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Objective: To explore the safety and effectiveness of
high-dose cyclophosphamide (HiCy) without bone mar-
row transplantationin patients with aggressive multiple
sclerosis (MS).

Design: A 2-year open-label trial of patients with ag-
gressive relapsing-remitting multiple sclerosis (RRMS)
given an immunoablative regimen of HiCy (50 mg/kg/d
for + consecutive days) with no subsequent immuno-
modulatory’ therapyunless disease activity reappeared that
required rescue therapy.

Setting: The Johns Hopkins University Multiple Scle-
tosis Center, Baltimore, Maryland.

Patients: A total of 21 patients with RRMS were screened
for eligibility and 9 patients were enrolled in thetrial.
Patients were required to have 2 or more gadolinium-
enhancinglesions on each of 2 pretreatment magnetic
resonance imaging Scans,at least ] clinical exacerbation
in the 12 months prior to HiCytreatment, or a Sus-
tained increase of 1.0 point or higher on the Expanded
Disability Status Scale (EDSS) in the preceding year.

Intervention: Patienis received 50 mg/kg/d of cyclo-
phosphamideintravenously for + conSecutive days,fol-
lowed by5 j1g/kg/d of granulocyte colony-stimulating
facior 6 days after completion of HiCy treatment, until
the absolute neutrophil count exceeded 1.0 X 10° cells/L
for 2 consecutive days.

Main Outcome Measures: [he primary Outcome of
the study was the safety andtolerability of HiCyin pa-

tients with RRMS. Secondary outcome measures in-
cluded a changein gadolinium-enhancinglesions On mag-
netic resonance images and a changein disability measures
(EDSS and Multiple Sclerosis Functional Composite).

Results: Nine patients were treated and followed up for
a meanperiod of23 months. Eightpatients had failed con-
ventional therapy and 1 was treatment naive. The median
age at time of entrywas 29 years (range, 20-47 years). All
patients developed transienttotal or near-total pancytope-
nia as expected, followed by hematopoictic recoveryin 10
to 17 days, stimulated by granulocyte colony-stimulating
factor, There were no deaths or unexpected serious ad-
verse events. There was a statistically significant reduc-
tion in disability (EDSS) at follow-up (mean [SD] de-
crease, 2.11 |1.97]; 39.4%; P=.02). The mean (SD) number

of gadolinium-enhancing lesions on the 2 pretreatment
scans Were 6.5(2.1) and 1.2(2.3) at follow-up (81.4% re-
duction; P=.01). Two patients required rescue treatment
with other immunomodulatorytherapies duringthe study
owing to MS exacerbations.

Conelusion: Treatment with HiCywas sale and well tol-
erated in our patients with MS. Patients experienced a
pronounced reduction in disease activity and disability
after HiCy treatment. This immunoablative regimen of
cyclophosphamide for patients with aggressive MS is wor-
thy of further study and maybe an alternative to bone
marrow transplantation.

Arch Neurol. 2008;65 (8):1044-1051
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Objective: To explore the safety and effectiveness of
high-dose cyclophosphamide (HiCy) without bone mar-
rowtransplantationin patients with aggressive multiple
sclerosis (MS).

Design: A 2-year open-label trial of patients with ag-
gressive relapsing-remitting multiple sclerosis (RRMS)
given an immunoablative regimen of HiCy (50 mg/kg/d
for + consecutive days) with no subsequent immuno-
modulatorytherapy unless disease activity reappeared that
required rescue therapy.

Setting: The Johns Hopkins University Multiple Scle-
rosis Center, Baltimore, Maryland.

Patients: A total of 21 patients with RRMS were screened
for eligibility and 9 patients were enrolled in thetrial.
Patients were required to have 2 or more gadolinium-
enhancinglesions on each of 2 pretreatment magnetic
resonance imaging Scans,at least 1 clinical exacerbation
in the 12 months prior to HiCytreatment, or a Sus-
tained increase of 1.0 point or higher on the Expanded
Disability Status Scale (EDSS) in the preceding year.

