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Abstract

Introduction The advent of new disease-modifying therapies (DMTs), such as monoclonal antibodies (mAbs),
resulted in significant changes in the treatment guidelines for Multiple sclerosis (MS) and improvement in the clinical
outcomes. However, mAbs, such as rituximab, natalizumab, and ocrelizumalb, are expensive with variable effectiveness
rates. Thus, the present study aimed to compare the direct medical cost and consequences (e.g., clinical relapse,
disability progression, and new MRI lesions) between rituximab and natalizumab in managing relapsing-remitting
multiple sclerosis (RRMS) in Saudi Arabia. Also, the study aimed to explore the cost and consequence of ocrelizumab
in managing RRMS as a second-choice treatment.

Methods The electronic medical records (EMRs) of patients with RRMS were retrospectively reviewed to retrieve
the patients’ baseline characteristics and disease progression from two tertiary care centers in Riyadh, Saudi Arabia.
Biologic—naive patients treated with rituximab or natalizumab or those switched to ocrelizumab and treated for at
least six months were included in the study. The effectiveness rate was defined as no evidence of disease activity
(NEDA-3) (i.e., absence of new T2 or T1 gadolinium (Gd) lesions as demonstrated by the Magnetic Resonance
Imaging (MRI), disability progression, and clinical relapses), while the direct medical costs were estimated based on
the utilization of healthcare resources. In addition, bootstrapping with 10,000 replications and inverse probability
weighting based on propensity score were conducted.

Results Ninety-three patients met the inclusion criteria and were included in the analysis (natalizumab (n=50),
rituximab (n=26), ocrelizumab (n=17)). Most of the patients were otherwise healthy (81.72%), under 35 years of

age (76.34%), females (61.29%), and on the same mAb for more than one year (83.87%). The mean effectiveness

rates for natalizumab, rituximab, and ocrelizumab were 72.00%, 76.92%, and 58.83%, respectively. Natalizumab mean
incremental cost compared to rituximab was $35,383 (95% Cl: $25,401.09- $49,717.92), and its mean effectiveness
rate was 4.92% lower than rituximab (95% Cl: -30-27.5) with 59.41% confidence level that rituximab will be dominant.
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Conclusions Rituximab seems to be more effective and is less costly than natalizumab in the management of
RRMS. Ocrelizumab does not seem to slow the rates of disease progression among patients previously treated with

natalizumab.

Keywords Multiple sclerosis, Relapsing-remitting, Natalizumab, Rituximab, Ocrelizumalb, Cost effectiveness, Evidence

based practice

Background

Multiple sclerosis (MS), is a complex neurodegenerative,
inflammatory, progressive disease that results in multiple
disabilities and is the most common disabling disease
among young adults. [1, 2] Most patients show symptoms
early in their 20s up to their late 30s, [2, 3] and females
are more likely than males to experience MS symptoms.
[4] According to the Global Burden of Disease (GBD)
study, about 2.2 million people living with MS as of 2016,
[5] and they are believed to reach 2.8 million in 2020.
[4] The Middle East and North Africa (MENA) coun-
tries have low to moderate incidence rates of MS. How-
ever, recent studies indicate increasing incidence rates of
MS in the MENA region. [6] This might be attributable
to changes in people’s lifestyle in the MENA region and
higher exposure to different environmental factors, such
as the Epstein-Barr virus infection, obesity, smoking, and
low vitamin D levels. [7] Among the member states of
the Arabian Gulf Cooperation Council, the prevalence
rate of MS is estimated to be more than 30 per 100,000
people, with Saudi Arabia having the highest preva-
lence of 40.40 per 100,000 people as of September 2018,
according to a registry-based study that surveyed 20 hos-
pitals in different regions of Saudi Arabia. [8] Relapsing-
remitting MS (RRMS) is the most common type of MS,
representing more than 80% of the diagnosed MS cases.
[9] However, there are other types of MS, such as the pri-
mary— progressive MS (PPMS), secondary— progressive
MS (SPMS), or progressive- relapsing MS (PRMS), which
are not commonly seen in comparison to RRMS. Never-
theless, they have multiple signs/symptoms in common,
such as fatigue, vision problems, mobility problems, and
tingling or numb sensation. [10]

