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ABSTRACT: Background: Chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) refractory to conventional therapy
can lead to marked disability and represents a therapeutic challenge. Objective: To report five cases of treatment-refractory disabling
CIDP treated with autologous hematopoietic stem cell transplantation (AHSCT). Methods: This was a retrospective cohort study from a
tertiary care referral center for both neuromuscular disease and AHSCT. Patients with CIDP treated with AHSCT between 2008 and 2020
were included. All patients had major persistent and disabling neuropathic deficits despite combinations of intensive immunosuppressive
therapy. The primary outcome measures were: Medical Research Council sum score, Overall Neuropathy Limitations Scale and
requirement for ongoing CIDP immunotherapy after transplantation. We also analyzed safety outcomes by documenting all severe
AHSCT-related complications. Results: Five patients with refractory CIDP underwent AHSCT. Three were classified as manifesting a
typical syndrome, two were classified as the multifocal Lewis Sumner variant. The mean age at time of CIDP diagnosis was 33.4 years
(range 24–46 years), with a median delay of 46 months (range 21–135 months) between diagnosis and AHSCT. The median follow-up
period was 41 months. All five patients were able to wean off CIDP-related immunotherapy. Marked improvements in Medical Research
Council scale and overall Neuropathy Limitations Scale were noted in 4/5 patients. One patient with longstanding neurogenic atrophy
showed no improvement in disability scales. There were no treatment-related deaths or critical illnesses. Conclusions: AHSCT can
achieve marked sustained clinical improvement of refractory CIDP and may allow for weaning off long-term complex immunotherapies.

RÉSUMÉ : Greffe autologue de cellules souches hématopoïétiques dans la polyradiculonévrite inflammatoire démyélinisante chronique.
Contexte : La polyradiculonévrite inflammatoire démyélinisante chronique (PIDC) réfractaire au traitement usuel peut conduire à une incapacité
importante et poser des problèmes thérapeutiques. Objectif : L’étude visait à faire état de 5 cas de PIDC rebelle et invalidante, traitée par une greffe
autologue de cellules souches hématopoïétiques (GACSH). Méthode : Il s’agit d’une étude de cohortes, rétrospective, réalisée dans un centre de soins
tertiaires, spécialisé dans le traitement des maladies neuromusculaires et la GACSH. Ont été inclus les patients atteints de PIDC et traités par la GACSH,
entre 2008 et 2020. Tous présentaient d’importants troubles neuropathiques persistants et invalidants malgré l’association de traitements immunosup-
presseurs intensifs. Les principaux critères d’évaluation comprenaient le score sur les échelles duMedical Research Council (MRC) et Overall Neuropathy
Limitations Scale (ONLS) ainsi que les besoins continus d’immunothérapie dans les cas de PIDC après la greffe. Ont également été consignées toutes les
complications graves liées à la GACSH aux fins d’analyse de l’innocuité. Résultats : Cinq patients ont été soumis à la GACSH pour cause d’une PIDC
réfractaire : trois présentaient un syndrome considéré comme typique; deux, des troubles considérés comme une variante multifocale du syndrome de
Lewis-Sumner. L’âge moyen au moment de la pose du diagnostic de PIDC était de 33,4 ans (24–46 ans), et le temps médian écoulé entre la pose du
diagnostic et la GACSH, 46 mois (21–135 mois). La durée médiane du suivi a atteint 41 mois. Tous les patients, sans exception, ont pu être sevrés de
l’immunothérapie liée à la PIDC. De plus, les scores sur les échelles du MRC et ONLS ont révélé une amélioration importante de l’état chez 4 patients
sur 5; un seul, souffrant d’une atrophie neurogène de longue date, n’a pas connu une amélioration des résultats sur les échelles d’incapacité. Aucune
maladie grave ou aucun décès n’ont été enregistrés en lien avec le traitement. Conclusion : La GACSH peut permettre par une amélioration importante et
continue de l’état clinique chez les patients atteints d’une PIDC réfractaire, voire le sevrage d’une immunothérapie complexe et prolongée.
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INTRODUCTION

Chronic inflammatory demyelinating polyradiculoneuropa-
thy (CIDP) is a heterogeneous syndrome grouping patients
with acquired autoimmune neuropathy presenting as acute,
relapsing-remitting or more often insidiously progressive poly-
radiculoneuropathy. Up to 20% of patients with CIDP are
refractory to proven first-line therapies (IVIG, corticosteroids,
plasma exchange).1–3 Although other immunomodulatory and
immunosuppressive agents (such as cyclophosphamide, flu-
darabine or rituximab) have been used in treatment-refractory
patients, evidence for their efficacy is mostly based on small
case series and none has been proven to induce lasting disease
remission.4

