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1.1. HEPIAHYH

Ewayoyn: H oxkAnpuvon katd mAdkog eivat pio xpovio, cutodvoot) GAEYLOV®ONG VOGOG,.
H Alkeptovloopaunn, €va avOpdOTvVo HOVOKA®VIKO avticopo, sivolr por ToAAd

vrocyouevn Bepameia Yo TNV VTOTPOTLALOVOA LOPPT TG VOGOUL.

Ytoyot. H ovykpion ¢ amote ecuatikdTnTag Kot TG ao@AAELNg TG AAEUTOV OV UAUTNG

pe v vtepeepovn Pnta lao.

Mébodor. 'Eywve Aemtopepng avalntnon otig Pdoeg dedouévov Medline, Pubmed,
Scopus kar Google Scholar yia tov evtonicpd oyeTIKOV KAMVIKGOV doKIUdV. Ao TIG
TPELG HEAETEG TTOL gvtomioTNKAY, Ol 0V0 glyav dnuocievdel v mepiodo 2010 mg
2020. To mpoypappa Open Meta-analyst ypnoipomomOnke yio v mpaypatonoinon

TOV cLYKPIcE®V HETAED TV Bepameldy.

Amnotedéopata: Tlapatnprifnke oTOTIOTIKA ONUAVTIKY Ola@opd TPog OPEAOG TNG
aieptovlovpdunnsg otov opiud TV achevodv Tov giyay Lo TOLAGYIGTOV VITOTPOTY|
Kol 6Tov aplpnd TV aclevav pe emdeivoon e avornpiog. LTOTIGTIKA GNUOVTIK
dpopd TPOg OPELOG TNG VTEPPEPOVG TapatnpNOnKe otov aplud towv achevov pe
TOVAQYIETOV €va avemBOUNTO GLUPAV, OALA Ol CIIUOVTIKY O10pOpA GTOV aplOud TV
acBevav pe cofapd avemBOuNTo cvuPdv. LTATIGTIKG CMUOVTIKY O10popd TPOG
69erog TG aieptovlovpdunng vroloyiocTnke yio ) péon petafoin tov EDSS okop,
v Tov aplud tov achevov pe véeg T2 eotieg 61N HLoyvnTIKY] TOPLOYPOQiD KOl GTOV
aplOud tov acbevov mov oavoykdotnkav vo olakoyovv T Oepameion Adym

AVETOOUNTOV EVEPYELDV.

Sounmépacpa: H  aleprovlovudunn amodeiydnke moO omOTEAECUOTIK] OO TNV
wtepeepovn Pnta la oe dpovg opélovg yio Tovg acbeveic pe vrotpomdlovoa-
dodeimovoo popen. To avemBounta cvpuPdvra frav e&icov vynAd kot yo o 600

QAP LLOKOL.

Aé€erg khewond: Iloirhani okipovon, ALepTovLOVHANT, ATOTELECRATIKOTNTA,
Ac@direro,

Institutional Repository - Library & Information Centre - University of Thessaly
02/06/2024 16:51:40 EEST - 3.15.31.78



MANEMIZTHMIO OEZAAAIAZ — TMHMA IATPIKHZ
NMZ «MEOGOAOAOTIA BIOIATPIKHZ EPEYNAS, BIOASTATIZTIKH KAl KAINIKH BIONTAHPO®OPIKH»

1.2 ABSTRACT

Introduction: Multiple sclerosis is a chronic autoimmune inflammatory disease.
Alemtuzumab, a humanized monoclonal antibody, is a promising treatment for

relapsing- remitting MS.
Goals: To compare efficacy and safety of alemtuzumab to Interferon beta 1a.

Methods: An extensive search in Medline, Pubmed, Scopus and Google Scholar was
held to identify relevant clinical trials. From three studies found, two were published
in the period 2010 to 2020. Open Meta-analyst was used to perform treatment

comparisons.

