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Abstract

The purpose of the study was to determine the long-term safety and effectiveness of high-dose 

immunosuppressive therapy (HDIT) followed by autologous hematopoietic cell transplantation 

(AHCT) in advanced multiple sclerosis (MS). Total body irradiation, cyclophosphamide, and 

antithymocyte globulin were followed by transplantation of autologous, CD34-selected peripheral 

blood stem cells (PBSC). Neurological examinations, brain MRIs and cerebrospinal fluid (CSF) 

for oligoclonal bands (OCB) were serially evaluated. Patients (n=26, mean EDSS=7.0, 17 

secondary progressive, 8 primary progressive, 1 relapsing/remitting) were followed for a median 

of 48 months after HDIT followed by AHCT. The 72-month probability of worsening ≥ 1.0 EDSS 

point was 0.52 (95% CI, 0.30 to 0.75). Five patients had an EDSS at baseline of ≤ 6.0; four of 

these had not failed treatment at last study visit. OCB in CSF persisted with minor changes in the 

banding pattern. Four new or enhancing lesions were seen on MRI, all within 13 months of 

treatment. In this population with high baseline EDSS, a significant proportion of patients with 

advanced MS remained stable as long as 7 years after transplant. Non-inflammatory events may 

Users may view, print, copy, download and text and data- mine the content in such documents, for the purposes of academic research, 
subject always to the full Conditions of use: http://www.nature.com/authors/editorial_policies/license.html#terms

Corresponding Author: Richard A. Nash, MD, D1-100 Clinical Research Division, Fred Hutchinson Cancer Research Center, 1100 
Fairview Ave N, PO Box 19024, Seattle, WA 98109, Phone: 206-320-2200, Fax: 206-667-4978, rnash@fhcrc.org. 

This work was presented in abstract form in part at the American Academy of Neurology, 2008.

HHS Public Access
Author manuscript
Bone Marrow Transplant. Author manuscript; available in PMC 2013 January 01.

Published in final edited form as:
Bone Marrow Transplant. 2012 July ; 47(7): 946–951. doi:10.1038/bmt.2011.208.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



have contributed to neurological worsening after treatment. HDIT/AHCT may be more effective 

in patients with less advanced relapsing/remitting MS.
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Introduction

Inflammation of the central nervous system (CNS) is a prominent feature of multiple 

sclerosis (MS). This is most notable in acute lesions where inflammation plays a role in the 

breakdown of the blood-brain-barrier, migration of immunocytes into the CNS, and 

production of pro-inflammatory cytokines and neuronal damage. While inflammation is 

most severe in acute MS lesions, it is also found in other areas of the brain and spinal cord, 

including the cortex. Though the role of inflammation has most often been studied in 

relapsing/remitting MS (RRMS), it is present and also likely plays a role in the progressive 

forms of the disease.1 Medications currently approved by the FDA are only partially 

effective for slowing progression or reducing the number of relapses and not effective for 

progressive MS.2 More effective treatments are clearly needed.

In animal models, autoimmune inflammatory demyelination is controlled by high-dose 

immunosuppressive regimens, including those that require rescue with autologous 

hematopoietic cell transplantation (AHCT).3 A significant proportion of patients with other 

immune-mediated diseases have had durable responses to high-dose immunosuppressive 

therapy (HDIT) followed by AHCT.4–7 In preclinical studies of high-dose 

immunosuppressive regimens for autoimmune diseases, total body irradiation (TBI) was a 

more effective immunosuppressive treatment than chemotherapeutic regimens, so TBI was 

included in the HDIT regimen for this study.8 We had published our initial findings 

previously and now report the long-term outcomes.9

Patients and Methods

Study design and patients

The study design and the safety and response outcomes of this study have been reported 

previously.9,10 Data for the long-term follow-up analysis was collected from 2005 through 

2008. The study was approved by the Institutional Review Boards at the participating sites. 

The ClinicalTrials.gov identifier is NCT00014755.