Due to the progressive and debilitating nature of MS,
different medications have been approved to manage
this disease and halt its progression. [11] However, none
of the DMTs entirely prevents or reverse the progres-
sive deterioration in the neurological functions of MS
patients. [12] These medications are known as disease-
modifying therapies (DMTs). They belong to different
pharmacological classes, such as interferons (e.g., inter-
feron beta-1b, interferon beta-la), orally administered
DMTs (e.g., fingolimod, siponimod, ozanimod, dimethyl
fumarate, teriflunomide, and cladribine), and monoclonal
antibodies (e.g., natalizumab, ocrelizumab, and alemtu-
zumab) which are commonly used in the management of
MS in general, and RRMS in particular. [13] Monoclonal

antibodies (mAbs) have proven their clinical superiority
in comparison to other DMTs, such as interferons and
orally administered therapies (e.g., fingolimod). [14—17]
Rituximab and natalizumab are the most commonly
utilized mAbs in the management of RRMS. They have
demonstrated their effectiveness in reducing the rate of
new lesion formation as demonstrated by Magnetic Reso-
nance Imaging (MRI), physical disability, clinical relapse,
and Expanded Disability Status Scale (EDSS) scores. [14,
16, 18-22] Although rituximab does not have a labeled
indication for treating of RRMS, it has been widely used
in different healthcare settings. [14, 20, 21] Moreover, it
has shown comparable effectiveness and discontinuation
rates to natalizumab. It has seemingly better long—term
outcomes based on observational data from a single—cen-
ter study in the United States (U.S.). [17] Furthermore,
rituximab was associated with favorable relapse reduc-
tion compared to natalizumab based on a registry-based
study in the U.S. that followed 204 MS patients on natali-
zumab and 115 patients on rituximab for 24 months.
[23] In addition, rituximab has been shown to be more
cost-effective than natalizumab in all of the simula-
tions in a Markov—based model study that included 120
RRMS patients from Shiraz in Iran. [20] However, these
studies were mainly based on observational data from a
single center, limiting their results generalizability. On
the other hand, ocrelizumab is a relatively new mAb that
was approved by the USFDA in March 2017 and consid-
ered a better exit strategy for patients who failed natali-
zumab compared to other DMTs, such as fingolimod.
[24] Moreover, it is considered a safe alternative therapy
among natalizumab-treated patients at risk of progres-
sive multifocal leukoencephalopathy (PML). [24—-26] In a
recently published study that evaluated different classes
of DMTs for the management of RRMS in Saudi Arabia,
mADbs (e.g., natalizumab and rituximab) were found to be
the most effective DMTs in reducing the risk of physical
disability progression, clinical relapse, and formation of
new MRI lesions at 12 months follow—up compared to
interferons (e.g., Rebif*), and orally administered DMTs
(e.g., fingolimod, dimethyl fumarate, and teriflunomide).
[27] However, no study has thus far examined the effec-
tiveness and costs of individual mAbs in Saudi Arabia
using real-world data. Therefore, this study aimed to
compare the effectiveness of rituximab versus natali-
zumab in reducing the risk of disability progression, for-
mation of new MRI lesions, and clinical relapse as well as
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their annual direct medical costs among RRMS patients.
Moreover, the effectiveness and cost of ocrelizumab as a
second-choice therapy for RRMS were evaluated.