Results: There was a significant difference in favour of alemtuzumab in the number of
participants experiencing at least one relapse and in the number of participants with
sustained accumulation of disability. There was a significant difference in favour of
interferon in the number of participants with at least one adverse event but not a
significant difference in the number of participants with at least one serious adverse
event. There was a significant difference in favour of alemtuzumab in mean EDSS
score change, in the number of participants with new T2-hyperintense lesions on MRI
and in the number of participants who experienced treatment discontinuation caused

by adverse events.

Conclusion: Alemtuzumab was proven to be more effective than IFN beta 1a. in terms of
benefit for people with RRMS. The rates of adverse events were similarly high for

both treatments.

Keywords: Multiple sclerosis, Alemtuzumab, Effectiveness, Safety
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2. INTRODUCTION

Multiple sclerosis (MS) is a chronic autoimmune inflammatory disease which is
characterized by inflammation, demyelination, and degeneration of the central nervous
system (CNS). To date, the etiology of MS remains unknown; however, it likely results from
a multifactorial pathway of breakdown of immune tolerance related to genetic predisposition,
environmental triggers, and immune dysregulation [1]. The age of onset is typically between
20 and 40 years [2]. The overall incidence of MS is 3.6 and 2.0 cases per 100,000 person-
years in women and men, respectively. It is one of the world’s most common neurological
disorders, and in many countries, it is the leading cause of nontraumatic neurological
disability in young adults [3]. Approximately 2.3 million people are estimated to live with
MS globally [4]. Women have an approximately twofold increased risk of developing MS
than men do [5].

The clinical phenotypes of MS include relapsing-remitting MS (RRMS), secondary-
progressive MS (SPMS), primary-progressive MS (PPMS), and progressive-relapsing MS
(PRMS). The development of progression after a relapsing-remitting course is responsible for
permanent long-term disability; it supervenes in about 80% of RRMS people by 20 to 25
years from disease onset [6]

The two past decades have marked the advent of various new therapeutic strategies in
multiple sclerosis [1]. Disease-modifying treatment has been rapidly evolving. Its’ goal is to
reduce the early clinical and subclinical disease activity that eventually contributes to long-
term disability [7, 8]. Despite all available treatment options, none are curative, and none
have been proven to offer neuroprotection or contribute to neural repair.

Interferon beta-1b, interferon beta-1a (Rebif), interferon beta-1a (Avonex), and glatiramer
acetate were the first agents approved by national regulatory agencies. The introduction of
disease-modifying therapies (DMTs) two decades ago has clearly made a significant impact
on the treatment of MS [1]. According to the same authors in average, all injectable DMTs
have demonstrated a beneficial effect on decreasing annual relapse rates by approximately
30% when compared with placebo. However, they are partly effective, and their long-term
impact on disease progression remains unclear. Moreover, their parenteral administration and

side effects often impede patient adherence.
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In the next decade several new oral disease-modifying therapies were authorized (such as
FTY720 or Fingolimod, Fumaric acid, Cladribine, Teriflunomide and HMG-CoA Reductase
Inhibitors). These therapies have each demonstrated significant efficacy on various markers
of multiple sclerosis disease activity in large, randomized controlled trials in patients with
relapsing-remitting MS [9- 14]

Among the most promising new therapies for MS are considered monoclonal antibodies
(mAbs). They are a group of selective agents, which bind to specific molecules on the surface
of targeted cells, for example, T cells or B cells, both of which appear integral in the
pathogenesis of MS. These include natalizumab, alemtuzumab, rituximab and daclizumab
[1]. However, they have several limitations, including associated severe adverse events,
infusion-related reactions, and development of neutralizing antibodies [15].