Eligible patients had clinically definite or laboratory-supported definite MS by Poser 

criteria11 and a primary progressive (PP), secondary progressive (SP), or relapsing/remitting 

(RR) course.12 Patients with RRMS required two or more attacks in the previous two years, 

and all patients had to have a worsening in the Expanded Disability Status Scale (EDSS)13 

of 1.0 or more points over the preceding year. Baseline EDSS of 5.0 to 8.0 at entry into the 

study was required. Patients were excluded if they had co-morbidities that precluded the safe 

use of HDIT.
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Procedures

PBSC were mobilized with rhG-CSF (16 µg/kg/day), collected, and then CD34-selected by 

an Isolex 300I column (Baxter, Deerfield, IL).14 A minimum of 3.5 × 106 CD34+ cells/kg 

were required for HCT. Because of an MS exacerbation during mobilization in the fourth 

patient, subsequent patients were treated with prednisone 1 mg/kg/day for 10 days.

Immunosuppressive treatment included fractionated total body irradiation (800 cGy), 

cyclophosphamide (Cy) 120 mg/kg and equine antithymocyte globulin (ATG; ATGAM; 

Pharmacia, Peapack, NJ) 90 mg/kg. The transplant regimen and posttransplant supportive 

care has been previously described.9

Outcome measures

Scheduled clinical evaluations were performed before stem cell mobilization (baseline) and 

at months +1, +3, +12 and +24 as previously described.9 Patients returned for further 

evaluations and MRI scans of the brain between 3–7 years after transplant. The time of 

EDSS failure was the first of two consecutive measures or the last study visit at which the 

EDSS was increased ≥ 1 point. The number of exacerbations after day 0 of transplant was 

recorded.

Cerebrospinal fluid (CSF) examination was performed at baseline and at +3, +12 and +24 

months. The results from the clinical testing of CSF for oligoclonal bands (OCB) at the 

participating sites had been previously reported.9 Since these results were based on reports 

from different hospital laboratories at the collaborating sites, all the available CSF and 

serum samples from baseline to 2 years after transplant were studied again by isoelectric 

focusing (IEF) in a central laboratory at the University of Ottawa.15 CSF samples were later 

collected from patients 3 and 24 at +4 and +6 years as part of the long-term follow-up and 

tested at the University of Washington. Oligoclonal banding tests were performed with the 

Sebia Hydragel CSF IEF system (Sebia, Inc, Norcross, GA), using IgG-specific antibody 

reagents and methods recommended by the manufacturer. CSF and serum specimens were 

diluted to achieve a similar concentration of IgG before loading on the IEF gels. Laboratory 

personnel were unaware of the chronological order of the CSF specimens for interpreting the 

results.

Brain magnetic resonance imaging (MRI) scans were performed at the scheduled study 

visits. The scans were reviewed by a single blinded neuroradiologist who qualitatively 

assessed scans for new or expanding T2-weighted lesions and new gadolinium-enhancing 

lesions. Each patient’s scans were displayed with the dates masked and the chronological 

order randomized. A subset of brain MRI scans of patients treated in Seattle was 

additionally analyzed to quantify T2 lesion volume and total brain volume. These MRI scans 

utilized 3-mm slice thickness, no interslice gap, and reproducible positioning. The iQuantify 

program (Insightful Corp., Seattle, WA) was used to quantify T2 lesion burden and brain 

volume.
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Statistics

Safety and efficacy endpoints were reported in a descriptive analysis based on the last 

follow-up of each patient. Overall survival was estimated using the method of Kaplan and 

Meier, and disease progression was summarized using a cumulative incidence estimate.16,17 

Linear regression was used to estimate the linear change in EDSS with respect to time 

posttransplant. Generalized estimating equations were used to estimate the confidence 

interval for change in EDSS. Change in brain and lesion volume was assessed using a one-

sample t-test.

Results

Patient characteristics

Of the 26 patients enrolled, 12 were female. Most had SPMS (n = 17) or PPMS (n = 8) 

disease with a single case of RRMS. The median age at entry was 41 (range 27–60) years. 

The median disease duration at entry was 84 (range 10–277) months. The median EDSS was 

7.0 (range 5.0–8.0). Patients were followed for a median of 48 (range 3–72) months.