Autologous hematopoietic stem cell transplantation
(AHSCT) has been increasingly used in the treatment of severe
autoimmune neurological conditions such as multiple sclerosis
and myasthenia gravis.5–7 The goal of this approach is to first
eliminate the destructive aberrant immune response using a
combination of chemotherapies and anti-lymphocyte antibo-
dies. A naïve self-tolerant immune system is reconstituted
following transplantation of autologous hematopoietic stem
cells.8 There has not yet been a randomized controlled trial of
AHSCT in CIDP. The literature has consisted mostly of
individual case reports or small case series,9–17 until the recent
publication of an open-label single-center prospective cohort
of 66 patients.18 We report here our experience of AHSCT in
the management of five treatment-refractory CIDP patients,
including two cases of the multifocal variant known as the
Lewis Sumner syndrome (LSS).

METHODS

We reviewed the AHSCT database at The Ottawa Hospital
to identify all cases with a primary indication of neuromuscular
disease. We performed a retrospective data collection limited
to cases fulfilling probable or definite EFNS/PNS diagnostic
criteria for CIDP.19 Our institution permits the publication of
anonymized small retrospective case series without formal
REB review. Baseline patient characteristics and electrodiag-
nostic study results were collected. Disability before and after
AHSCT was measured using the Overall Neuropathy Limita-
tion Scale (ONLS), which is a 0–12 ordinal scale measuring
activity limitations.20,21 Neurological impairment was mea-
sured using the Medical Research Council (MRC) sum score.20

The “before” ratings refer to the 3-month period prior to
AHSCT, and the “after” was the latest available data. We
documented details of individual AHSCT regimens and any
treatment-related adverse events. In addition to oral immuno-
modulatory medication regimens required to control CIDP, we
specifically charted the total requirement for intravenous im-
munoglobulin (IVIG), in the years preceding and following
AHSCT. IVIG use was expressed in total gram/year. Motor
nerve conduction study results were tabulated for the median,
ulnar and deep fibular nerves. Sum scores were calculated for
distal motor latency, negative-peak compound muscle action
amplitude and motor conduction velocity. Mean sum score
values before and after transplantation were compared with a
paired t test.

RESULTS

Patients

A total of five patients with refractory CIDP were treated with
AHSCT in our center between 2008 and 2020. The relevant
clinical and laboratory data for this cohort is summarized in
Table 1. Our patient population consisted of three patients with
typical, symmetrical sensorimotor CIDP and two patients with the
LSS variant of CIDP. The mean age at diagnosis was 33.4 years.
All patients had a predominantly relapsing- remitting course except
for patient 2 who followed a slowly progressive pattern. There was
no evidence of associated hematologic disorder such as monoclo-
nal gammopathy or POEMS syndrome. Four of five patients had
elevated CSF total protein (range 0.92–1.78 g/L) at the time of
diagnostic work-up; only one patient had a mild pleocytosis (WBC
count of 35). Contactin-1 and Neurofascin-155 antibodies were
tested in only one patient (negative).

Prior to AHSCT, all patients had failed to achieve satisfactory
sustained responses with standard CIDP therapies. All had been
tried on regimens combining steroids and at least one prolonged
course of IVIG or plasmapheresis. Three patients were requiring
weekly dosing of IVIG to prevent severe disability and avoid
prolonged hospitalization. All patients had received additional
unsuccessful trials of immunosuppressive medications, includ-
ing: cyclophosphamide, azathioprine, mycophenolate mofetil,
cladribine and rituximab. Patient 4 had only brief exposures to
immunosuppressive medication because of neutropenia and clin-
ical side effects.

AHSCT Protocols

Peripheral blood stem cells were collected by leukapheresis
after mobilization with cyclophosphamide (2.5 g/m2) and gran-
ulocyte colony-stimulating factor (10 mcg/kg/daily for 10 days.
Patient 1 failed to mobilize, and a bone marrow graft was
collected. Immune cells were removed from the peripheral blood
stem cell grafts by CD34 selection (CliniMacs, Miltenyi Biotech)
prior to cryopreservation. Two patients (#1, 3) received condi-
tioning with BEAM (Carmustine, Etoposide, Cytarabine and
Melphalan) chemotherapy and rabbit anti-thymocyte globulin
(Thymoglobulin, 5 mg/kg), while the three others received
conditioning with high dose cyclophosphamide (200 mg/kg),
busulfan (9.6 mg/kg) and rabbit anti-thymocyte globulin (Thy-
moglobulin, 5 mg/kg) followed by the re-infusion of the thawed
autologous grafts.