The treatment landscape continues to change rapidly. This therapeutic revolution has
occurred largely due to the improved understanding of the pathophysiology of MS and
unquestionably has improved the prognosis and overall quality of life for patients. The
increasing number of available disease-modifying treatments has made the clinical
management of patients more complex [16]. Patients and providers now have multiple
options and improved flexibility in managing MS [17]. Due to a paucity of head-to-head
trials, comparisons between the effectiveness of DMTs are limited in the management of
multiple sclerosis (MS), a wide variety of new disease-modifying therapies (DMT) have been
recently introduced what brings new opportunities for individualized therapy, where patients
and healthcare providers must balance considerations of efficacy, side effects and long-term
impact in a shared decision process. [18]. As a result, patients’ preferences become more
important in decision-making [19]. Since MS is a debilitating life-long condition seriously
affecting the quality of life and the clinical outcome is directly related to patient adherence to
treatment [20] high patient satisfaction with the chosen DMT plays a key role in successful

MS management.
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2.1 Alemtuzumab

Therapeutic strategies for MS aim to treat exacerbations, prevent new ones and avoid
progression of disability [21]. Current disease-modifying treatments decrease the frequency
of relapse and modestly reduce the accumulation of disability [22,23]. New agents that
effectively control the disease are needed.

Alemtuzumab (CAMPATH-1H) is a humanized monoclonal antibody (mAb) that binds to
the CD52 antigen on the surface of thymocytes, natural-killer (NK) cells, and B cells.
Binding to the CD52 antigen results in antibody-dependent lysis and rapid removal of T cells
from blood, bone marrow, and organs. This T-cell depletion lasts for an extended period of
time, up to 16 months [1].

In 2001, alemtuzumab was approved for fludarabine-resistant B-cell chronic lymphocytic
leukaemia. Since that time, it has been used for several other diseases (licensed or off-label
use), including immune thrombocytopenic purpura, aplastic anaemia, autoimmune
haemolytic anaemia, vasculitis, hematopoietic stem cell transplants (as a conditioning
regimen) and organ transplants (as an induction agent). Alemtuzumab is already approved for
MS in the European Union (from EMA in 2013). The US Food and Drug Administration
(FDA) approved alemtuzumab for the treatment of people with RRMS who have had an
inadequate response to two or more drugs indicated for the treatment of MS in 2014.
Alemtuzumab is available for the treatment of MS in 12 mg/1.2 mL single-dose vials (10
mg/mL). The proposed initial dosage for MS is 12 mg daily for five consecutive days
(intravenous infusion), followed by a second treatment course of 12 mg/daily for three
consecutive days. The second treatment course is administered 12 months after the first

course.
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3. METHODS
3.1 Search strategy

A literature search was conducted in September 2020 through the following
databases:,Medline, Scopus and Pubmed. A combination of the following keywords were
used as search terms: multiple sclerosis OR MS AND Alemtuzumab OR Lemtrada OR
CAMPATH-1H. The search was supplemented through the searching of references lists of
returned articles and the use of the same search terms in Google Scholar.

3.2. Study identification

The population of interest was participants of any gender and age with RRMS fulfilling
McDonald diagnostic criteria, disease duration of 10 (CARE MSII) or 5 (CARE MS I) years
or less; at least two attacks in the previous 2 years with at least one in the previous
year(CARE MS 1); at least one relapse while on interferon beta or glatiramer after at least 6
months of treatment; expanded disability status scale (EDSS) scores 3.00 or less (CARE MS
1) or 5.00 or less (CARE MS Il); and cranial and spinal MRI lesions attributable to multiple
sclerosis. Key exclusion criteria included progressive forms of multiple sclerosis, previous
multiple sclerosis disease therapy (apart from corticosteroids), previous immunosuppressive,
investigational, or monoclonal antibody therapy, and clinically significant auto immunity
other than multiple sclerosis. Clinical trials were the only studies identified as appropriate for
inclusion where the outcomes of alemtuzumab were compared to those of interferon beta 1a.

Only articles published in English from 2010 to 2020 were considered.

3.3 Statistical analysis

Statistical analysis was conducted using the Open Meta-analyst software to determine
differences in benefit and in security between alemtuzumab and interferon patients. For
dichotomous variables, the difference between the groups were calculated using odds ratio
(OR) and for continuous variables using mean differences (MD). Statistical significance was
set on 0.05. Heterogeneity was determined using the Q-statistic. Where there was evidence of
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heterogeneity (Q greater than the 10% point of the y2-distribution with n-1 df), the meta-
analysis was performed using the random-effects model (RE) approach instead of the fixed-
effects model (FE).