Methods

Study design and population

This study was a retrospective review of electronic medi-
cal records (EMRs) that took place at two tertiary care
centers (King Khalid University Hospital (KKUH) and
King Saud Medical City (KSMC)) in Riyadh, Saudi Ara-
bia. Ambulatory patients with relapsing-remitting mul-
tiple sclerosis (RRMS), and treated with mAbs (e.g.,
natalizumab, rituximab, ocrelizumab) for at least six
months were recruited between May 2015 and February
2022. Patients with less than six months of follow—up,
and those with other neurological disorders, such as epi-
lepsy or Parkinson’s disease, or other types of MS (e.g.,
secondary progressive MS (SPMS) and primary progres-
sive MS (PPMS)) were excluded. In addition, only bio-
logic—naive patients on natalizumab or rituximab were
included, but not ocrelizumab since it is used as a sec-
ond-choice therapy.

Data collection

Sociodemographic characteristics (e.g., age and gender),
medical characteristics (e.g., comorbidities), names, dos-
ages, duration of therapy, and healthcare resource utili-
zation (e.g., hospitalization, laboratory tests, imaging
studies, emergency visits, etc....) were retrieved from the
EMRs of the neurology outpatient clinics in two tertiary
care hospitals (KKUH and KSMC). Four pharmacists
were involved in the data collection and three neurolo-
gists authenticated the retrieved data. No evidence of
disease activity (NEDA-3) (i.e., absence of new T2 or T1
gadolinium (Gd) lesions as demonstrated by the Mag-
netic Resonance Imaging (MRI), disability progression,
and clinical relapses) as adjudicated by the treating neu-
rologists was used to assess effectiveness of mAbs. [28]
The NEDA-3 was confirmed when no observable new
T2 or T1 gadolinium (Gd) lesions were shown on the
Magnetic Resonance Imaging (MRI), no return of old
symptoms or worsening of current MS symptoms (i.e.,
clinical relapse), and no confirmed disability progression
(CDP), such as increased walking difficulty leading to loss
of independence as assessed by at least two neurologists
(i.e., disability progression). The costs of different health-
care services (e.g., laboratory tests, imaging studies, med-
ications, hospitalization, etc....) were retrieved from the
Saudi Ministry of Health cost center.

Statistical analysis

Descriptive statistics using frequencies and percent-
ages were used to present the baseline characteristics
of the study sample. The individual rates of new lesions
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formation on MRI, disability progression, and clinical
relapse, as well as the absence of disease progression (e.g.,
new T2 and/or T1 gadolinium (Gd) lesions on MRI, clini-
cal relapse, and disability progression) were presented
in percentages (%). In contrast, the mean annual direct
medical costs (e.g., actual acquisition costs of prescrip-
tion medications, hospital and emergency admissions,
laboratory tests, and imaging studies, etc....) for ritux-
imab, natalizumab, and ocrelizumab were presented
in United States Dollars ($). The direct medical costs
and effectiveness rates of natalizumab and rituximab
were compared using means and standard deviations.
Additionally, inverse probability of treatment weighting
using the propensity score based on patients’ charac-
teristics, such as age, gender, duration of therapy, dura-
tion of illness, number of previous DMTs, and number
of comorbidities was conducted. To address uncertainty
with regard to cost and effectiveness difference between
natalizumab and rituximab, non-parametric bootstrap-
ping with 10,000 replications was conducted to generate
the 95% confidence intervals (e.g., 95% CI). Ocrelizumab
was not compared against rituximab or natalizumab
since all patients on ocrelizumab were on natalizumab
or rituximab and had treatment failure as demonstrated
by new T2 and/or T1 gadolinium (Gd) lesions on MRI,
clinical relapse, and disability progression. The minimum
sample was estimated to be 70 patients based on the odds
ratio (OR) of NEDA-3 of 2.5 for patients treated with
natalizumab to their counterparts on rituximab, a=0.05,
p=0.05, and power of 80%. [29] All statistical analyses
were performed using SAS® version 9.4 (SAS® institute
Inc, Cary, NC, USA).