Adverse Reactions

Patients were hospitalized for a period ranging from 21 to 37
days for AHSCT. Inpatient complications included febrile neutro-
penia in four patients, nausea and enteral feeding in one patient,
mucositis in two patients (grade 2 and 3) and difficile enterocolitis
in one patient. Infectious complications also included E. coli (one
patient) and streptococcus viridans bacteremia (one patient). One
patient required antibiotic and surgical management of a rectal
abscess. CMV reactivation occurred in one patient, and hypogo-
nadism was diagnosed and treated in two patients. One patient
developed transient monophasic post-viral idiopathic thrombocy-
topenic purpura 1 year following transplant. All AHSCT compli-
cations resolved with therapy. There were no ICU admissions or

LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES

Volume 48, No. 6 – November 2021 761

https://doi.org/10.1017/cjn.2021.30 Published online by Cambridge University Press

https://doi.org/10.1017/cjn.2021.30


Table 1. Clinical and Laboratory documentation

Pt # Sex

Age at
diagnosis
(years)

CIDP
Category CSF profile

Time from
diagnosis to

AHSCT (months)

CIDP therapy prior to AHSCT
(maximum dose) Therapy at time of AHSCT

Follow up post
AHSCT (months)

Immunotherapy
at last follow-up

1 M 46 Typical CIDP Protein : 1.10 g/L WBC 0 30 Pred (50 mg/d), PE (every week),
IVIG (2g/kg every week),
Cycloph. (1g × 7 cycles),
Cladribine (0.0875 mg/kg/d ×
4 days × 3 cycles)

PE (every week) IVIG (150 g
every week),

73 Nil

2 F 24 Typical CIDP Protein : 1.78 g/L WBC 3 135 Pred (60 mg/d), IVIG (1g/kg
every 2 week), AZT (100 mg/d),
MMF (1 g twice daily),
Solumedrol (400 mg every
week), Cladribine (0.0875
mg/kg/d × 4 days × 3 cycles)

Pred (10 mg/d), IVIG (60 g every
2 week)

32 Hydrocortisone (20
mg AM–10 mg
PM)

3 M 39 LSS protein : 1.10 g/L WBC 0 21 Pred (60 mg/d), IVIG (1 g/kg
every week), Cycloph.
(1.65g × 6 cycles), PE (acute
exacerbations)

Pred (20 mg/d), IVIG (85 g every
week)

11 Nil

4 M 31 LSS Protein: 0.43 g/L WBC 0 46 Pred (60 mg/d), IVIG (1 g/kg
every 2 week), short trials of
AZT (neutropenia) and MMF
(cramps and insomnia)

IVIG (80 g every 2 week) 41 Nil

5 M 27 Typical CIDP Protein: 0.92 g/L WBC 35 56 Pred (100 mg/d), IVIG (1 g/kg
every 3 week), short trial of
mycophenolate mofetil
(6 weeks), Cycloph. (250 mg/d)

IVIG (100 g every 3 week) 119 Nil

Abbreviations: AHSCT = autologous hematopoietic stem cell transplantation; AZT = azathioprine; CIDP = chronic inflammatory demyelinating polyneuropathy; Cycloph = cyclophosphamide;
Dexa = dexamethasone; IVIG = intravenous immunoglobulin therapy; LSS = Lewis Sumner syndrome; MMF = mycophenolate mofetil; Nil = absence of CIDP-specific therapy; PE = plasma
exchange; Pred = prednisone; Pt = Patient; WBC = white blood cell.
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critical illness events. Relevant laboratory documentation of the
AHSCT treatment course is summarized in Table 2.

Clinical Response

Patients were followed for a median period of 41 months after
AHSCT (range 11–119 months). All patients were able to wean
off immunosuppressive therapy following transplant. Patient 2
required long term hydrocortisone replacement therapy. She had
developed persistent adrenal insufficiency following a 14-year
steroid treatment course. IVIG dose requirements for all five
patients in the peri-transplant period have been plotted in Figure 1,
demonstrating a sharp reduction in IVIG requirements. In the first
year following AHSCT, most received monthly low dose IVIG
(0.5 mg/kg) for infection prophylaxis, as per our institutional
protocol. One patient continued to experience disabling exacer-
bations of CIDP in the first 6 months post AHSCT and required
ongoing high-dose IVIG and therapeutic plasma exchange for a
period of 16 months; by 24 months post AHSCT he had achieved
a sustained treatment-free clinical remission.

Clinical improvements peri-transplant have been plotted in
Figure 2, using the MRC sum score and ONLS disability scale.
Four patients have so far achieved complete sustained clinical
remission following transplant and were able to resume all
normal professional and personal activities. Patient 2 failed to
demonstrate clinical improvement but was able to maintain
stability without IVIG treatment and was able to return to part-
time work.