3.4 Estimation of bias

Both studies were at low risk of bias for random sequence generation. They were
considered as randomised as they referred to an interactive voice response system through
which randomization was achieved. Randomisation was stratified by site. For the same
reason they were both considered as at low risk of bias for allocation concealment. Both
studies were at high risk of performance bias because both drugs had adverse effects that
precluded double-blinding. As well as this, interferon beta 1a proprietary syringes could not
effectively be duplicated for placebo. However, clinical data integrity was secured by
stringent rater-masking and independent adjudication of relapses. Both trials were at low risk
of reporting bias as they reported all specified primary and secondary outcomes.

4. RESULTS
4.1. Study characteristics

CARE-MS 1 enrolled adults aged 18 to 50 years with previously untreated RRMS.
Participants received annual intravenous cycles of alemtuzumab 12 mg per day or
subcutaneous IFN beta 1a 44 ng three times per week. CARE-MS 11 enrolled adults aged 18
to 55 years with RRMS and at least one relapse on IFN beta or glatiramer. Participants
received subcutaneous IFN beta 1la 44 ug three times per week, annual intravenous cycles of
alemtuzumab 12 mg per day or annual intravenous cycles of alemtuzumab 24 mg per day.
The 24 mg per day group was discontinued to aid recruitment. Data were included for safety
assessments, but they were not included in benefit assesments. In total 1191 patients were
included in both studies, 802 allocated to receive alemtuzumab and 389 IFN beta 1a. In safety

assessments, 811 patients received alemtuzumab and 389 IFN beta 1a.
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4.2 Number of participants experiencing at least one relapse at 24 months

The two trials assessed the number of participants experiencing at least one relapse at
24 months. Results for alemtuzumab 12 mg versus IFN beta 1a were reported. Since Q was

equal to 0,453, there was no significant heterogeneity across studies, and we were eligible to

use the FE model. There was a significant difference in favour of alemtuzumab (OR 0.46,
95% CI 0.36 to 0.59), p< 0.001).

STUDY Alemtuzumab Interferon beta 1A WEIGHT ODDS RATIO
CARE MS | 82/376 75/187 45.88% 0.42(0.28-0.61)
CARE MS I 147/426 104/202 54.12% 0,50(0.35-0.70)

Table 1. Comparison of number of participants experiencing at least one relapse at 24 months

Studies

CARE MS1 2012
CARE MS 11 2012

Estimate (95% C.I.)

0.417 (0.284, 0.el10)
0.496 (0.353, 0.698)

82/37¢ 15/187
147/426 104/202

Ev/Trt Ev/Ctrl

Overall (I*2=NA , P=0.501) 0.460 (0.357, 0.593) 229/802 179/389

—{:i}—

0.29

|
i
045

T
0.9

Odds Ratio (log scale)

Figure 1. Forest plot of comparison of number of participants experiencing at least one relapse at 24 months
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4.3 Number of participants whose disability worsened at 24 months

The two trials assessed the number of participants with sustained accumulation of
disability confirmed over 6 months. Results for alemtuzumab 12 mg versus IFN beta 1a were
reported. Since Q was equal to 0,300, there was no significant heterogeneity across studies,
and we were eligible to use the FE model. There was a significant difference in favour of
alemtuzumab (OR 0.63, 95% CI 0.44 to 0.91), p=0.013).

STUDY Alemtuzumab | Interferon beta 1A WEIGHT ODDS RATIO
CARE MS | 30/376 20/187 34.16% 0.72(0.40-1.31)
CARE MS I 54/426 40/202 65.84% 0.59(0.38-0.92)

Table 2. Comparison of number of participants whose disability worsened at 24 months

Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl

CARE MS | 2012 0.724 (0.399, 1.313) 30/376 20/187 B

CARE MS 11 2012 0.583 (0.375, 0.921) 54/426 40/202 | —

Overall (I"2=NA , P=0.584) 0.634 (0.444, 0.907) 84/802 60/389 —{}=—

‘ i T
039 063 078
Qdds Ratio (log scale)