In the original report of this study, two patients had died and two patients were unwilling or 

unable to return to the study center for neurological evaluation.9 In the follow-up phase, one 

additional patient died before another study evaluation was done, and three patients were 

unable or unwilling to travel for an evaluation by the study neurologist. Two of these 

patients had already met the EDSS-failure endpoint. Additional data on the neurological 

status (n=18) and survival (n=2) was obtained for 20 patients.9

Evaluation of disease

Clinical assessment of neurological function—Comparing the EDSS at baseline and 

last study visit, disability was worse by ≥ 1.0 EDSS point in 10 of 26 patients (38%) and 

improved in 4 (≥ 0.5 point) (Table 1). Disability was worse in 15 patients by ≥ 0.5 EDSS 

points. EDSS failure or worsening was defined as an increase in the EDSS by ≥ 1 point on 

any two consecutive measures or at last study visit. The estimated probability of worsening 

at 72 months was 0.52 (95% CI, 0.30 to 0.75) (Figure 1). Median time to EDSS failure for 

the 11 patients was 3.0 (0.5–5.0) years. At 72 months, the estimated probability of an 

increase in EDSS by ≥ 0.5 points on any two consecutive measures among those patients 

with a baseline EDSS above 5.0, was 65% (95% CI, 0.43–0.87).

Five patients had an EDSS at baseline of ≤6.0. Four of these 5 patients had not failed 

treatment at last study visit. Five of the 8 patients with PPMS had not failed treatment at last 

study visit, but two of these patients did not have a follow-up beyond 1 year. The only 

patient with RRMS remained neurologically stable at +6 years even though the baseline 

EDSS was 7.0.

A single clinical relapse occurred shortly after transplant during an engraftment syndrome. 

No other clinical relapses were observed. No subject was put back on a disease-modifying 

treatment. Of 23 evaluable patients, 7 patients had gadolinium-enhancing lesions at baseline 

and 3 (43%) had evidence of progression (EDSS ≥1.0 point). This was similar to that 
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observed in 16 patients without gadolinium-enhancing lesions of whom 8 (50%) had 

progression.

Assessment of brain MRI—As previously reported, new, enhancing MRI lesions were 

noted in four patients all within 13 months of treatment. Among the subset of patients being 

followed in Seattle, the estimated mean decrease in T2 lesion volume from baseline to 2 

years among patients with MRI scans at each of these times (n=9) was 2.7% (S.D.=19.3%, 

p=0.69). The mean decrease in T2 lesion volume from +2 to +5 years among 8 patients with 

measurements at each time was −12.3% (S.D.=39.1%, p=0.40). The estimated mean 

decrease in brain volume from baseline to +2 years (change expressed as the mean of the 

differences between baseline and 2 years; n=12) was 2.6% (S.D.= 2.9%, p=0.01). Nine of 

these patients also had MRI scans at +5 years. The mean decrease in brain volume from +2 

to +5 years was 4.4% (S.D.=5.9%, p=.06). While the sample size was small, these data do 

not suggest that the accelerated rate in brain volume loss observed early after transplant 

decreases after 2 years in patients with advanced MS.

Assessment of CSF—CSF was available at baseline and follow-up in 15 patients. Post-

transplant samples were obtained at a median of +12 months (range 3–72). Comparing OCB 

at baseline and follow-up at +12 or +24 months, the same bands were present in 12 

specimens. Two had a decreased number of bands (one from 11 to 6, and one from 14 to 

11). One had no bands at baseline, but three bands at follow-up. Patients 3 and 24 had OCB 

studies done as part of the long-term follow-up study at +48 and +72 months (Figure 2). 

OCB persisted in both patients but there was attenuation of some of the bands at these late 

time points.

Long-term complications and survival—The short-term complications were 

previously reported, including the only treatment-related death at 53 days from a 

posttransplant lymphoproliferative disorder (patient 9).9,18 Three other patients died of 

pneumonia in the setting of advanced disability and further loss of neurological function, 

one of whom had died at day +724 and had been previously reported (patient 16).9 A second 

patient died at day +940 (patient 14). Both these patient met EDSS-failure endpoints for loss 

of neurological function before their deaths. The third patient who had previously been lost 

to follow-up at +3 months (patient 8) and who had a baseline EDSS of 8.0, died at +2645 

days, beyond the time at which the neurological assessments were completed and beyond 

the time at which any other patient had follow-up information. The estimated 5-year overall 

survival was 86%. At 7 years, one patient was diagnosed with myelodysplastic syndrome. 

He had failed a course of mitoxantrone therapy before proceeding to HDIT. If EDSS failures 

and deaths without EDSS failure are combined, then the estimate of EDSS-failure-free 

survival at 72 months was 44% (95% CI, 22–66%).

