
tiple sclerosis (MS) for up to 60 years." The only NSIS
to be indicated for MS in the United States and across
Europe is mitoxantrone, with its indication in Europe
being for highly active relapsing MS in patients for
whom no alternative treatments are available.*”
Despite a lack of data on their safety and efficacy from
controlled clinical trials, other NSIS are frequently
used off-label to treat MS.

NSIS reduce the proliferation of all rapidly dividing
cells, including immune cells, through interfering
with the cell’s life cycle either via a blocking, cyto-
static action or by stopping DNA replication and
inducing cell death."*> As a consequence, NSIS not
only reduce autoimmune activity, but also immune
activity including protection from infectious agents
and cancer prevention.’ Safety concerns such as
increased risk of infection or neoplasia need to be
considered alongside the potential benefits of using
NSIS.* Long-term azathioprine, for example, is asso-
ciated with an increased rate of malignancy,®” and has
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only modest effectiveness for treatment of MS.*? NSIS
are generally considered to have an unfavourable
risk-to-benefit ratio for MS.’

Such concerns around NSIS have contributed to the
increased use of disease-modifying therapies (DMTs)
including interferons, glatiramer acetate, teriflunomide,
alemtuzumab, sphingosine-1-phosphate receptor mod-
ulators (S1PRMs), fumarates, natalizumab and anti-
CD20 monoclonal antibodies (mAbs).'® Dimethyl
fumarate (DMF) is an oral fumarate approved in the
US for the treatment of relapsing forms of MS and
in the EU for the treatment of relapsing-remitting
MS (RRMS).!!> DMF is one of the most commonly
used DMTs worldwide and has shown clinical effi-
cacy through phase 3 trials and over numerous years
of patient exposure.'*™'> As of 31 December 2023,
approximately 607,448 patients had been treated
with DMF, representing over 1.4 million patient-years
of exposure.'® Use of NSIS for the treatment of MS
continues in some countries around the world,
despite the availability of DMTs such as DMF.
There is relatively little comparative evidence on the
clinical outcomes of NSIS and DMTs, and no prior
studies have assessed the effectiveness of DMF
versus NSIS for the treatment of MS. As DMF is
now approved in countries such as China, where
NSIS are still used as standard of care,'” this study uti-
lized patient data from the MSBase registry database
to compare real-world clinical effectiveness outcomes
of DMF and NSIS.

Methods

Study design

MSBase is an international, online registry for the col-
lection and evaluation of real-world outcomes data in
MS.'® MSBase was initiated in 2004 and comprises
over 86,000 patient records from 45 participating
countries.'® This retrospective analysis utilized data
from across 29 countries extracted from the MSBase
registry to compare outcomes for DMF and NSIS in
the primary analysis sample. The MSBase registry
is registered with World Health Organization
International Clinical Trials Registry Platform
(ACTRN12605000455662).° MSBase was approved
by Melbourne Health Human Research Ethics
Committee and by each site’s institutional review
board. All patients had provided written or verbal
consent.

Patients
Patients with RRMS aged >18 years (based on age at
index date) who initiated DMF or an NSIS as

monotherapy from January 1, 2014, to April 1,
2022 were identified in the MSBase registry database.
For the purpose of this study, the NSIS group was
considered to include azathioprine, cyclosporine, cyclo-
phosphamide, methotrexate, mitoxantrone and mycophe-
nolate mofetil; ‘non-specific’ was used to distinguish
these agents from other immunosuppressants including
anti-CD20 mAbs, such as ocrelizumab, and anti-CD52
mAbs, such as alemtuzumab, both of which are approved
in the US for the treatment of relapsing MS 2!

Eligible patients were required to be on therapy for at
least 6 months, due to the potential use of NSIS as
induction therapy”° and subsequent discontinu-
ation in the first months. We were not able to
analyze safety profiles of DMF and NSIS because
of the low data density of this outcome.

Outcomes

Data for baseline demographics, disease status and
history and treatment history were extracted.
Outcomes evaluated in the DMF and NSIS cohorts
were time to discontinuation, annualized relapse rate
(ARR), time to first relapse (TTFR) and time to
24-week confirmed disability progression (CDP);
time to 24-week confirmed disability improvement
(CDI) was assessed in patients with baseline
Expanded Disability Status Scale (EDSS) score >2.
Patients were followed from treatment initiation
until censored at time of event, end of on-treatment
follow-up or last recorded registry visit.

