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Introduction
Pathogenesis and clinical characteristics of chronic 
immune-mediated sensorimotor neuropathies 
(CIN) are complex.1 In addition to chronic inflam-
matory demyelinating polyradiculoneuropathy 
(CIDP), clinical subgroups like the multifocal 
acquired demyelinating sensory and motor neu-
ropathy (MADSAM), also named Lewis-Sumner 

syndrome and autoantibody-mediated variants 
have been characterized in recent years.2–8 
Accordingly, treatment of CIN is challenging. Up 
to 20% of patients do not adequately respond to 
first-line therapy with steroids (STE), immuno-
globulins (IVIg), and plasmapheresis (PE) and 
require further immunotherapy.9–13 Studies on 
these treatments are limited.14 Two drugs used 
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commonly in patients refractory to first-line treat-
ment or with severe disease course are rituximab 
(RTX) and cyclophosphamide (CYP). RTX is a 
monoclonal anti-CD20 antibody selectively 
depleting premature B-cells. A total of 60 patients 
with CIDP with a response rate of 78% to RTX 
were reported in different case series.14–18 CYP has 
also been reported to be a sufficient immunosup-
pressant therapy. In a case series of 51 CIDP 
patients, 35 (69%) benefited from CYP therapy.14 
A third novel treatment in refractory CIDP is bort-
ezomib (BTZ) – a proteasome inhibitor. In a previ-
ous case series, our group described the efficacy of 
BTZ in 10 CIDP patients.19 Further reports about 
the effectiveness of these therapies in CIN are nec-
essary. The aim of this study was to retrospectively 
analyze clinical response to treatment with CYP, 
RTX, and BTZ in a cohort of 200 CIN patients.

Methods

Patients
In a single-center retrospective observational 
study (St. Josef-Hospital, University Hospital 
Bochum, Germany), 200 patients with CIN 
(whole cohort) were analyzed regarding demo-
graphic, clinical, and treatment data during 
January 2005 and June 2019. Patients with typi-
cal CIDP (tCIDP) were diagnosed in accordance 
with the diagnostic criteria of the European 
Federation of Neurological Societies/Peripheral 
Nerve Society (EFNS/PNS).20 Atypical CIDP 
(aCIDP) was diagnosed in accordance with 
EFNS/PNS criteria and criteria from Doneddu 
et  al.,21 including distal acquired demyelinating 
symmetric neuropathy (DADS) and MADSAM. 
Paraproteinemic demyelinating neuropathy 
(PDN) was diagnosed according to EFNS/PNS 
criteria as demyelinating neuropathy with clinical 
phenotype of distal or distal and proximal sym-
metric neuropathy and IgM monoclonal gam-
mopathy of undetermined significance (MGUS) 
with or without myelin-associated glycoprotein 
(MAG) antibodies.22 Paraprotein was searched 
by serum protein electrophoresis and immuno-
fixation. If available, patients were stratified for 
the autoantibody status [anti-MAG, anti-ganglio-
side, Neurofascin-155 (NF155), Contactin1].

Drugs, dosage and duration
Treatments were applied in the following sche-
mata 14,20,23:

1. First-line:
-  IVIg: 2 g/kg divided over 2–4 days, main-

tained by 1–2 g/kg divided over 1–2 days 
every 4–8 weeks, attempting individual 
dose reduction after stabilization;

-  subcutaneous immunoglobulins (scIg) 
0.2–0.4 g/kg per week with individual 
dosing after stabilization;

-  STE: 1 mg/kg per day orally, or intermit-
tent high dose therapy with 500–1000 mg 
methylprednisolone for 3–5 days intrave-
nous and repetition every 12 weeks;

-  PE: 5–7 cycles of PE during 2 weeks.
2. Other immunotherapies (in or without 

combination to first-line):
-  Azathioprine (AZA): 150–250 mg daily 

with a target lymphocyte count of 
700–1200/μl;

-  Mycophenolate mofetil/mycophenolic 
acid (MPA): 1000–2000 mg daily with a 
target trough level of 1–2 mg/l;

-  Cyclosporin (CsA): 3–5 mg/kg daily with 
a target trough level of 70–150 ng/ml;

-  Methotrexate (MTX): 15 mg per week 
orally or subcutaneous.