Results

Out of 228 patients’ EMRs that were reviewed, 93
patients met the inclusion criteria and were included in
the analysis (Fig. 1). About two—thirds of the patients
were females (61.29%), and the majority were between
16 and 35 years of age (76.34%). Approximately 54% of
patients were on natalizumab, 28% on rituximab, and 18%
on ocrelizumab as shown in Table 1. Most of the patients
were treated with mAbs for more than 1-year (83.87%),
and only 18% of the patients had other health conditions,
such as diabetes, hypertension, and dyslipidemia. The
overall mean effectiveness rate as measured by NEDA-3
(i.e., absence of new T2 or T1 gadolinium (Gd) lesions
as demonstrated by the Magnetic Resonance Imaging
(MRI), disability progression, and clinical relapses) was
70.96% (95% CI: 61.56—80.36%); while the mean effective-
ness rates for natalizumab, rituximab, and ocrelizumab
were 72.00% (95% CIL: 59.11 — 84.88%), 76.92% (95%
CIL 59.57 — 94.27%), 58.83% (95% CI: 32.74 — 84.91%),
respectively. The mean rates (%) of new lesions forma-
tion on MRI, clinical relapses, and disability progression
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Therapies (DMTs)
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teriflunomide, etc..)

118 Patients on mAbs

25 Patients were treated
for less than
6 months

93 Patients on mAbs met the
inclusion criteria

Fig. 1 Flowchart of patients'recruitment

for natalizumab, rituximab, and ocrelizumab are shown
in Fig. 2. Although the rates of new lesions formation on
MRI and disability progression among patients on natali-
zumab were higher in comparison to their counterparts
on rituximab, this difference was not statistically signifi-
cant (p—value=0.4295). On the other hand, the rates of
new lesions formation on MRI, disability progression,
and clinical relapses for patients on ocrelizumab as a
second-choice therapy were the highest in comparison
to the biologic—naive patients who were on either ritux-
imab or natalizumab. The mean annual costs (e.g., drug
acquisition cost, lab test, imaging studies, and clinic
charges) for rituximab, natalizumab, and ocrelizumab
were $7,672.61, $20,110.74, and $36,698.90, respectively,
as shown in Fig. 3.

The mean cost of treatment and effectiveness rates
for both natalizumab and rituximab are shown in
Table 2. Natalizumab was on average $35,383 (95% CL:
$25,401.09— $49,717.92) more expensive with 4.92%
lower effectiveness rate (95% CI: (-30-27.5) than ritux-
imab. Additionally, the bootstrap distribution of cost
effectiveness uncertainty shows that rituximab is more
effective than natalizumab in 59.41% of the 10,000

replications, and less costly in all of the 10,000 replica-
tions adjusted for age, gender, number of comorbidities,
duration of therapy, duration of illness, and number of
previous DMTs as shown in Fig. 4.

Discussion

The innovation in the MS treatment comes at a cost with
great uncertainty about the incremental benefit of the
new DMTs, such as the recently approved mAbs. [30, 31]
Therefore, comparing the effectiveness rates and costs of
different innovative DMTs, such as natalizumab, for the
management of MS is essential to assess their incremen-
tal benefits vis-a-vis other cheaper alternatives, such as
rituximab. [20] In this study, two commonly prescribed
mAbs (e.g., natalizumab and rituximab) were compared
concerning their effectiveness in preventing RRMS pro-
gression as defined by the formation of new lesions on
MRI, clinical relapse, and disability progression using
real-world data retrieved from two tertiary care centers
in Saudi Arabia. Although natalizumab is costlier than
rituximab and has a labeled indication for MS, this did
not result in better effectiveness in most bootstrap cost
effectiveness distributions. The incremental effectiveness
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Table 1 Patient baseline characteristics (n=93)

Characteristic Ritux-  Natali- Ocreli- Fre-
imab zumab zumab quen-
(n=26) (n=50) (n=17) cy (%)

Gender, (n, %)

Male 12(46.2) 16(32.0)  8(47.1) 36(38.7)

Female 14(53.9) 34(68.0) 9(529) 57(61.