Statistical methods

Categorical variables were summarized using fre-
quency and percentage. Continuous variables were
summarized using mean and standard deviation
(SD) or median and interquartile range (IQR) as
appropriate. Inverse probability of treatment weight-
ing (IPTW) weighted Cox regression was used to
model outcomes. To adjust for potential confounding,
propensity scores were generated using logistic
regression to estimate the predicted probability of
receiving DMF relative to NSIS as a function of
age, sex, duration of MS disease, baseline EDSS
score, country, pre-baseline relapse activity and
sequence of prior DMTs at the index date.
Weighted standardized differences were derived to
assess post-weighting confounder balance.

We conducted several robustness and sensitivity ana-
lyses. First, a 1:1 propensity score matching analysis
was performed using a caliper of 0.05, and conducted
without replacement. Second, the population was
trimmed to the 95th percentile of the propensity
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score to assess the impact of outliers. Third, analyses
compared outcomes between the DMF cohort and the
NSIS subset who received azathioprine only. Fourth,
DMF and NSIS cohorts only included patients who
were treatment-naive prior to index treatment.
Lastly, outcomes were assessed in patients with
more closely matched baseline EDSS scores (score
<6.0; standardized difference <15%). IPTW was
recalculated for each analysis. All analyses were con-
ducted in Stata version 17 (StataCorp, College
Station, Texas).

Data availability

The data that support the findings of this study are not
available for sharing since the author group are not
permitted to share patient-level data with anyone
not specified in the original permission report.
MSBase data are more broadly available to research-
ers upon request subject to satisfying the MSBase
internal approval procedures.

Results

Patients

At data extraction (January 2, 2022), there were
78,409 patient records in the database, of whom
63,863 patients had a diagnosis of RRMS. After
applying the inclusion criteria, 2707 patients in the
DMF cohort and 516 patients in the NSIS cohort
were identified who had initiated therapy from 2014
onward and had a minimum of 6 months’ exposure
(Figure 1).

Patients were distributed across 29 countries, with the
highest proportions of patients in the DMF cohort
coming from Australia (15.6%), Italy (13.7%), Spain
(13.7%) and Turkey (12.4%), and in the NSIS cohort
coming from Turkey (30.6%), Italy (14.3%), Iran
(12.6%) and Egypt (11.6%). In the NSIS cohort,
patients received azathioprine (n =331), methotrexate
(n=287), cyclophosphamide (n=55), mitoxantrone
(n=21), mycophenolate mofetil (»n=21) or cyclo-
sporine (n=1). Patient demographic and disease
characteristics at baseline are shown in Table 1.

Characteristics of the DMF cohort were changed fol-
lowing IPTW, while those of the NSIS cohort
remained unchanged (Table 1). Cohorts were gener-
ally well balanced across baseline parameters with
small weighted standardized differences after weight-
ing, although a residual imbalance in EDSS was
observed. EDSS scores were higher in the NSIS
cohort in both the unweighted sample (median
[IQR], 4 [2-6]) compared with the DMF cohort

(median [IQR], 2 [1-3]) as well as the IPTW
sample (median [IQR], 4 [2-6]) compared with the
DMF cohort (median [IQR], 2.1 [1.1-3.3]). Mean
(SD) age was 39.0 (11.4) versus 42.4 (12.9) years
before weighting and 44.8 (17.8) versus 42.4 (12.9)
years after IPTW in DMF and NSIS groups, respect-
ively. Mean (SD) years of disease duration was 8.3
(7.9) versus 9.9 (9.4) years before weighting and 9.5
(9.3) versus 9.9 (9.4) years after IPTW in DMF and
NSIS groups, respectively. Patient demographics
and baseline characteristics for all robustness and sub-
group analyses are presented in Supplemental Tables
1-5.

Mean (SD) on-treatment follow-up times were 2.46
(1.68) years on DMF and 2.09 (1.43) years on
NSIS, pre-weighting, and 2.45 (1.52) years and 2.05
(1.37) years, respectively, post-IPTW. Mean (SD)
number of EDSS assessments over follow-up on treat-
ment was 4.81 (3.34) in the DMF cohort and 4.96
(3.44) in the NSIS cohort.

Outcomes after IPTW

Kaplan-Meier estimates for proportions of patients
who had not discontinued treatment (i.e. those persist-
ing on treatment) in the DMF and NSIS cohorts were,
respectively, 86.9% (95% CI: 85.5-88.1) and 82.3%
(95% CI: 78.6-85.4) at 1 year, and 68.6% (95% CI:
66.6-70.4) and 59.9% (95% CI: 55.0-64.4) at
2 years (Figure 2). Time to discontinuation was signifi-
cantly longer for DMF versus NSIS, with a hazard ratio
(HR) of 0.75 (95% CI: 0.64-0.89; p=0.001).