3. Therapy with CYP, RTX, and BTZ:
-  CYP: induction with 350 mg/m2 daily for 

3 days, then 600 mg/m2 every 4–8 weeks 
adjusted depending on leucocyte nadir;

-  RTX: 500–1000 mg every 6–12 months 
depending on CD19 cell depletion in 
peripheral blood;

-  BTZ: initiation with one or two cycles, 
one cycle consisting of four subcutaneous 
injections of BTZ (1.3 mg/m2) within 
2 weeks, at days 1, 4, 8, and 11. Repetition 
after 6–12 months depending on the clini-
cal response.19

In case of combination of CYP, RTX, and 
BTZ, these were used consecutively and not 
simultaneously.

Outcome analyses
Clinical disability was evaluated using the 12-point 
inflammatory neuropathy cause and treatment 
overall disability score (INCAT-ODSS), Medical 
Research Council Sum Score (MRC) and modi-
fied Rankin scale (mRS) at initial diagnosis, at 
timepoint of treatment with CYP, RTX, and BTZ, 
as well as 18–6 months prior to, and 3–18 months 
after, treatment.24–26 Long-term outcome was 
defined using last available INCAT-ODSS.
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Response to every single treatment with CYP, 
RTX, and BTZ was defined as: (a) improvement 
by at least one INCAT-ODSS point, or (b) sus-
tained stabilization of INCAT-ODSS for at least 
6 months after prior worsening of at least one 
point in the previous 3 months.

Some patients received more than one, in some 
cases up to three, therapies consecutively (CYP, 
RTX, and BTZ). In these cases, the ‘overall 
response’ described the status at the end of all 
three applied therapies.

Non-responders were defined as: (a) failure to sta-
bilize disease progression after a worsening of at 
least one INCAT-ODSS point in the previous 
3 months, (b) failure to improve INCAT-ODSS 
by at least one point in case of prior stable INCAT-
ODSS, (c) adverse side effects that do not allow 
continuation of therapy, (d) death due to progres-
sive disease course.

Statistics
Statistical analysis was performed using  
IBM® SPSS Statistics (version 26.0.0.0). 
Demographics and clinical characteristics were 

compared between groups using Student’s t test 
for numerical normally distributed variables or 
chi-squared (χ2-test) for nominal variables. 
Analysis of variance (ANOVA) was used to ana-
lyze the outcome parameter INCAT-ODSS in 
dependence of the treatments. χ2-test was used 
to evaluate whether the therapy was associated 
with clinical response (response rate). For all 
analyses, the statistically significant threshold 
was set at p value < 0.05.

Results

Characteristics of the whole cohort
The whole cohort consisted of 200 patients, 138 
male (69%) and 62 female (31%); 163 had 
tCIDP (81.5%), 13 had aCIDP (6.5%), 15 had 
MADSAM (7.5%), and 9 had PDN (4.5%, 
Figure 1a). The distribution of electrophysiolog-
ical EFNS/PNS criteria in ‘possible,’ ‘probable,’ 
and ‘definite’ is shown in Figure 2 and 
Supplemental Table S1.

At the time point of diagnosis, mean age was 
57 ± 13.8 years, MRC score was 56.5 ± 5.0 
(n = 107) and mRS was 1.68 ± 0.99 (n = 165). 

Figure 1. (a) Distribution of types of CIN in the whole cohort. (b) Distribution of types of CIN in the patients 
receiving CYP, RTX, and/or BTZ. (c) Proportion of patients receiving CYP, RTX, and/or BTZ per group.
BTZ, bortezomib; CIDP, chronic inflammatory demyelination polyneuropathy; CIN, chronic immune-mediated sensorimotor 
neuropathies; CYP, cyclophosphamide; MADSAM, Lewis-Sumner syndrome/multifocal acquired demyelinating sensory and 
motor neuropathy; PDN, paraproteinemic demyelinating neuropathy; RTX, rituximab.
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Mean follow-up time from diagnosis until last fol-
low up was 6.1 ± 5.8 years. During this time, 
mean INCAT-ODSS of the whole cohort deteri-
orated by 35% (0.8 points, Table 1).

Treatment of the whole cohort. Therapy data were 
available for 181 (90.5%) patients. IVIg was the first-
line therapy used most frequently (84.5%), followed 
by STE (73.5%). PE was rarely used (12.2%). Each 
patient received at least one attempt of first-line 
treatment. Of second-line therapies, AZA (36.3%) 
and mycophenolate (20.9%) were the treatments 
used most frequently. A total of 66 (36.5%) patients 
received first-line therapy only, while 67 (37.0%) 
received second-line drugs other than CYP, RTX, 
and/or BTZ; 48 patients (26.5%) received a therapy 
with CYP, RTX, and/or BTZ. Details of first-line 
and other therapies are given in Table 2.