Age, (n, %)

16 yrs.—25 yrs. 15(57.7)  11(22.0) 1(5.9) 27(29.0)

26 yrs.—35yrs. 7(26.9) 25(50.0) 12(70.6) 44(47.3)

36 yrs. —45 yrs. 3(11.5) 102000 2(11.8) 15(16.1)

>45 yrs. 1(3.9) 48.0) 20118 7(7.5)

Duration of illness, (n, %)

<2yrs. 13(50.00  6(12.0) 0(0.0) 19(20.4)

2yrs. — <4 yrs. 9(346)  8(16.0) 1(5.9) 18(194)

4yrs.— <8 yrs. 4(154) 31(62.0) 11(64.7) 46(49.5)

>8yrs. 0(0.0) 5(100) 5(294) 10(10.8)

Duration of therapy, (n, %)

6 months — 1 year. 5(19.2)  9(18.0) 16(94.1) 15(16.1)

1 year. - 2 yrs. 12(46.2) 14(28.0) 1(5.9) 42(45.2)

2yrs. =3 yrs. 5(19.2) 14(28.0) 0(0.0) 19(204)

>3yrs. 4(154) 13(26.0) 0(0.0) 17(183)

Number of used DMTs, (n, %)

1 7(269) 49(98.0) 2(11.8) 58(62.4)

2 14(53.9) 120)  8(47.1) 23(24.7)

>2 5(19.2) 0(0.0) 7(41.2) 12129

Other comorbid health

conditions (e.g., hypertension,

diabetes, dyslipidemia), (n, %)

No 2(7.7) 42(160) 6(353) 1 )

Yes 2(7.7)  8(16.0 6(353) 1

rate of rituximab can be as high as 27.5% compared to
rituximab with 59.41% confidence level that rituximab
will result in better effectiveness rate adjusting for age,
gender, duration of therapy, number of comorbidities,
duration of illness, and number of previous DMTs. These
findings are consistent with the results of a recently pub-
lished study that compared rituximab to natalizumab
in Iran using a Markov economic model with a lifetime
horizon and found rituximab more cost-effective than
natalizumab. However, their findings should be taken
with a grain of salt due to the fact that the model was
based on transition probabilities retrieved from differ-
ent observational and experimental studies. Moreover,
the Markov models have inherent limitations that make
interpreting the results tricky. [32] In another study that
included 740 RRMS patients treated with natalizumab
or anti-CD20 drugs (e.g., rituximab or ocrelizumab) and
were followed up for 24 months after fingolimod treat-
ment failure in France, natalizumab was not found to
be superior to rituximab or ocrelizumab concerning the
clinical relapse, new lesions formation on MRI, or lower
Expanded Disability Status Scale (EDSS) scores. [33]
Moreover, the discontinuation rate after 18 months of
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treatment was higher among the patients on natalizumab
compared to their counterparts on rituximab or ocreli-
zumab. [33] Additionally, real-world data on the use of
rituximab for managing central nervous system’s demy-
elinating disorders in Italy has proven it safe. [21] There-
fore, it might be wise to start patients on rituximab rather
than natalizumab due to the uncertainty regarding the
incremental benefit of natalizumab and only start natali-
zumab in case of rituximab failure. Another interesting
finding in this study was the treatment failure rate among
patients on ocrelizumab who were previously treated
with natalizumab or rituximab. Approximately 40% of
patients on ocrelizumab had a clinical relapse, disabil-
ity progression, or new lesions on MRI. These findings
shed light on the effectiveness of ocrelizumab compared
to natalizumab and whether switching MS patients who
failed natalizumab or rituximab to ocrelizumab is the
right treatment strategy due to its higher acquisition cost.
This finding is unsurprising since other studies which
evaluated ocrelizumab as an exit strategy for natalizumab
among patients with RRMS who are at high risk of PML
found improved safety but similar effectiveness of ocreli-
zumab when compared to natalizumab. [34, 35] However,
in a multicenter, retrospective, real-world data study that
examined the effectiveness and safety of ocrelizumab ver-
sus rituximab among patients with RRMS in Italy who
were previously treated with natalizumab, no difference
was found in the rates of annualized relapse or safety pro-
files between those on ocrelizumab and their counter-
parts on rituximab. [35]