ARR was similar for DMF (0.13 [95% CI: 0.12-0.14])
and NSIS (0.16 [95% CI: 0.14-0.19]; p=0.29). There
was no difference in TTFR between the cohorts (HR:
0.98 [95% CI: 0.79-1.21]; p=0.84) (Figure 3).

A higher proportion of patients on DMF remained
free of 24-week CDP at 1, 2 and 5 years versus
patients on NSIS (HR: 0.53 [95% CI: 0.39-0.73];
p<0.001) (Figure 4).

Of patients with baseline EDSS score >2 (DMF, n=1411;
NSIS, n=411), estimated proportions achieving
24-week CDI were higher in the DMF cohort
versus the NSIS cohort (HR: 1.99 [95% CI: 1.2—
3.3]; p=0.008) (Figure 5).

Outcomes of robustness and subgroup analyses
Outcomes after propensity score matching. Following

1:1 propensity score matching, there were 346
patients in the DMF cohort and 346 patients in the
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Patients with RRMS diagnosis in MSBase

N = 63,863

DMF treatment start from
2014 onwards (episodes)
n =4351

First treatment episodes only
n =4194

Minimum data for matching
variables available
n = 3030

Minimum 6 months

persistence on DMF
n = 2707

Figure 1. Patient attrition for DMF and NSIS cohorts.

NSIS treatment start from
2014 onwards (episodes)

n = 2142
3

First treatment episodes only
n=1792

Minimum data for matching
variables available
n=1185

|
Minimum 6 months

persistence on NSIS
n=>516

DMEF: dimethyl fumarate; NSIS: non-specific immunosuppressant; RRMS: relapsing-remitting multiple sclerosis.

NSIS cohort, representing 12.8% and 67.1% of the
primary DMF and NSIS cohorts, respectively. ARR
was 0.17 (95% CI: 0.15-0.21) for DMF and 0.19
(95% CI: 0.16-0.22) for NSIS (p =0.50). No signifi-
cant differences were observed between the cohorts
across any of the other outcomes assessed (Table 2).

Trimming of top and bottom 5% based on propensity
score. After the top and bottom 5% of the cohorts
were trimmed based on propensity score, there were
2470 patients in the DMF cohort and 296 patients in
the NSIS cohort. The results were generally similar
to the overall population. ARR was 0.13 (95% CI:
0.12-0.14) for DMF and 0.20 (95% CI: 0.16-0.24)
for NSIS (p=0.0001). Other outcomes favourable
for DMF versus NSIS were time to treatment discon-
tinuation, TTFR and time to 24-week CDI in patients
with baseline EDSS score >2 (Table 2). No signifi-
cant difference was observed in time to 24-week
CDP between DMF and NSIS.

Comparison of DMF and azathioprine cohorts.
When outcomes were compared between patients on
DMF (n=2707) and those on the most commonly
used NSIS, azathioprine (n=331), all outcomes
apart from time to treatment discontinuation were sig-
nificantly different in favour of DMF (Table 2).

Outcomes in treatment-naive patients. When assessed
in patients who were treatment-naive prior to index
treatment (DMF, n =383; NSIS, n=123), outcomes
that were significantly in favour of DMF versus
NSIS were ARR, TTFR, time to 24-week CDP and
time to 24-week CDI in patients with baseline
EDSS score >2 (Table 2). Time to treatment discon-
tinuation in these patients was not significantly differ-
ent between the cohorts (HR: 0.70 [95% CI: 0.48—
1.02]; p=0.06).

Matching of EDSS scores. Outcomes were assessed
in the subset of patients weighted so baseline EDSS
scores were more closely matched (score <6.0; stan-
dardized difference <15%). ARR was significantly
lower for DMF (0.13 [95% CI: 0.12-0.14]) versus
NSIS (0.18 [95% CIL 0.15-0.22]; p=0.0008)
(Table 2). Time to treatment discontinuation, TTFR
and time to 24-week CDP outcomes favoured DMF
compared with NSIS. No significant difference was
observed in time to 24-week CDI in patients with base-
line EDSS score >2 between the DMF and NSIS
cohorts (HR: 1.09 [95% CI: 0.64-1.95]; p=0.75).

Discussion
This analysis of real-world data from the international
MSBase registry indicates that patients with RRMS
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Table 1. Patient demographics and baseline characteristics for unadjusted and weighted analyses.