Characteristics of patients treated with CYP, 
RTX, and/or BTZ
A therapy with CYP, RTX, and/or BTZ was per-
formed in 48 patients refractory to first-line 
treatments with IVIg, STE, or PE (26.5% of 181 
patients). Characteristics of these patients are 
given in Table 1. The diagnoses PDN and 
MADSAM were more frequent in this group, 
while typical CIDP was more frequent in the 

group not receiving CYP, RTX, and/or BTZ 
(Figure 1). In particular, 60% of MADSAM and 
55% of PDN received a therapy with CYP, 
RTX, and/or BTZ. In contrast, patients with 
tCIDP received these treatments in 19% of 
cases; 33.3% of MADSAM patients also had a 
MGUS (IgM n = 1, IgG n = 3). Patients treated 
with CYP, RTX, and/or BTZ did not differ from 
the remaining patients in age, sex, and time from 
first manifestation to diagnosis (Table 1). Those 
patients needing potent immunotherapy with 
CYP, RTX, and/or BTZ had a worse INCAT-
ODSS at the time of diagnosis as well as at the 
end of follow up. The MRC sum score at time-
point of diagnosis did not differ, but was availa-
ble in only 50% of patients. The mean duration 
from diagnosis to first treatment with CYP, 
RTX, or BTZ was 39.7 ± 48.9 months, median 
was 26.5 [interquartile range (IQR) 48, range 
0–272]. The follow-up time was significantly 
longer in the patients treated with CYP, RTX, 
or BTZ (7.5 years) than in the remaining patients 
(5.6 years, Table 1).

Supplemental Table S2 shows the individual 
features in patients treated with CYP, RTX, or  
BTZ. A total of 29 (60%) patients were treated 
with a monotherapy of CYP, RTX ,or BTZ, 
most frequently CYP (n = 18). RTX 

Figure 2. Fulfillment of electrophysiological EFNS/PNS criteria in the whole cohort.20

CIDP, chronic inflammatory demyelination polyneuropathy; CIN, chronic immune-mediated sensorimotor neuropathies; 
EFNS/PNS, European Federation of Neurological Societies/Peripheral Nerve Society; MADSAM, Lewis-Sumner syndrome/
multifocal acquired demyelinating sensory and motor neuropathy; PDN, paraproteinemic demyelinating neuropathy.

https://journals.sagepub.com/home/tan


J Motte, AL Fisse et al.

journals.sagepub.com/home/tan 5

monotherapy was performed in nine patients, 
and two received a monotherapy with BTZ. 
Still 40% of the patients did not respond to the 
first therapy and needed further treatment. Of 
these, 19 patients (40%) received a combina-
tion of treatments in their disease courses. In 
total 48 patients were treated with 71 regimens 
of CYP, RTX, or BTZ (1.48 treatments/
patient). Of these 71 regimens, CYP was the 
treatment used most frequently (n = 34, 
47.9%), followed by RTX (n = 25, 35.2%) and 
BTZ (n = 12, 16.9%).

Distribution of the applied treatment regimen was 
strongly dependent on the type of CIN (Table 3): 
87% of patients with tCIDP were treated with 
CYP. In contrast, 89% of patients with MADSAM 
and most patients with aCIDP and PDN were 
treated with RTX. BTZ was used in all groups 
similarly.

Treatment response and outcome of patients 
treated with CYP, RTX, and/or BTZ. As described 

Table 1. Patient characteristics of whole cohort, patients treated with CYP, RTX, and/or BTZ and remaining patients.

Whole cohort Patients treated with 
CYP, RTX, and/or BTZ

Remaining patients p value

 n n n

Gender, male/female 138/62 200 35/13 48 103/49 153  

Age at first diagnosis, mean ± SD 57.0 13.8 186 55.2 12.0 48 57.7 14.4 139 0.27

INCAT-ODSS at initial diagnosis, 
mean ± SD

2.3 1.9 169 3.1 2.5 48 2.0 1.6 121 <0.01

MRC sum score at initial diagnosis  
(max. 60), mean ± SD

56.5 5.0 107 55.6 4.6 24 56.7 5.2 83 0.35

mRS at initial diagnosis, mean ± SD 1.7 1.0 165 2.0 1.1 42 1.6 0.9 123 0.04

Time between manifestation and 
diagnosis (months), mean ± SD

37.1 42.6 184 34.7 42.7 47 38.0 42.8 137 0.65

Disease duration before treatment 
with CYP, RTX, and/or BTZ (months), 
mean ± SD