Most post-transplant nerve conduction studies showed trends
towards improved electrodiagnostic parameters, such as lower distal

motor latencies and higher motor conduction velocities and com-
pound muscle action potential amplitudes. One notable exception
was patient 2, who had a decade long pre-transplant course with
marked distal axonal loss. The sample size was however too small to
expect such trends to reach statistical significance - paired t-test
showed no significant difference between the pre and post trans-
plantation mean conduction sum scores.

DISCUSSION

This case series provides uncontrolled evidence suggesting
possible efficacy of AHSCT in patients with treatment refractory
CIDP. Our five patients have so far maintained clinical stability
without a need for ongoing CIDP-related immunotherapy. Four
of five patients showed improvements in muscle strength post-

Table 2. Laboratory course following transplantation

Patient # Conditioning regimen Graft source
CD 34 cells infused

(106 cells/kg)

Time to
ANC> 0.5 × 109/L
(days post HSCT)

Time to platelet count
>20 × 109/L (days post

HSCT)

Transplant admission
duration (# of
inpatient days)

1 BEAM/ATG PBSC + BM 2.15 11 23 37

2 Bu/Cy/ATG CD34 selected PBSC 4.33 9 12 26

3 BEAM/ATG CD34 selected PBSC 4.96 13 24 32

4 Bu/Cy/ATG CD34 selected PBSC 13.05 13 14 29

5 Bu/Cy/ATG CD34 selected PBSC 1.99 11 10 21

Abbreviations: ANC = absolute neutrophil count; ATG = anti-thymocyte globulin; BEAM = Carmustine, Etoposide, Cytarabine and Melphalan;
BM = bone marrow; Bu = Busulphan; Cy = cyclophosphamide; HSCT = hematopoietic stem cell transplantation; PBSC = peripheral blood stem cell.

Figure 1. IVIG requirements are expressed in total g/year (y axis) for the years preceding
(Y − 1, Y − 2 : : : ) and following (Y+ 1,Y+ 2) autologous hematopoietic stem cell transplanta-
tion (AHSCT).

Figure 2. A greater MRC sum score or lower ONLS correlate with
improved clinical status.
Abbreviations: AHSCT, autologous hematopoietic stem cell transplan-
tation; MRC, medical research council; ONLS, Overall Neuropathy
Limitations Scale.
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transplant (as demonstrated by increased MRC scores) and
lessening of disability by a minimum of three points on the
ONLS scale. One patient did not show clinical improvement,
likely because of chronic axonal loss after a disease progression
of more than a decade. This demonstrates the importance of
achieving a prompt diagnosis and treatment of CIDP, to avoid
cumulative secondary axonal loss which reduces the likelihood of
clinical recovery.22–24 Our series also includes two patients with a
severe LSS, for which the option of AHSCT has been even less
well documented in the literature.16,18

The first report of AHSCT in CIDP was by Vermeulen and
Van Oers in 2002.9 Their patient had a 10-year history of
treatment refractory CIDP. He was treated with AHSCT using
a BEAM conditioning protocol. He showed a sustained clinical
response for 5 years but subsequently required immunosuppres-
sive therapy for a relapse.10

Most early publications on AHSCT in CIDP were brief case
reports of 1–2 patients9,11–13,15 with an additional more sub-
stantial case series summarizing the experience from four
Swedish university hospitals.14 This 11-subject series provid-
ed the earliest consistent longitudinal data on the assessment of
disability and clinical outcome.14 There were highly statisti-
cally significant reductions in both INCAT scores (reduction of
median values from 6 to 1) and Rankin scores (reduction of
median value from 4 to 1). Overall there was suggestive but
anecdotal evidence of meaningful clinical benefit in early
publications, typically with improvement from wheelchair to
independent ambulation within 1 year of institution of
AHSCT. A much larger cohort of 66 cases of CIDP was
recently reported from an FDA-approved phase I/II trial of
AHSCT conducted at the Northwestern Memorial Hospital
(Chicago, IL).18 Six patients were either lost to follow-up,
found to have POEMS, or died from unrelated causes. Remis-
sion, defined as stable or improving clinical status without
immunotherapy, was noted in 80% at 1 year and 83% at 5
years. Comparing results for before with all timepoints after
transplantation, there were statiscically significant reductions
in MRC and INCAT scores as well as improvements in grip
strength and quality of life measured with the SF-36 physical,
mental and total scores.