Unadjusted Weighted®
Weighted
DMF NSIS Standardized DMF NSIS standardized
Characteristic (n=2707) (n=516) difference (n=2707) (n=516) difference®
Age, mean (SD), 39.0 (11.4) 42.4 (12.9) —-0.278 44.8 (17.8) 424 (12.9) —0.155
years
Sex, n (%)
Female 1885 (69.6) 382 (74.0) —0.098 1903 (70.3) 382 (74.0) —0.101
Male 822 (30.4) 134 (26.0) 804 (29.7) 134 (26.0)
Disease 8.3 (7.9) 9.9 (94) -0.191 9.5(9.3) 9.9 (9.4) —0.015
duration,
mean (SD),
years
EDSS, median 2 (1-3) 4(2-6) 0919 2.1 (1.1, 3.3) 4 (2, 6) 0.183
(IQR)
Relapses in prior  0.65 (0.76) 0.64 (0.84) 0.010 0.75 (0.90) 0.64 (0.84) -0.145
year, mean
(SD)
Pre-baseline
MS therapies,®
n (%)
0 383 (14.2) 123 (23.8) 0.202 387 (14.3) 123 (23.8) 0.131
1 626 (23.1) 107 (20.7) 614 (22.7) 107 (20.7)
2 472 (17.4) 86 (16.7) 465 (17.2) 86 (16.7)
>3 1226 (45.3) 200 (38.8) 1241 (45.8) 200 (38.8)

DMEF: dimethyl fumarate; EDSS: Expanded Disability Status Scale; IQR: interquartile range; MS: multiple sclerosis;
NSIS: non-specific immunosuppressants; SD: standard deviation.

Ns for the weighted pseudopopulation (N = 3200) were rounded to nearest integer.

®Propensity score derived based on age, sex, disease duration, baseline EDSS, country, pre-baseline relapse activity

and treatment order.

°MS therapy defined as either disease-modifying therapy or immunosuppressant.

treated with DMF had significantly longer times to
discontinuation and 24-week CDP than patients on
NSIS, and significantly shorter time to 24-week
CDI. ARR and TTFR were comparable between the
treatment cohorts. These outcomes may be of value
since there are limited data comparing clinical effi-
cacy or real-world outcomes of NSIS with either
DMF or with other DMTs more widely. Use of
NSIS as treatment for MS persists in many countries.
In China, there were no oral DMTs approved prior to
2018, and therefore, NSIS remain among the most
commonly used drugs to treat MS due to limited
availability of DMTs.'” Ensuring access to oral
DMTs in these countries may become an important
issue for patients with MS.

For DMF, Kaplan-Meier estimates of proportions dis-
continuing treatment at 12 and 24 months (13.1% and

31.4%, respectively) were lower than other reports of
real-world use of DMF in 531 patients at single
centres in the US (~28% and ~45%, respectively)
and in 2697 patients in a French claims database ana-
lysis (32.0% and 46.5%, respectively), possibly due to
differences in study design or patient population.*?’
However, the 24-month estimate was similar to the
overall discontinuation rates reported for the rando-
mized phase 3 DEFINE and CONFIRM studies
(31% and 30%, respectively) over the 96-week
study durations.'*'* These comparisons of discon-
tinuation rates are challenging since discontinua-
tions due to tolerability issues typically occur
within the first 6 months on DMF,**** and patients
with <6 months of treatment were excluded from
the analyses. Therefore, the differences in discon-
tinuation rates reported here and in other real-world
studies of DMF are likely to be due to the exclusion

www.sagepub.com/msjetc
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Figure 2. Time to discontinuation for DMF versus NSIS after IPTW Cox regression analysis.
CI: confidence interval; DMF: dimethyl fumarate; IPTW: inverse probability of treatment weighting; K-M: Kaplan-Meier;
NSIS: non-specific immunosuppressant.
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Figure 3. TTFR for DMF versus NSIS after [IPTW.
CI: confidence interval; DMF: dimethyl fumarate; IPTW: inverse probability of treatment weighting;
IS: immunosuppressant; K-M: Kaplan-Meier; NSIS: non-specific immunosuppressant; TTFR: time to first relapse.
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Figure 4. Time to 24-week CDP for DMF versus NSIS after IPTW.
CDP: confirmed disability progression; CI: confidence interval; DMF: dimethyl fumarate; IPTW, inverse probability of
treatment weighting; IS: immunosuppressant; K-M: Kaplan-Meier; NSIS: non-specific immunosuppressant.
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Figure 5. Time to 24-week CDI for DMF versus NSIS after PS-IPTW in patients with baseline EDSS score >2.
CDI: confirmed disability improvement; CI: confidence interval; DMF: dimethyl fumarate; EDSS: Expanded Disability
Status Scale; IPTW: inverse probability of treatment weighting; IS: immunosuppressant; K-M: Kaplan-Meier;

