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如何診斷多發性硬化症？
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J Clin Neurol 2023;19(3):217-229



衛生福利部國民健康署「罕見疾病個案通報審查基準機制」
(送審資料表) -多發性硬化症/[MS]

表2.泛視神經脊髓炎 [Neuromyelitis Optica Spectrum Disorders, NMOSD]

• 應檢附文件(必要)

• 病歷資料 (包括臨床表徵、發病年齡、家族史、發病次數、病程發展過程、神經學身體診察等)

• 相關科會診病歷紀錄(必要)： □ 眼科會診 □ 免疫科會診 □ 血液腫瘤科會診

• □相關科會診病歷紀錄(必要)：

• □ 眼科會診 □ 免疫科會診 □ 血液腫瘤科會診

• □ 排除Sarcoidosis

• □ 排除中樞神經系統Lymphoma

• □ 排除Paraneoplastic Syndrome

• □ 排除系統性身體免疫等疾病侵入中樞神經系統之疾病

13





15

大多數的MS病人，
在復發-緩解的病程之後，會進入持續惡化的階段



16CNS Drugs (2022) 36:1285–1299



M33/DxJan2016/RRMS/UsedGilenya/NowOcrevus/Australia
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19Pharmaceutics. 2023 Feb 22;15(3):728.



Nat Rev Neurol . 2019 May.
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Mult Scler J Exp Transl Clin. 2022 Mar.
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Common TEAE
(treatment-emergent 

adverse event)

24



• slow disease progression 

• reduce disease relapses 

• limit new disease activity

25BMC Medicine 2009, 7:74
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J. Comp. Eff. Res. (2021) 10(6), 495–507

50% reduction of ARR

Higher efficacy

Lower efficacy

“According to the 2015 ABN 

guidelines, DMTs can be divided 

into two broad classes: 

1. drugs of high efficacy, 

defined as average relapse 

reduction substantially more 

than 50%

2. drugs of moderate efficacy, 

defined as average relapse 

reduction between 30 and 

50%”
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Annualized Relapse Rate Network Meta-Analysis Forest Plot (Versus 
Placebo) With Efficacy Class for Each Disease-modifying Therapies

ABN: Association of British Neurologists 英國神經病學家協會
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Stem cell therapy, 2019, Feb. 31
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Comparison of first-line and second-line 
therapies for RRMS
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Presse Med. 2021 Jun.

• S1PR 1, 5 （sphingosine 1-phosphatase, S1P1 & S1P5）

• 鞘氨醇1-磷酸酶受體 1（sphingosine 1-phosphatase, S1P1）和受體 5（S1P5）激動劑
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Comparative Efficacy 

of DMTs



Front Neurol. 2022 Jun 3:13:824926.
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DMTs Mechanism of action
• The pathophysiology of MS is not currently well understood; however, the adaptive immune system (which 

includes T and B lymphocytes) is thought to play an important role and therefore is the main target of DMTs, 
that act by:

1. Altering lymphocyte trafficking — natalizumab binds to α4B1 integrin receptor on T cells preventing 
lymphocytes from crossing the blood brain barrier; fingolimod, siponimod and ponesimod are sphingosine-1-
phosphate (S1P) receptor agonists, they bind to S1P receptors on T and B cells, preventing their egress into 
the blood stream, resulting in retention in the lymph tissue

2. Lymphocyte depletion via cell lysis — alemtuzumab targets CD52 receptors on T and B cells; ocrelizumab and 
ofatumumab target CD20 receptors on B cells; cladribine is a nucleoside analogue of deoxyadenosine, it is a 
prodrug targeting T and B cells

3. Disruption of lymphocyte replication — teriflunomide binds to and inhibits the enzyme dihydroorotate 
dehydrogenase, resulting in reduced proliferation of activated T and B cells

• The mechanism of action of interferon beta, glatiramer acetate and dimethyl fumarate are not fully 
understood; they are considered as immunomodulatory (as opposed to immunosuppressant). They act by 
promoting the regulatory aspects of the immune system, which results in suppression of pro-inflammatory 
processes 39
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Disease modifying drugs (DMDs) in multiple sclerosis

25 January 2018 Mavenclad (cladribine tablets) for the Treatment of Relapsing-Remitting Multiple Sclerosis

免疫調節
Immunomodulation/

慢性長期藥物治療，在不抑制免
疫功能的情況下達到免疫調節

只有在有效治療時才有臨床療效

選擇性、持續性免疫抑制
Selective, continuous
immunosuppression

慢性長期藥物治療，持續抑制免疫功能

只有在有效治療時才有臨床療效

廣效免疫抑制
Broad-spectrum 

immunosuppression

1990年前，MS治療選擇只有
廣效免疫抑製劑

有疾病緩解潛力的治療？
Therapies with 

potential for remission? 