This study is the first, to the best of our knowledge,
to examine the cost and effectiveness of commonly pre-
scribed mAbs for managing of RRMS in Saudi Arabia
using real-world data. However, some limitations of this
study must be acknowledged. First, the effectiveness
was not measured using the EDSS, the most widely used
measure to assess the progression of MS. [36] This was
mainly because very few practicing neurologists docu-
ment the progression of their MS patients in the EMRs
using the EDSS. Moreover, NEDA-3 (i.e., absence of new
T2 or T1 gadolinium (Gd) lesions as demonstrated by
the Magnetic Resonance Imaging (MRI), disability pro-
gression, and clinical relapses) was used instead of the
health-related quality of life which is the commonly used
measure in most cost effectiveness analyses. [37] None-
theless, examining the effectiveness using clinical indica-
tors, such as formation of new lesions on MRI or clinical
relapse, is common and informing to the clinicians and
policymakers. [27, 33] In addition, there is a link between
the formation of new lesions on MRI, clinical relapse,
and disability progression, as demonstrated in multiple
clinical trials of MS patients. [38] The study included data
from two tertiary care centers in Saudi Arabia, but the
results are not generalizable to other healthcare settings.
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Fig. 2 The mean rates (%) of disability progression, clinical relapse, and new lesions on MRI for patients on ocrelizumab, natalizumab, and rituximab

Furthermore, the study used fixed costs for different
healthcare services, including prescription medications
since the study was conducted from the perspective of
public healthcare institutions that represents more than
60% of the healthcare coverage in Saudi Arabia. [39] In
addition, no sensitivity analyses were conducted to check
whether varying the costs of prescription drugs or other
healthcare services, such as the MRI, would significantly
change the results. Nevertheless, the findings of this
study used very conservative and actual cost estimates
of different healthcare services that were included in the
model. Additionally, information bias cannot be ruled out
since the study used data retrieved from the EMRs of two
tertiary care hospitals. Moreover, no direct comparisons
between rituximab or natalizumab and ocrelizumab were
made since ocrelizumab is used as a second-choice ther-
apy in these hospitals due to its higher cost. Furthermore,
the rates of adverse drug events were not compared since
they were not documented in the EMRs.

Conclusions

Although the use of rituximab in the management of
RRMS is off-label, it has been widely used and has shown
a comparable effectiveness rate to natalizumab. However,
natalizumab is considerably more expensive than ritux-
imab with great uncertainty about its clinical superior-
ity to rituximab. Moreover, the role of ocrelizumab as a
second-choice treatment to natalizumab or rituximab
should be examined further. Finally, future studies with
larger sample sizes and more robust research designs
should be conducted to validate the findings of this study.



Alharbi et al. BMC Health Services Research (2023) 23:552 Page 7 of 9

|Cost 3 Clinic Charges I Lab/Imaging EE Drugs |

$36,698.90

$20,110.74

$7,672.61

Rituximab Natalizumab Ocrelizumab

Fig. 3 The mean annual costs of mAbs

Table 2 The mean effectiveness rates and costs of Natalizumab, and Rituximab
Difference in Cost and Effectiveness Rate between Natalizumab and Rituximab

Natalizumab Rituximab Mean difference
(95% confidence
interval)
Cost of treatment (USD), mean +SD 50,843.5+32,625.9 15,460.1+12,969.2 35,383.4(25401.1-
49,717.9)
Effectiveness rate (%), mean +SD 720+454 7694429 -4.92(-30-27.5)

T Effectiveness is measured as the reduction in the rate of disease progression as assessed by NEDA-3. Costs included all direct medical costs (e.g., drug acquisition
price, lab tests, imaging studies, etc....) retrieved from the Saudi Ministry of Health cost center
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Quadrant Distribution for Cost Effectiveness of Natalizumab— Rituximab
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Fig. 4 Bootstrap distribution of cost-effectiveness for natalizumab versus rituximab
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