Intervention: Patic¢nis received 50 mg/kg/d of cyclo-
phosphamideintravenously for + conSecutive days,fol-
lowed by5 j1g/kg/d of granulocyte colony-stimulating
facior 6 days after completion of HiCy treatment, until
the absolute neutrophil count exceeded 1.0 X 10° cells/L
for 2 consecutive days.

Main Outcome Measures: [he primary Outcome of
the study was the safety and tolerability of HiCy in pa-

tients with RRMS. Secondary outcome measures in-
cluded a changein gadolinium-enhancinglesions On mag-
netic resonance images and a changein disability measures
(EDSS and Multiple Sclerosis Functional Composite).

Results: Nine patients were treated and followed up for
a meanperiod of23 months.Eightpatients had failed con-
ventional therapy and 1 was treatment naive. The median
age at time of entrywas 29 years (range, 20-47 years). All
patients developed transienttotal or near-total pancytope-
nia as expected, followed by hematopoictic recoveryin 10
to 17 days, stimulated by granulocyte colony-stimulating
factor, There were no deaths or unexpected serious ad-
verse events. There wasastatistically significant reduc-
tion in disability (EDSS) at follow-up (mean [SD] de-
crease, 2.11 |1.97]: 39.4%; P=.02). The mean (SD) number

of gadolinium-enhancing lesions on the 2 pretreatment
scans Were 6.5(2.1) and 1.2(2.3) at follow-up (81.4% re-
duction; P=.01). Two patients required rescue treatment
with other immunomodulatorytherapies during the study
owing to MS exacerbations.

Conelusion: Treatment with HiCywas sale and well tol-
erated in our patients with MS. Patients experienced a
pronounced reduction in disease activity and disability
after HiCy treatment. This immunoablative regimen of
cyclophosphamide for patients with aggressive MSiswor-
thy of further study and maybe an alternative to bone
marrow transplantation.

Arch Neurol. 2008:65 (8): 1044-1051
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Becauseofthis clinical and immunopathologic hetero-
geneity, immunomodulatorystrategies to treat MS have
been suboptimal. Current Food and Drug Administration-
approved immunomodulatorytherapies for MSdo notabol-
ish inflammationordisease progression, and the vast ma-
jority of patients continue to accrue progressive disability
despite these therapies.

Cyclophosphamide (Cy) andits active metabolites
diffuse into cells and are converted into the alkylating
compound phosphoramide mustard through simple
intracellular decomposition.* Cyclophosphamideis a
nonspecific immunosuppressant that affects both T-
and B-cell function, and in MS may suppress interleu-
kin (IL)-12 and T-helper type 1 (Th1)-type responses
and enhance Th2/Th3 responses.’ These changes are
transient whenCyis given bystandard pulse doses, and
the immune system returns to baseline within a few
months to a yearafter cessation.**

Cyclophosphamide has been used extensivelyin treat-
ing MS, with mixed results. In several studies, pulse Cy
alone or in combination with corticotropin (adrenocor-
ticotropic hormone)or interferon resulted in stabiliza-
tion or improvement in manypatients, though toxicity
was a major limitation of these regimens.”'? In oth-
ers,'*'* standard induction regimensof Cywith or with-
out pulse boosters did not halt disease progression in pa-
tients with progressive MS.

Recently, several groups havetreated patients with MS
with more aggressive immune system ablation, requir-
ing autologous hematopoietic progenitor rescue.'*"? In
the majority of these studies, there was an apparent im-
provementorstabilization of the clinical course. Addi-
tionally, standard magnetic resonance imaging (MRI) mea-
sures of disease activity have shown dramatic, if not
complete, stabilization with such regimens.'**° In sev-
eral patients, long-term remission of both inflammation
and progression was achieved. However, somepatients
developed accelerated brain atrophyasaresult of the con-
ditioning regimen and transplant-related mortality in such
patients was between 5% and 15%.'°)7'**!