39.7 48.9 48  

Follow-up time (years), mean ± SD 6.1 5.8 186 7.5 6.1 48 5.6 5.7 138 0.04

Age at the end of follow up, mean ± SD 63.4 13.4 200 63.0 12.4 48 63.5 13.7 152 0.81

INCAT-ODSS at the end of follow up, 
mean ± SD

3.1 2.4 194 4.8 2.9 48 2.5 1.8 146 <0.001

BTZ, bortezomib; CYP, cyclophosphamide; INCAT-ODSS, inflammatory neuropathy cause and treatment overall disability score; MRC, Medical 
Research Council; mRS, modified Rankin scale; RTX, rituximab; SD, standard deviation.

Table 2. Overview of first- and second-line drugs 
used in the whole cohort.

n %

First-line drugs

 Intravenous immunoglobulins 153 85

 Steroids 133 74

 Plasma exchange 22 12

 Subcutaneous immunoglobulins 15 8

Second-line drugs

 Azathioprine 66 36

 Mycophenolate mofetil 38 21

 Steroids (orally) 30 17

 Ciclosporin A 24 13

 Methotrexate 6 3

Therapy regimens of 181 patients (90.5%) were 
available.
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in Methods, treatment response was defined as: 
(a) improvement by at least one INCAT-ODSS 
point or (b) sustained stabilization of INCAT-
ODSS for at least 6 months after prior worsening 
of at least one point in the previous 3 months.

The overall response-rate was 85.4% in patients 
refractory to first-line treatments who were 
treated with CYP, RTX, and/or BTZ. Response-
rates to first, second, and third therapy with CYP, 
RTX, and/or BTZ and response rates between 
the three different drugs were equal.

The INCAT-ODSS in Figure 3 illustrates the 
courses of disease after first, second, and third 
therapy with CYP, RTX, and/or BTZ in compar-
ison with patients not receiving treatment with 
CYP, RTX, and/or BTZ (remaining patients). 
The INCAT-ODSS course in Figure 3 shows the 
therapeutic response to CYP, RTX, and/or BTZ 
at 12 months after treatment.

The subgroup of patients receiving treatment 
with BTZ was clinically more affected than 
patients who were treated with CYP or RTX 
only. Patients treated with BTZ suffered from the 
disease 6.1 years longer than patients treated with 
CYP or RTX (6.0 ± 4.7 versus 12.1 ± 8.0, t test 
p < 0.01) and showed the worst outcome in 
INCAT-ODSS (4.1 ± 2.3 versus 7.7 ± 3.1, t test 
p < 0.01), but did not differ at time of diagnosis.

Patients who received therapy with CYP, RTX, 
or BTZ within 24 months after diagnosis had a 
significantly higher response rate after first ther-
apy (79.2% versus 50.0%, χ2-test p = 0.034) and a 

better INCAT-ODSS 12 months after first ther-
apy (3.3 versus 4.8, t test p = 0.03) than those who 
were treated later (Figure 4). At initial diagnosis 
and at time point of therapy with CYP, RTX, or 
BTZ, the INCAT-ODSS was equal in patients 
treated early and late.

Regarding the outcome of the different types of 
CIN refractory to first-line treatment, we found 
a significantly better response rate for the nine 
MADSAM patients to RTX than to CYP and 
BTZ (n = 15 regimens, response rate of RTX 
100% (8/8), CYP 40% (2/5), BTZ 0% (0/2); 
p < 0.01, χ2-test). However, CYP was used 
most frequently as first drug out of CYP, RTX, 
and BTZ in MADSAM (55.6%), resulting in 
low response rates of MADSAM after CYP 
(44.4%).

For the 13 patients with autoantibodies of any 
kind, we found a better response rate after using 
RTX than CYP (response rate of RTX 90%, 
CYP 50%, p = 0.1005, χ2 test). One patient with 
anti-NF155 and one with anti-Contactin were 
initially treated with RTX, and both responded to 
treatment. Three of four cases with anti-MAG 
antibodies responded excellently to RTX (80%), 
whereas one further patient with a follow-up  
time of only 6 months did not (yet) respond.  
PDN showed an overall therapeutic response rate 
of 80%.

Patients with typical CIDP (n = 31) had an overall 
response rate to therapy with CYP, RTX, and/or 
BTZ of 90%. However, in 50% of the patients, 
this good response did not result from 

Table 3. Distribution of therapy regimens dependent on type of CIN (n = 48).