Figure 2. Forest plot of comparison of number of participants whose disability worsened at 24 months
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4.4 Number of participants with at least one adverse event

The two trials assessed the number of participants with at least one adverse event.
Results for alemtuzumab 12 mg versus IFN beta 1la were reported. Since Q was equal to
0,699, there was no significant heterogeneity across studies, and we were eligible to use the
FE model. There was a significant difference in favour of IFN (OR 2.54, 95% CI 1.42 to
4.56), p=0.002). There was a 3 times greater risk of adverse events when treated with

alemtuzumab.

STUDY Alemtuzumab Interferon beta 1A WEIGHT ODDS RATIO
CARE MS | 361/376 172/187 68.59% 2.10(1.00-4.39)
CARE MS 11 428/435 191/202 31.41% 3.52(1.34-9.22)

Table 3. Comparison of number of participants with at least one adverse event

Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl

CARE MS | 2012 2.099 (1.003, 4.392) 361/376 172/187 B

CARE MS 112012 3.521 (1.344, 9.223) 428/435 191/202 ; B
Overall (I*2=NA, P=0.403) 2.546 (1.422, 4.557) 789/811 363/389 {:ﬂ}

\ T i T
1 201 255 502
Odds Ratic (log scale)

Figure 3. Forest plot of comparison of number of participants with at least one adverse event
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4.5 Number of participants with severe adverse events at 24 months

The two trials assessed the number of participants with at least one adverse event.

Results for alemtuzumab 12 mg versus IFN beta 1a were reported. Since Q was equal to 1,71,

there was no significant heterogeneity across studies, and we were eligible to use the FE

model. There was not a significant difference in favour of any medication (OR 1.05, 95% CI
0.77 to 1.43), p=0.777).

STUDY Alemtuzumab Interferon beta 1A WEIGHT ODDS RATIO
CARE MS | 69/376 27/187 37.85% 1.33(0.82-2.16)
CARE MS II 85/435 44/202 62.15% 0.87(0.58-1.31)

Table 4. Comparison of number of participants with severe adverse events at 24 months

Studies

CAREMS | 2012
CARE MS 11 2012

Estimate (95% C.I.)

1.332 (0.821, 2.182)
0.872 (0.579, 1.314)

Overall (I*2=NA, P=0.191) 1.046 (0.766, 1.428)

69/376
85/435

154/811

Ev/Trt Ev/Ctrl

27/187

44/202

71/389

——

0.58

1.05

T
116

Odds Ratio (log scale)

Figure 4. Forest plot of comparison of number of participants with severe adverse events at 24 months

Institutional Repository - Library & Information Centre - University of Thessaly
02/06/2024 16:51:40 EEST - 3.15.31.78

13

216



4.6 Mean EDSS score change from baseline at 24 months
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The two trials assessed the mean EDSS score change from baseline at 24 months.

Results for alemtuzumab 12 mg versus IFN beta la were reported. Since Q was equal to

7,604 there was significant heterogeneity across studies, so the RE model should be used.

There was a significant difference in favour of alemtuzumab in disability worsening (MD
0.20, 95% CI -0.59 to 0.20).

STUDY Alemtuzumab | Interferon beta 1A WEIGHT MD
CARE MS | -0.1(1.1) -0.1(1) 50.86% 0.00(-0.19-0.19)
CARE MS I -0.2(1.3) 0.2(1.2) 49.14% -0.40(-0.61- 0.19)
Table 5. Comparison of mean EDSS score change from baseline at 24 months
Studies Estimate (95% C.I.)
CARE MS [ 2012 0.000 (-0.187, 0.187) .
CARE MS 11 2012 -0.400 (-0.614, -0.186) !
Overall (1*2=86.85 % , P=0.006) -0.197 (-0.589, 0.195) —{::}

06

02

Mean Difference

Figure 5. Forest plot of comparison of mean EDSS score change from baseline at 24 months
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4.7 Number of participants with new T2-hyperintense lesions on MRI at 24 months

The two trials assessed the number of participants with new T2-hyperintense lesions

on MRI. Results for alemtuzumab 12 mg versus IFN beta 1la were reported. Since Q was

equal to 4,184, there was significant heterogeneity across studies, so the RE model should be

used. There was a significant difference in favour of alemtuzumab (OR 0.53, 95% CI 0.31 to

0.90), p=0.018).