Discussion

We had previously identified important clinical issues specific to MS patients treated with 

HDIT and AHCT.9,18 Changes were made to improve the safety of the HDIT procedure 

including the administration of corticosteroids during mobilization and after transplant to 

reduce the risk of a G-CSF-mediated MS flare and engraftment syndrome.19 In our previous 
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report, the estimate of EDSS failure at +3 years was 27%. With additional follow-up data, 

the estimate of EDSS failure at 3 years was now 40% and at 6 years was 52%. Even though 

some patients continued to fail treatment with longer follow-up, there was a marked decline 

in MRI activity. This observation is similar to those of other studies in which a subset of 

patients with advanced MS continued to have a steady decline in neurological function after 

HDIT and AHCT even though there was little clinical evidence of ongoing inflammation. 

There are few published data on patient outcomes after HDIT and AHCT with a median 

follow-up of ≥ 4 years. Fassas et al. reported that with a median follow-up of 35 months, 

progression-free survival was 81% at 60 months.20 In a recent long-term follow-up report 

from this same group, disease progression-free survival at 15 years was 44% with active 

CNS disease pretransplant and 10% for those without21. The difference in outcomes based 

on disease activity at baseline could not be confirmed in the current study. At a median 

follow-up of 36 months, the Italian GITMO-Neuro Intergroup noted a 95% progression-free 

survival at 4.5 years and 64% of patients were free from disease activity.22 Researchers from 

Beijing and Russia reported estimated progression-free survivals of 64% at 49 months 

(median follow-up: 35 months) and 72% at 72 months after HDIT (mean follow-up: 19 

months), respectively.23,24 Krasulova et al. reported that 71% and 29% of patients were free 

from progression at 3 and 6 years of follow-up, respectively25. These overall findings are 

mirrored in a report from a European registry.26 Our report contributes to the long-term 

experience and shows that a significant number of patients remained stable at six years but 

that worsening of neurological function continued to occur as late as 5 years after study 

treatment.

It is uncertain why treatment failed in 11 of 26 patients, but it may reflect the advanced 

disease status of many of these patients at baseline. It has been noted that patients with 

EDSS scores ≤ 6.0 fared better than those with higher levels of disability and that 

progression-free survival was much better in patients <40 years of age and who were treated 

within 5 years of diagnosis.26,27 This view is supported by our data, where patients who 

worsened did so in the absence of clinical attacks or MRI activity and only one of five 

patients with a baseline EDSS ≤ 6.0 failed treatment. Non-inflammatory mechanisms of the 

disease may continue to be active even after aggressive immunosuppressive treatment. 

HDIT and AHCT may be more effective for patients with aggressive forms of RRMS.28–30 

In a larger series of patients with aggressive RRMS, it was shown that all of the patients 

were free from progression, and 62% of patients were free from disease activity at +3 

years.31 These observations, although still limited, would suggest that HDIT and AHCT can 

be effective for controlling the inflammatory elements of the ‘early’ MS disease process.

OCB are two or more bands of IgG in the CSF and are present in 85–90% of MS patients. 

They are produced from clonally expanded B cells in the CNS and persist indefinitely as a 

non-specific marker of the disease.32 We had previously reported that three patients who 

were positive for OCB at baseline became negative after HDIT and AHCT using agarose 

electrophoresis.9 Using the more sensitive approach of IEF, we determined that 2 of these 3 

patients remained positive for OCB. CSF from the third patient was not available for repeat 

OCB testing. With some exceptions, OCB have been observed to persist in other studies of 

HDIT and AHCT for MS.22,30,33–36 However, it has been reported that in the brains of 

patients who died after HDIT and AHCT, there were very few T cells and a complete 
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absence of B cells and plasma cells in MS lesions.37 In all reported cases of OCB after 

AHCT except one, the repeat LP was done within 12 months of the AHCT. Since antibody 

in the CSF may be long-lived even if B cells in the CNS are depleted, we tested the CSF of 

two patients at 4 and 6 years after study treatment to assess if the OCB persisted. CSF from 

three other patients had been studied at 2 years after study treatment. Persistent OCB were 

observed late after AHCT in all 5 patients even though patients may have improved 

neurologically. Although the presence of OCB at 2 years and beyond indicates that the 

clonally expanded B cells have persisted despite HDIT, OCB have not been shown to be 

useful biomarkers of disease response after conventional MS treatments and have not been 

used for this purpose. It is therefore uncertain if the persisting OCB have any clinical 

significance with regards to the durability of response to treatment.