PS: propensity score; NSIS: non-specific immunosuppressant.
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Table 2. Outcomes for primary analysis, robustness analyses and subgroup analyses.
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Time to 24-week with baseline
CDP

Time to first

relapse

ARR (95% CI) DMF Time to treatment

NSIS

DMF

EDSS score >2

discontinuation

cohort vs NSIS

cohort

Analysis

0.68 (0.54-0.86) 0.55 (0.36-0.83) 1.09 (0.64—1.85)

0.13 (0.12-0.14) vs. 0.77 (0.64-0.93)

304

2707

Patient subset matched

0.75

p=
(DMF, n

0.005

p:

0.001

p=

0.006

p:

0.18 (0.15-0.22)

based on EDSS scores

2707)
304)

0.0008

p

(NSIS, n

ARR: annualized relapse rate; CDI: confirmed disability improvement; CDP: confirmed disability progression; CI: confidence interval; DMF: dimethyl fumarate;

EDSS: Expanded Disability Status Scale; IPTW: inverse probability of treatment weighting; NSIS: non-specific immunosuppressant.

IPTW Cox regression was performed. [IPTW-adjusted propensity score derived based on age, sex, disease duration, baseline EDSS, country, pre-baseline relapse activity and

treatment order.

of patients with <6 months’ exposure from the
current analysis.

Further to the relative paucity of comparative efficacy
data for NSIS, randomized controlled studies of NSIS
in patients with MS are limited. Clinical trials have
shown favourable outcomes for mitoxantrone and
azathioprine in terms of reducing relapse rates,
however, efficacy against disability progression has
not been established.'***? This is consistent with
the findings of this analysis, as while there was no dif-
ference in ARR or TTFR between the cohorts, DMF
had a significantly longer time to 24-week CDP
than NSIS. As there were no data concerning
adverse events (AEs) or safety, time to discontinu-
ation served as a surrogate marker for tolerability in
patients who received DMF or NSIS and were docu-
mented in the MSBase registry. Time to discontinu-
ation was longer for patients on DMF than those on
NSIS and could potentially indicate a better safety
and/or tolerability profile; however, as described
above, patients with <6 months’ treatment were
excluded from the analyses, therefore eliminating
the time period during which discontinuations of
DMEF due to tolerability issues occur most frequently.

The propensity score-IPTW process weighted the
DMEF cohort to reflect specific baseline characteristics
of the NSIS cohort more closely, therefore rendering
the cohorts more comparable for the assessment of
outcomes. This resulted in an increase in mean age
from 39.0 years in the unadjusted DMF cohort to
44.8 years in the weighted DMF cohort, and an
increase in mean disease duration from 8.3 years to
9.5 years, respectively. The outcomes reported for
the weighted DMF cohort could be considered as
hypothetical outcomes for the NSIS cohort were
these patients to have received DMF instead, with
the caveat that some unmeasured confounding
factors remain such as potential differences in MRI.

Robustness analyses were also employed. An analysis of
trimming down the top and bottom 5% of the population
based on propensity score to remove outliers indicated
that the DMF cohort had a significantly longer time to
treatment discontinuation than the NSIS cohort, consist-
ent with the primary analysis. In contrast to the primary
analysis, removing outliers resulted in a longer TTFR
among DMF-treated patients versus NSIS-treated
patients. ARR outcomes significantly favoured DMF
compared with NSIS after trimming. After weighting
to match cohorts on baseline EDSS scores more
closely, all outcomes favoured DMF apart from time to
24-week CDI in patients with baseline EDSS score >2.
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When outcomes were compared between DMF and
azathioprine, the largest contributor to the NSIS
cohort, DMF had significantly lower ARR, signifi-
cantly longer TTFR and 24-week CDP and signifi-
cantly shorter time to 24-week CDI. There was no
difference between DMF and azathioprine regarding
time to treatment discontinuation. This is consistent
with azathioprine having a more favourable short-
term safety profile than other NSIS such as mitoxan-
trone and cyclophosphamide, but having moderate
efficacy.®! Subgroup analysis of treatment-naive
patients showed DMF to have better outcomes on
effectiveness measures compared with NSIS.