短期療程

在非有效治療時期仍有臨床療效

TW-MAV-00135



New Classification of DMT therapy for RRMS

免疫重建療法
Immune reconstitution therapy (IRT)

短期治療重建免疫系統，
造成長期的免疫系統質量改變

非選擇性免疫重建療法
Non-selective IRT

(NIRT)

免疫調節

Immunomodulation

長期免疫抑制

Chronic 
immunosuppression

維持/增量療法

Maintenance/escalation therapy (MET)

隨時間維持或增量的長期治療，
只有在有效治療時才會造成免疫功能變化

持續性免疫調節的MET

e.g. Rebif

持續性免疫抑制的MET

e.g. Gilenya, BG-12, Aubagio

只影響適應性免疫系統的

e.g. cladribine tablet

選擇性免疫重建療法
Selective IRT

(SIRT)

影響先天性及適應性
免疫系統的IRT

e.g. alemtuzumab 
(Lemtrada, IV一年一次，一次

五天)

TW-MAV-00135



• Earlier use of higher-efficacy DMTs may forestall PIRA 

and slow the accumulation of disability.
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Nat Rev Neurol . 2019 May.



Lancet Neurol 2023; 22: 78–88



A New Way of Thinking about Multiple Sclerosis
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Smoldering inflammation

• biological aspects that underlie compartmentalized CNS inflammation and    
chronic neuronal damage

• chronically inflamed CNS provides a unique tissue microenvironment characterized 
by alterations in nutrient availability, pH value, lactate levels, and cytokine profiles

• tissue-resident memory T cells, microglia, and astrocytes are key immune cells in 
smoldering inflammation 

 can adapt their metabolic profiles in response to the inflamed microenvironment 

• environmental and lifestyle factors are increasingly recognized as modulators of 
immune cell metabolism

• modulation of immune cell metabolism and the inflammatory microenvironment 
might foster novel treatment approaches in smoldering inflammation



Giovannoni et al. 2022.
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PIRA (progression independent of relapse activity)

• an increasing NfL level predicted relapse-associated disability worsening at one year, 

and non-relapse-associated worsening (i.e. PIRA) at two years.





Gray matter atrophy

• with 0.40 % per year performing best for detecting physical disability 

progression

• a well-established imaging marker of neurodegeneration in MS

• occurs in all phenotypes of MS 

• associated with disability accumulation
52



Brain Atrophy Occurs Early in MS 

1. Giovannoni G, et al. 2016 Mult Scler Relat Disord.  This example uses atrophy rates from studies in people with untreated MS (De Stefano N, et al. 2010 Neurology and De Stefano N, et al. 2014a CNS Drugs) and healthy 

individuals (De Stefano N, et al. 2016 J Neurol Neurosurg Psychiatry) to illustrate how brain atrophy may be accelerated in a person with MS disease onset at 25 years of age.

Brain atrophy in many people with MS is faster than usual and proceeds throughout the disease course.1
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PBVC/y in distinguishing patients with multiple 

sclerosis (MS) and healthy controls (HC) 

A cut-off higher than −0.52% (i.e., defining as “pathological”) 
can identify a PwMS with a 5% rate of false-positive results* 

HC, healthy controls; PBVC, percentage brain volume change; PwMS, patients with multiple sclerosis.

Adapted from De Stefano N, et al. 2015 J Neurol Neurosurg Psychiatry. Region of values of “pathological” brain volume loss (with an error rate of 5%, specificity-95%).

* A 5% of HC will be defined erroneously as PwMS using this cut-off.

PBVC/y can be used to distinguishing patients with MS from healthy controls 

The Rate of Yearly Brain Volume Loss Can Identify PwMS

HC

MS

-0.52%

0.40.30.20.10-0.1-0.2-0.3-0.4-0.5-0.6-0.7-0.8-0.9-1.0-1.1-1.2-1.3-1.4
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MRI - Brain Atrophy

 Cortical atrophy 

• accelerate in progressive MS compared to RRMS 

(−0.87  vs. −0.48%, respectively) 

• some brain areas display earlier atrophy compared to others, 

namely, cingulate cortex, insular and temporal cortical gray 

matter, and the deep gray matter (putamen, caudate nucleus)