There were two other studies that used TBI as part of a high-dose immunosuppressive 

regimen for MS. Burt et al reported that 8 of 12 patients with a baseline EDSS of >6.0 and 0 

of 9 patients with a baseline EDSS of ≤ 6.0 had failed treatment with a TBI dose of 1200 

cGy.27 Samijn et al. found that only 36% of patients were neurologically stable at 36 months 

with a regimen that used 1000 cGy.38 The investigators in these two studies raised a concern 

about the potential neurotoxic effects of TBI. We did not observe any neurotoxic effects at 

the lower dose of 800 cGy TBI that could be differentiated from the primary disease process 

or other events which occurred after transplant. In a recent meta-analysis, high-intensity 

regimens including those with TBI were not as effective as intermediate-intensity 

immunosuppressive regimens.39 Since TBI does not seem to contribute to better outcomes 

than that reported for non-TBI-based regimens and considering the concern about 

neurotoxicity and secondary malignancies, high-dose immunosuppression with 

intermediate-intensity chemotherapy-only regimens is preferable for future studies.

A decrease in brain volume has been described previously with high-dose cytotoxic 

therapies for patients with hematological malignancies.40 In MS patients, the decrease in 

brain volume is most prominent during the first month after HDIT and then later in the first 

2 years after HDIT is comparable to the baseline rates.41 Rates of brain volume loss may 

further decrease towards normal beyond 2 years.42 We have confirmed that brain volume 

decreases after HDIT but could not confirm with the limited data available that brain volume 

loss stabilizes beyond 2 years from treatment.

Similar to other published reports, the limitations of our pilot study include the absence of a 

control group. A comparison with historical controls was not possible since there is limited 

historical data on clinical outcomes for patients with aggressive, advanced MS. Another 

limitation was that a small number of patients were lost for the follow-up phase of the study. 

Furthermore, study visits after 2 years were less frequent and more irregular than in the first 

2 years so that use of confirmed disability as the EDSS-failure endpoint was thus more 

problematic. Requiring a non-confirmed increase in EDSS of 1.0 point instead of 0.5 points 

reduced the likelihood that the primary endpoint of EDSS failure was resulting from other 

factors besides a decline in neurological function especially at the last study visit.

Treatment of aggressive advanced MS with HDIT and AHCT may lead to stabilization of 

the disease in some patients for as long as six years. The procedure was not associated with 
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significant late complications, although one patient previously treated with mitoxantrone 

developed myelodysplastic syndrome. The continued worsening of neurological function in 

11 of the 26 patients, with limited evidence of new lesions on MRI or clinical exacerbations, 

indicates that non-inflammatory factors may continue to be active. This suggests that the 

treatment may be more successful if instituted in earlier stages of the disease. In order to 

address this question, it is important to study HDIT followed by AHCT in MS subjects who 

are still in the active inflammatory stage of their relapsing/remitting course.
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Figure 1. 
Overall survival and EDSS failure after high-dose immunosuppressive therapy and 

autologous hematopoietic cell transplantation for MS. EDSS failure was defined as an 

increase in the EDSS by ≥ 1 point on any two consecutive measures or at last assessment 

with the time of failure being the first of such assessments. Tick marks represent censored 

observations, and the “D” in the EDSS-failure curve represents a death without EDSS 

failure.
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Figure 2. 
Oligoclonal bands in cerebrospinal fluid before and after high-dose immunosuppressive 

therapy and autologous hematopoietic cell transplantation. Oligoclonal banding pattern of 

cerebrospinal fluid (CSF) after long-term follow-up of +6 and +4 years for patient 3 and 

patient 24, respectively. CSF samples from patient 3: baseline (a), +1 year (b) and +6 years 

(c). CSF samples from patient 24: baseline (d, +1 year (e) and +4 years (f). Some CSF bands 

were less prominent and less distinct (dotted lines) or no longer visible (double arrowheads) 

in later samples, but the overall impression was that the oligoclonal banding pattern 

remained relatively stable, suggesting little effect of HDIT on clonally expanded B or 
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plasma cells in the central nervous system. A single band (single arrowhead) appeared to be 

more prominent in the sample obtained at +6 years from patient 3 than in earlier samples. 

Paired sera drawn at the time of the lumbar puncture were available for 5 of the 6 CSF 

samples. Although a minor degree of oligoclonal banding was present in some of the sera, 

the serum bands did not account for the bands in the CSF.
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