DMF has well-established efficacy, tolerability and
safety profiles. Data from the phase 3 clinical
studies have shown DMF to reduce the frequency of
relapse compared with placebo, although the effect
on disability progression was not conclusive.'>'
However, in an integrated analysis of the phase 3
DEFINE and CONFIRM studies, DMF showed a stat-
istically significant effect on 12-week and 24-week
CDP compared with placebo, possibly due to the
increased sample size allowed by this analysis.>> The
most common AEs associated with DMF treatment
are flushing and gastrointestinal disorders, including
nausea, diarthoea and abdominal pain; gastrointestinal
events are the most common AEs leading to discontinu-
ation, usually within the first month of treatment.'*!43%
37 Safety data for up to 13 years from the ENDORSE
study support that DMF has a favourable long-term
safety profile, with most AEs being mild to moderate."
While NSIS are powerful suppressants of the immune
system, their use comes with considerable safety con-
cerns. There is a risk of potentially fatal congestive
heart failure with mitoxantrone, which may occur
during therapy or even months or years after discontinu-
ation. Cardiotoxicity risk increases with cumulative dose
and may occur whether cardiac risk factors are present
or not. Mitoxantrone also has an associated risk of
secondary acute promyelocytic leukemia.>*3' With
azathioprine, the major safety concern is the increased
risk of skin cancers, non-Hodgkin lymphoma or other
malignancies with long-term use.>’>' A cohort study
of patients with inflammatory bowel disease indicated
that treatment with azathioprine was associated with
an increased incidence of cancer, with adjusted rate
ratio (95% CI) of 1.41 (1.15-1.74) compared with
patients who had not been treated with azathioprine.*®
Safety concerns with cyclophosphamide are severe
immunosuppression, leading to serious and potentially
fatal infections and potentially fatal cardiotoxicity.
Frequent, non-fatal side effects include alopecia, infer-
tility, amenorrhoea, nausea, vomiting, haemorrhagic

cystitis, leukopenia and pulmonary interstitial fibrosis.
In addition, cyclophosphamide is a teratogen.*>'>°
Given the safety concerns around NSIS, a significant
limitation of this study was the lack of safety data
that would have enabled comparison of the safety pro-
files of DMF and NSIS. However, the variant safety
profiles across different NSIS would complicate the
comparison of safety data between DMF and NSIS.

This study also had methodological limitations. Using
IPTW, this analysis controlled for several confoun-
ders, including age, sex, MS disease duration, base-
line EDSS score, country, pre-baseline relapse
activity and treatment order, to ensure outcomes
could be compared between the treatment cohorts.
Despite this comprehensive list, there may be other
potential confounders that have not been controlled
for that could bias the results. Although baseline char-
acteristics were generally well balanced based on a +
15% threshold of standardized differences, some
imbalances between the patient cohorts emerged,
especially in terms of EDSS scores, for which there
was a standardized difference of 0.183 post-weighting.
Therefore, several sensitivity analyses, including closer
matching of EDSS scores, were performed to test the
robustness of the results. In the analysis of patient
subsets matched based on EDSS scores, outcomes
including ARR and TTFR were favourable for DMF.
Additionally, a 1:1 propensity score matching analysis
showed no significant differences between DMF and
NSIS for ARR, time to treatment discontinuation,
TTFR and time to 24-week CDP. Although there was
a tendency for better outcomes in the DMF group,
these did not reach statistical significance, possibly
due to a lower sample size in this analysis.

Another limitation is that patients who had been on
treatment for <6 months were excluded from this ana-
lysis due to potential use of NSIS as induction
therapy with subsequent discontinuation within the
first months. By doing so, a bias in favour of DMF
could have been introduced whereby only patients
who tolerated the drug in the first 6 months and per-
sisted on treatment were included, as it is known that
tolerability issues occur mostly in the first months of
DMF use.*®* Potential use of NSIS as induction
therapy for longer than 6 months with subsequent dis-
continuation could have further biased the results.

Conclusion

This analysis indicated favourable outcomes for DMF
compared with NSIS in terms of time to discontinu-
ation, time to 24-week CDP and time to 24-week
CDI. These outcomes may have implications for

www.sagepub.com/msjetc



Spelman et al.

MS practices in countries where NSIS are commonly
used to treat relapsing forms of MS. However, gener-
alization to other geographies should be conservative
as medical practices differ across countries. The out-
comes reported here support the use of DMF in the
treatment of patients with relapsing forms of MS.
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