Despite its immunoablative properties, high doses
(120-200 mg/kg) of Cy (HiCy) used as conditioningfor
transplantis well tolerated and spares hematopoietic stem
cells, as demonstrated by rapid hematopoietic recovery
and immunereconstitution following this treatment in
patients with severe autoimmunediseases.” The ma-
jor mechanism ofCydetoxificationis inactivationofal-
dophosphamideby cellular aldehyde dehydrogenase to
form the inert compound carboxyphosphamide.* Alde-
hyde dehydrogenase is highly expressed in hematopoi-
etic stem cells, whereasall mature or maturingcells, in-
cluding lymphocytes, express relatively low levels of
aldehyde dehydrogenase and are therefore rapidly elimi-
nated by HiCy.* Recently, 13 patients with severerefrac-
tory MS (7 with secondary progressive MS and 6 with
relapsing-remitting MS) were studied following treat-
ment with HiCy, and many were found to havestabili-
zation or improvementofdisability. All reported an im-
provementin quality-of-life measures.*®

In our study, HiCytreatment without hematopoietic
stem cell transplantation was studied in patients with se-
vere MS. This study examinedradiologic andclinical fea-
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tures not previously studied and had a longerfollow-up
(23 months) than previously published.** We found that
HiCy treatment induced a significant reduction in dis-
ease activity and disability in most patients. Some pa-
tients experienced sustained remission of all detectable
disease activity despite receiving no subsequent immuno-
modulatorytherapy.

—_hii”
STUDY DESIGN AND INCLUSION CRITERIA

A total of 21 patients were screenedforeligibility and 9 were
enrolled between October 2003 and July 2006. Men and women
betweenthe ages of 18 and 70 years whohadfailed or refused
conventional therapyand had active disease were enrolled. Ac-
tive disease was defined as 1 clinical exacerbation between 6

and 12 months prior to HiCytreatment or a sustained in-
crease in more than | Expanded DisabilityStatus Scale (EDSS)
point in the past year and 2 or more gadolinium-enhancingle-
sions (GELs)on each of2 pretreatment MRIscans. Patients were
excluded if they had a clinical exacerbation within 3 months
prior to administration of HiCy. as those patients might not have
had stable disability. These criteria were designedto identify a
patient population with ongoing inflammatorydisease activ-
ity, high risk of continued progression, and loss of function.

STUDY TREATMENT

Approval from theJohns Hopkins institutional review board was
obtained. Patients gave consent twice, al screening and prior to
enrollmentinto the studyif they metall inclusioncriteria, All pa-
tient case summaries were presented to a Steering committee to
ensure by unanimous approval that they metall inclusion crite-
ria and no exclusioncriteria. Pretreatment studies included elec-

trocardiogram,echocardiogram or multiple gated acquisition scan,
sinus computed tomography, and extensive blood work.

Patients received 50 mg/kg/dof Cyintravenouslyfor 4 con-
secutive days. The dose of Cy was calculated according to ideal
bodyweight. Prophylaxis against Cy-induced hemorrhagic cys-
titis (generally Mesna [Uromitexan; Baxter, Deerfield, Illi-
nois]) was directed according to established clinical practice
guidelines. On day 6 (6 days after completion of HiCy treat-
ment) all patients received 5 pg/kg/d of the myeloid growth fac-
torfilgrastim (granulocyte colony—stimulating factor) until the
absolute neutrophil count exceeded 1.0 X 10° cells/L for 2 con-
secutive days. Patients also routinely received prophylactic an-
tibiotics (norfloxacin, fluconazole, and valacyclovir) while
granulocytopenic.

OUTCOME MEASURES

Patients were evaluatedat theJohns Hopkins General Clinical
Research Center every 3 months. Evaluations included stan-
dard bloodprofile, urinalysis, electrocardiogram, echocardio-
gram, neurologic examination, and MRI evaluations. Disabil-
ity was measured using the EDSS and Multiple Sclerosis
Functional Composite (MSFC),””

Magnetic resonance imaging scans were performedat 1.5 T
(General Electric, Milwaukee, Wisconsin) with an echo speed
or twin speed gradients, using the Excite platform (General
Electric Healthcare, Chalfont St Giles, United Kingdom).
Magnetic resonance imaging pulse sequences included axial
proton density T2-weighted combined pulse sequence,fluid-
attenuated inversion recovery sequences, and axial pregado-
linium and postgadolinium T1-weighted scans (0.2 mmol/kg
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Table 1. Demographic Characteristics and Disease History