• stronger association with clinical (especially cognitive) 

dysfunction than global cortical atrophy 
55



MRI - Brain Atrophy

 Thalamic atrophy

• another MRI volumetric measure of neurodegeneration in MS

• associated with higher risk for 5-year EDSS increase as well as 

for not reaching criteria of no evidence of disease activity 

(NEDA-3) after 2 years

atrophy of anterior thalamic nucleus 

• associated with decreased cognitive processing speed 

56
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Cognitive impairment at diagnosis of 
PWMS

1) predicts time to reach EDSS score of 4 

2) significantly associated with loss of employment and 
deterioration in employment status 3.5 years6 and 7 years 
later, respectively 

3) associated with significantly higher odds of progressing 
from RRMS to SPMS (odds ratio, 2.29) 

4) conversion to SPMS 10 years later

5) a significantly higher hazard of death (HR, 3.07)
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Cognitive impairment of PWMS
• more than 50% of MS clinics do not assess for cognitive 

problems at all 

• whereas 19% rely on self-reporting 

• less than one-third of all clinics doing any type of formal 
screening or testing



SDMT is a highly sensitive measure for cognitive 
performance outcome in MS

• SDMT measures has shown:
― Robust correlations with and disease 

progression1,2

― To be predictive of future cognitive decline3

― To be a valid clinical trial endpoint for measuring 
clinically meaningful change in patients with MS 
not encompassed by physical measures1

• On SDMT:

― Worsening by 4-point or greater was a strong 

predictor of clinically meaningful changes1,a

― Increase by ~3-point was associated with 

improved work status in patients with MS4

aUsing relapses and employment as clinical anchors.

SDMT, Symbol Digit Modalities Test; MS, multiple sclerosis.

1. Strober L et al. Mult Scler. 2019;25:1781–1790. 2. Sumowski JF et al. Neurology. 2018;90:278–288. 3. Amato MP et al. Mult Scler. 2010;16:1474–1482. 4. Wojcik C et al. Mult Scler. 2022;28:487–491. 5. 

Figure adapted with permission from Benedict RH et al. BMC Neurol. 2012;12:55.

SDMT test stimuli5

62

62



CI on SDMT in newly diagnosed RRMS patients predicts 
MS progression over 10 years

CI, cognitive impairment; EDSS, Expanded Disability Status Scale; HR, hazard ratio; NP, neuropsychological; PASAT3, Paced Auditory Serial Addition Test at 3 seconds; RRMS, relapsing-remitting multiple sclerosis; 

SDMT, Symbol Digit Modalities Test; SPART, 10/36 Spatial Recall Test; SRT, Selective Reminding Test; WLG, Word List Generation. 

Moccia M et al. Mult Scler. 2016;22:659-667. Figure and table adapted with permission from Mult Scler. 

• Better scores in the SDMT at baseline were

associated with lower conversion rates to SPMS

Adjusted model 

OR 95% CI P value

SRT 0.971 0.942–1.002 0.071

SPART 0.964 0.892–1.042 0.360

PASAT3 0.976 0.944–1.009 0.154

SDMT 0.959 0.927–0.993 0.019

WLG 0.983 0.948–1.018 0.349

HR = 0.941; P = 0.001 

1.00

0.75

0.50

0.25

0.00

0 2 4 6 8 10 12

Normal SDMT

Impaired SDMT

Years (mean time = 7.5 ± 2.8 years)

E
st

im
a
te

d
 p

ro
b
a
b
il
it

y

• After adjusting for age and baseline EDSS, the reduced likelihood of 

reaching EDSS 4.0 with worse baseline NP scores was only confirmed 

for SDMT

Time to secondary progression from MS diagnosis 

6363
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“No Evidence of Disease Activity” - NEDA
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「藥品給付規定」修訂對照表
第 8 節 免疫製劑 Immunologic agents



適應症 適用於治療成年病人的復發型多發性硬化症(臨床上有發作，且前二年有二次復發者)

健保給付條件

8.2.3.5.Fingolimod(如Gilenya)、cladribine(如Mavenclad)：(101/9/1、102/10/1、109/1/1、109/10/1)
1.限用於雖已接受乙型干擾素或glatiramer治療，相較於前一年度復發率仍不變或反而上升之高度活躍型復
發緩解之多發性硬化症病人(highly active relapsing–remitting multiple sclerosis 即前一年有一次
以上復發或是前兩年有兩次以上復發)，但排除使用於：
(1)EDSS (Expanded Disabi1ity Status Scale)大於5.5之患者。
(2)視神經脊髓炎(neuromyelitis optica,NMO)，包括：
Ⅰ.有視神經及脊髓發作。
Ⅱ.出現下列2 種以上症狀：
i.脊髓侵犯大於3節；
ii.NMO-IgG or Aquaporin-4 抗體陽性；
iii.腦部磁振造影不符合多發性硬化症診斷標準。