Relapse of CIDP after initially successful AHSCT is how-
ever also well documented. In a review of literature up to 2018,
8 of 21 patients reported to have had relapses, mostly within 2
years, at a median interval of 16 months (range 1–60 months).8

One of these patients even received a second successful course
of AHSCT. In the Northwestern Memorial Hospital series,
18% of patients had restarted some form of immune-based
therapy for CIDP within the 5-year follow-up period. The
literature is too heterogenous to conclude if relapses correlate
with patient selection characteristics or variations in the
AHSCT mobilization and conditioning protocols.

There was a single case of AHSCT for LSS in older
literature.16 This 24-year-old male with a 12-year history of
refractory multifocal CIDP showed transient recovery of mus-
cle weakness and resolution of conduction blocks. However, at
2 months’ follow-up post AHSCT his neurological and
electrophysiological status had returned to the pretreatment
baseline. The Northwestern Memorial Hospital series included
four successfully treated LSS cases.18 This is similar to our

experience with two cases of LSS maintaining complete
remission at 11 and 41 months post transplantation.

AHSCT does expose patients to significant risks of marked
transient bone marrow suppression and systemic toxicity.25

Patients with CIDP would be expected to suffer from similar
acute and late complications of AHSCT reported for patients
with other autoimmune and malignant disease. With modern-
day conditioning regimens and careful monitoring, mortality
rates for AHSCT in autoimmune diseases are typically less
than the 3%–4% range.26,27 No mortality has so far been
reported for the treatment of CIDP with bone marrow trans-
plantation, but the numbers treated remain too small to reflect
such low probability occurrences. The intense chemotherapy
administered prior to AHSCT increases the long-term risk of
post-transplant malignancy.28 The more frequent potential late
effect of AHSCT is autoimmune disease (typically thyroid or
hematologic). There is a cumulative risk in the range of 9.8% at
5 years for developing a second autoimmune disorder when
AHSCT was performed for an autoimmune indication, rather
than for treatment of malignancy.29 Risks of AHSCT must
however be weighed against the long-term cumulative
risks and costs of immunotherapy maintained for decades in
patients with CIDP. Additionally, persistent neuropathic dis-
ability may impair quality of life and occupational productivi-
ty. For at least four of our patients, AHSCT has so far provided
a complete and sustained medication-free neurologic
remission.

The clinical course of patient 1 raises interesting questions
about the time-course and mechanism of the immunologic
response to AHSCT in the context of CIDP. There was a triphasic
response: immediate brief remission, return of active disabling
inflammatory neuropathy requiring resumption of baseline
immunotherapy, and subsequent gradual remission of CIDP to
a treatment-free state. One can postulate that the initial response
was mediated by the lymphopenia resulting from the transplant
conditioning. The return of active CIDP may have reflected a
homeostatic expansion of graft lymphocytes as this patient did
not receive a CD34 selected graft.

Several limitations of our retrospective cohort must be
acknowledged. As the initial diagnostic workup for most patients
took place several years ago, neurofascin-155/Contactin-1 anti-
body levels were tested in only one patient. These antibodies
should now be systematically sought in the assessment of treat-
ment-refractory CIDP30,31 and they may point to different treat-
ment strategies, including the option of an early trial of rituximab.
Only one of our patients was offered a trial of rituximab prior to
AHSCT. Rituximab has limited evidence for efficacy in refrac-
tory CIDP,32–34 but at our institution access was limited by
provincial health authority coverage limitations. As there is a
significant possibility that biologic agents will be increasingly
shown to benefit CIDP patients, it may be preferable that such
treatments be made more widely available to patients before
considering AHSCT. The MRC sum score and ONLS assessment
scales (chosen because they could be uniformly applied to a
cohort dating back to 2008) may not be as reliable as modern
scales such as the Rasch-built Overall Disability Scale for
Immune Neuropathy. Finally, the small size of our cohort did
not allow for meaningful assessments of electrodiagnostic data as
an additional surrogate measure of treatment response.

THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

764

https://doi.org/10.1017/cjn.2021.30 Published online by Cambridge University Press

https://doi.org/10.1017/cjn.2021.30


Although a controlled clinical trial of AHSCT in CIDP
(similar to what has been reported in multiple sclerosis6) would
be desirable, the rarity of this condition, particularly if selecting
treatment-refractory cases, would pose considerable logistic
challenges. Our report adds to the accumulating empirical evi-
dence suggesting AHSCT can induce sustained remission. It may
also be postulated that in carefully selected cases the risk of a very
intense but time-limited immunosuppression (AHSCT) may
compare favorably to the protracted cumulative side-effects,
massive economic costs, and lifestyle restrictions associated with
decades of immunotherapy.
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