Prior to HiCy Treatment
iwieaeeeeeT,|

Pretreatment=Baseline Average No.
Disease Annualized Baseline of Enhancing Lesions

Relapse Rate EDSSScore (2 Pretreatment Scans)
15 7.0 45

Patient No./Sex/Age,y,
at Entry Into Study Duration, y

V/M/47

5.5
8

10
9
65
7
6
35

2/M/46 1.17 7.0

Past Treatments

Steroids, Avonex,* Rebif,” IVIG,pulse
cyclophosphamide

Steroids, Avonex
Rebif, Avonex, steroids
Avonex, steroids, glatiramer acetate
Steroids, Betaseron,° Rebif, glatiramer acetate
Rebif, glatiramer acetate
Avonex,steroids, Celicept®
No past treatment
Steroids, Avonex

 
Abbreviations: EDSS, Expanded Disability Status Scale; |VIG, intravenous immunoglobulin; HiCy, high-dose cyclophosphamide
* Biogen Idec, Cambridge, Massachusetts.
DEMD Serono, Rockland, Massachusetts
“Bayer Healthcare Pharmaceuticals, Wayne, New Jersey.
SRoche Pharmaceuticals, Nutley, New Jersey.

using Omniscan [General Electric Healthcare]: this is double
the dose compared with conventional scanning protocols).

STATISTICAL ANALYSIS

Statistical tests were performed using SPSS 15.0 (SPSS, Chicago,
Illinois). Although 2 patients received other immunomodula-
torytreatments during follow-up,all patients were followed up
for safety and included in the effectiveness analysis (intention-
to-treat analysis). Means, medians, and standard deviations were
calculated. Nonparametric tests (Wilcoxon rank sumtest) were
used to evaluate the change at follow-up compared with base-
line. The MSFC z scores werecalculated using a standardizedref-
erence population from the National Multiple Sclerosis Society
Task Force data set.” ** Baseline EDSS and MSFCscores were used

to calculate the percentage of changein disability scores at follow-
up. The screening data were used for patient 5, as the baseline
MSFCvisit was missing.

MRI ANALYSIS

Brain parenchymalfraction (BPF) was computedas theratio ofbrain
volumetointracranial volume,as previously described.” The T2
plaque volumes were semiautomatically obtained usinga fuzzyseg-
mentation procedure**” applied to the brain-extracted fluid-
attenuated inversion recovery images by modeling plaqueinten-
sities as outliers, similar to the approach described by Van Leem-
putetal,” The resulting segmentation wasinclusiveof the plaques
butincluded false-positives that were manually removed bya trained
operatorusing information from both thefluid-attenuated inver-
sion recovery and T2-weighted scans. Changes in lesion volume
were measured on T2-weighted images from baseline to the most
recent follow-upvisit, and annualized changes in BPF were cal-
culated using the Wilcoxon signed ranktest.

—_ki—
DEMOGRAPHICS

Thebaseline demographiccharacteristics of this study popu-
lation (6 men, 3 women; mean [SD] age at entry, 35 [3.5]
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years) are described in Table 1. There were 3 African
American patients (patients 5, 7, and 9). The mean dis-
ease duration was 7.6 years (median, 4 years; range, 1.5-15
years). This cohort had a baseline annualized relapse rate
of 1.7 episodes per year (historical data), a mean EDSSscore
of 5.0, and a mean (SD) of 6.5(2.1) GELs using double-
dose gadolinium (Table 1). Eight patients had failed con-
ventional immunomodulatorytherapyand 1 patient was
treatmentnaive at entry. The meantimeto follow-upafter
HiCytreatmentin this cohort was 23 months.

HEMATOLOGIC RECOVERY

The total white blood cell countfell to fewer than 80 cells/

mm?’ inall patients, with recovery measuring more than
3500 cells/mm’at a median of 15 (range, 13-30) daysaf-
ter the last dose of Cy (Figure 1). The median number
of red blood cell transfusions was 2 (range, 0-4), and the
median numberofplatelet transfusions was | (range, 0-3).