2.須經事前審查核准後使用，每年需重新申請，併應提出整個用藥期間的復發情形。(102/10/1)
3.Cladribine限給付兩年。(109/1/1)
4.Fingolimod使用兩年後，年度復發率(average annual relapse)無法減少※時應停止本藥品之治療。
(102/10/1、109/1/1)
註：年度復發率無法減少之定義為：
採計使用fingolimod藥物後一年至兩年復發次數之數據 (以最近一年或兩年之復發次數除以1或2來計算)，較
諸更先前一年或兩年之年復發率皆無再減少時。(102/10/1)
5.個案在停藥觀察期間復發且為高度活躍型復發緩解之多發性硬化症病人(highly active relapsing–
remitting multiple sclerosis可再申請並經事前審查核准後使用。(102/10/1)

Taiwan NHIA criteria for highly active RRMS
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Optimizing treatment sequencing is important when considering disease 
duration and evolving patient needs

Diagnosis at 
32 yearsa,1

A patient spends on average >40 years living with MS 

Life expectancy 
~75 yearsb,2

Early treatment with a 

high-efficacy DMT is important in 

reducing the risk of neuronal injury5

Most patients will require more than 

one DMT throughout the disease 

course3

Treatment should be selected to address 

the immediate clinical problem and to 

keep subsequent therapeutic options 

open3,4
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• Conclusion: 

• A population-based nationwide study from Sweden identified a lower risk of 

conversion from relapsing-remitting multiple sclerosis (RRMS) to secondary 

progressive MS (SPMS) after the introduction of disease-modifying therapies 

(DMTs) in 1995

• DMT efficiency was confirmed by a downward turn of the annual trajectory of the 

risk of SPMS conversion, their long-term effect was only moderate 74



IRTs may be most beneficial when used early in the disease course
Delphi Consensus, France

75

14 neurologists with MS speciality

To provide a consensus-based expert opinion on the optimal utilization of IRT in the 

management of relapsing MS using a formal Delphi consensus procedure
Objective

IRTs delay the progression of disease in the 

absence of continuous immunosuppression

IRT used as early as possible has an advantage 

for reducing inflammation in the most 

inflammatory

phase of the disease

Level of expert consensus100%

IRT used as early as possible has an 

advantage of reducing inflammation in 

the most inflammatory phase of the disease

Level of expert consensus93%
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Time to first DMT discontinuation between the two groupsTime to first relapse between the two groups
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ARR compared between oral DMTs

79



GLIMPSE is an observational real-world study, and several unmeasured confounders could influence the outcomes. Propensity-score matching was applied, which may have reduced selection bias and potential confounding to a certain level. The drop in numbers of evaluated patients 

over the observation period is a limitation to be considered; no reason for the drop in patient numbers was provided in the reference. Additionally, no safety information from the GLIMPSE study is available. Time-to- event analysis used marginal Cox models with HRs and 95% CIs. The 

entire follow-up period rather than a specific time point was assessed. Attrition in the number of patients over the observation period is reflected in the width of the confidence intervals 
aMedian follow-up of 11–13 months

CI, confidence interval; DMF, dimethyl fumarate; DMT, disease-modifying therapy; HR, hazard ratio

Spelman T et al. Mult Scler 2023;29:221–35

Time to treatment switch compared between oral DMTs
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Research and Treatment 
Undergoing Investigation for MS



Hematopoietic stem cell transplant 
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Bruton’s tyrosine kinase inhibitors 
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Remyelination

84



• In this systematic review, we examine the 

potential novel uses of GA across clinical and 

pre-clinical studies, with evidence for its 

beneficial impact on cognition 

• Future investigation in large-size, double-

blind clinical trials is warranted to establish 

the impact of GA immunomodulation on 

neuroprotection and cognitive preservation in 

various neurological conditions
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• 近三十年來，多發性硬化症的治療選擇以及提高療效抗復發的新藥物增加

• 仍然存在缺乏針對進展性疾病的有效治療方法

• 新的 DMT 在降低復發率方面具有更高的功效MRI疾病活動性，也可能帶有較
高的副作用由於免疫抑製程度增加而導致的情況

• 新的治療方法包括利用免疫保護機制，例如支持調節性 T 細胞功能和修復性
小膠質細胞功能

• 需要進一步研究來確定早期危險因子發炎狀態增加、早期神經退化或兩者的
結合

• 早期治療幹預神經發炎和神經退化方面串聯使用該疾病的研究可能是進一步
研究的關鍵治療進展和真正緩解的最終目標這種病
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