STUDY Alemtuzumab Interferon beta 1A WEIGHT ODDS RATIO
CARE MS | 176/363 99/172 49.95% 0.69(0.48-1.00)
CARE MS I 186/403 127/187 50.05% 0.41(0.28-0.58)

Table 6. Comparison of number of participants with new T2-hyperintense lesions on MRI at 24 months

Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl
CAREMS| 2012 0.694 (0.481, 1.000) 176/363 99/172 : B
CARE MS 11 2012 0.405 (0.281, 0.583) 186/403 127/187 B '

Overall (1*2=76.1 % , P=0.041) 0.530 (0.313, 0.899) 362/766 226/359

—{::}—

| —
0.28 0.53 0.56
Odds Ratio (log scale)

Figure 6. Forest plot of comparison of humber of participants with new T2-hyperintense lesions on MRI at 24

months
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4.8 Number of participants experiencing treatment discontinuation caused by adverse

events

The two trials assessed the number of participants who experienced treatment
discontinuation caused by adverse events. Results for alemtuzumab 12 and 24mg versus IFN
beta 1a were reported. Since Q was equal to 0,960, there was not significant heterogeneity
across studies, so the FE model should be used. There was a significant difference in favour
of alemtuzumab (OR 0.33, 95% CI 0.18 to 0,61), p<0.001).

STUDY Alemtuzumab | Interferon beta 1A WEIGHT ODDS RATIO
CAREMS I 5/376 11/187 42.24% 0.22(0.07-0.63)
CARE MS I 14/435 15/202 57.76% 0.42(0.20-0.88)

Table 7. Comparison of number of participants experiencing treatment discontinuation caused by adverse
events
Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl
CARE MS | 2012 0.216 (0.074, 0.630) 5/376 117187 | ;
CARE MS 11 2012 0.415 (0.196, 0.876) 14/435 15/202 B
Overall (1*2=NA, P=0,327) 0.331 (0.180, 0.606) 19/811 26/389 {}=—

H
| T 1 T T |
0.07 0.15 033037 074 088
Odds Ratio (log scale)

Figure 7. Forest plot of comparison of number of participants experiencing treatment discontinuation caused by

adverse events
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5. CONCLUSION

Alemtuzumab was proven to be more effective than IFN beta 1a. This meta- analysis
compared the benefit and safety of alemtuzumab versus IFN beta la in the treatment of
people with RRMS. A total of 1191 patients were included in it, 802 allocated to receive
Alemtuzumab and 389 IFN beta la. In safety assessments, 811 patients received
Alemtuzumab and 389 IFN beta la.. The results showed statistically significant differences
favouring alemtuzumab in reducing relapses at 24 months (54% less chance of relapse when
treated with alemtuzumab)., in preventing disease progression (37% less chance of relapse at
24 months when treated with alemtuzumab, in the changes of EDSS score (disability
progression is decreased 0.20 points less with alemtuzumab compared to interferon beta 1a)
and in developing new T2 lesions on MRI over 24 months' follow-up (47% less chance of
developing new T2 hyperintense lesions on MRI when treated with alemtuzumab). The rates
of adverse events were similarly high for both treatments. However, fewer patients in the
alemtuzumab group experienced treatment discontinuation caused by adverse events (67%

less chance of treatment discontinuation when treated with alemtuzumab).

5.1 Limitations of the study

Clinical trials involved in this meta- analysis were limited, due to the fact that only
three clinical trials comparing efficacy, tolerability and safety of alemtuzumab with INF beta
la have taken place. As a result, funnel plots could not be used to explore possible
publication bias, nor a sensitivity analysis could be applied in order to determine the

robustness of the observed outcomes.
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