SAFETY

High-dose cyclophosphamide was well tolerated, with no
serious or unexpected adverse events. Twopatients devel-
oped febrile neutropenia, and 3 hadself-limited docu-
mented infections. There was | episode of confusion (pa-
tient 3) at 15 months that was probablyunrelated to the
HiCytreatment. The patient was also taking lithium and
amitriptyline and had not decreased his dose as suggested
by his physician. There were 4 hospital or emergencyde-
partment admissions during the study follow-up. Patient
1 was admitted to the hospital on 2 occasions owing to sus-
pected MS exacerbation that was not confirmed by MRI.
The patient wastreated with rituximab 10 months after
HiCytreatment and pulse cyclophosphamide at month12.
The patient's EDSS score was 7,0 at 9 months and 8.0at
the 12-month follow-up visit. The EDSS score had de-
creased to 7.5 at 15 months. Although there was no clear
change in the patient's disability immediatelyafter either
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Figure 1. White blood cell (WBC) response to high-dose cyclophosphamide (HiCy). Patients were assessed for peripheral WBC counts, with administration of
HiCy beginning on day -4. On day 6 (6 days after completion of HiCy treatment) all patients received the myeloid growth factor,filgrastim (granulocyte
colony-stimulating factor [G-CSF}).

ofthese treatments, he did have an improvement;his symp-
toms were backto baseline by the completion ofthe study.

Patient 5 had a clinical exacerbation 4 days prior to
her scheduled 18-monthvisit and wastreated with ste-

roids. Her baseline EDSS score was 6.5 and she had an

average of 9 GELs prior to HiCytreatment. At 18 months,
her EDSSscore was 3.5. She developed mild truncal ataxia
and recurrenceoffatigue that had been debilitating prior
to HiCytreatment. Her MRIrevealed 3 possible lesions
with weak gadolinium enhancement,andshestarted an
intravenoussteroid regimen, resulting in some improve-
ment, followed by ongoing monthlydaclizumabtherapy.
At her 24-month follow-up, she had an EDSS score of
3.5 and 1 GEL on her MRI.

Patient 9 was admitted to the emergencydepartmentat
12 months,following a motorvehicle crash. She developed
aurinarytract infection,resulting in an increase in her EDSS
score at 12 months. Patient 7 had a hospital admission at
19 months owing to confusion and cognitive changes and
was diagnosed with bipolaraffective disorder.

DISABILITY (EDSS AND MSFC SCORES)

The mean (SD)baseline EDSS scoreof the cohort was 5,17

(1.84) (range, 1.5-7.0). Patients 1 and 2 worsened by 0.5
point on the EDSS betweenscreeningandbaseline: this pro-
tocol deviation was reported to the institutional review

(REPRINTED) ARCH NEUROL/VOL 65 (NO. 8), AUG 2008
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board. Atthelast evaluation, the mean (SD) EDSSscore

for all patients in the study was 3.06 (2.36) (range, 0-7;
P=.02). This represents an aggregate 39.4% reduction in
disability in an average follow-up of 23 months. Indi-
vidual EDSSscores at baseline and follow-up are shown
in Table 2. Fourofthe patients had no changeorless than
a 1-point change on the EDSSat thelast follow-up from
baseline, while 5 had a sustained decrease of greater than
1 point on the EDSSthatpersisted through thelast exami-
nation. In the subgroupofpatients who improved by more
than 1 EDSS pointat the last follow-up, there was a 65%
reduction in EDSSscores.

Patients were administered the MSFC,a multidimen-

sional clinical outcome measure that measures upper ex-
tremity, lower extremity, and cognitive functionat screen-
ing, baseline, and at eachstudyvisit at 3-monthintervals
understandardized conditions. The baseline scores were

used to calculate the MSFC zscores,to accountfor prac-
tice effects. The cohort had a statisticallysignificant im-
provement in MSFCzscores (average improvement, 87%:
P=.03). The improvementwas notedin all 3 of the MSFC
subscores, although a changein the 9-Hole Peg Test score
did notreachstatistical significance (Table 3). At base-
line, patient 9 was unable to complete the Timed 25-
Foot Walk within 3 minutes. By the 3-month follow-up,
the time to complete the Timed 25-Foot Walk was 6.5
seconds, and at 12 months it was 4.9 seconds.
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