Type of CIN Typical CIDP (n = 31 
patients)

MADSAM (n = 9 
patients)

Atypical CIDP (n = 3 
patients)

PDN (n = 5 patients) p value

Therapy regimen Regimens/type 
of CIN* %

Regimens/type 
of CIN* %

Regimens/
type of CIN* %

Regimens/type 
of CIN* %

 

CYP 27 87 5 56 1 33 1 20 <0.01

RTX 11 36 8 89 2 67 4 80 0.02

BTZ 8 26 2 22 1 33 1 20 0.97

*Number of therapy regimens used per number of patients in each type of CIN, indicating inhomogenous use of drugs in different types of CIN.
BTZ, bortezomib; CIDP, chronic inflammatory demyelinating polyneuropathy; CIN, chronic immune-mediated sensorimotor neuropathies; CYP, 
cyclophosphamide; MADSAM, Lewis-Sumner syndrome/multifocal acquired demyelinating sensory and motor neuropathy; PDN, paraproteinemic 
demyelinating neuropathy; RTX, rituximab.
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(a) (b) (c)

(d) (e) (f)

Figure 3. INCAT-ODSS before and after first (n = 48), second (n = 18), and third therapy (n = 6) with CYP, RTX, 
and/or BTZ for patients refractory to first-line treatment. Mean duration until first treatment with CYP, RTX, 
and/or BTZ was 39.7 months, until second treatment 67.1 months, and until third treatment 119.8 months. For 
comparison, INCAT-ODSS at 40, 67, and 120 months after initial diagnosis of patients not treated with CYP, 
RTX, and/or is shown in the figure (remaining patients). At 12 months before first therapy, the INCAT-ODSS 
did not differ significantly between both groups but was higher in patients treated with CYP, RTX, and/or BTZ 
(3.0 versus 2.3, t test, p = 0.09). At the time of first treatment with CYP, RTX, and/or BTZ, the score increased 
to 4.4 points in patients treated with CYP, RTX, and/or BTZ and stayed at 2.4 points in the remaining patients 
(t test, p < 0.01). At 12 months after first therapy with CYP, RTX, and/or BTZ, the INCAT-ODSS decreased, 
showing the therapeutic response. However, patients treated with CYP, RT,X and/or BTZ were still more 
disabled than the remaining patients (INCAT-ODSS 4.0 versus 2.2 at 12 months after therapy; p < 0.01). 
Similar results were found for second and third therapy. The INCAT-ODSS in patients receiving a third therapy 
increased to up to 6.5 points, whereas the remaining patients stayed between 2.5 and 3.5 points (p < 0.01).
*p = 0.05, **p = 0.01,***p = 0.001,****p < 0.001.
BTZ, bortezomib; CYP, cyclophosphamide; INCAT-ODSS, inflammatory neuropathy cause and treatment overall disability 
score; RTX, rituximab.

Figure 4. Patients who received therapy with CYP, RTX, or BTZ within 24 months after diagnosis had a 
significantly higher therapeutic response rate after first therapy than those who were treated later (79.2% 
versus 50.0%, χ2-test, p = 0.034).
BTZ, bortezomib; CYP, cyclophosphamide; RTX, rituximab.
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one individual therapy but from a consecutive 
combination of two (n = 11, i.e., CYP plus RTX) 
or three (n = 4, CYP plus RTX plus BTZ) drugs. 
The response rate of the individual drugs was 
64% for CYP (n = 25), 63.6% for RTX (n = 11), 
and 75% for BTZ (n = 8). Typical CIDP was the 
only subgroup in which all three therapies (CYP 
plus RTX plus BTZ) were applied consecutively.

Side effects. CYP led to more adverse effects 
than RTX and BTZ. One patient receiving CYP 
developed a pancreatitis, one developed a leuco-
penia, and one severe nausea and vomiting. These 
events led to discontinuation of therapy. Two can-
cers occurred after CYP and at least one seemed 
to be associated with CYP. One patient developed 
urothelial carcinoma despite treatment with 
Mesna (cumulative dosage of CYP: 4110 mg/m2, 
carcinoma 18 months after last therapy with 
CYP); another had a colon carcinoma (cumula-
tive dosage of CYP: 4340 mg/m2, carcinoma 
22 months after last therapy with CYP). During 
RTX treatment, one patient described a mild 
itching, no severe reactions occurred in our 
cohort. Regarding BTZ, no undesirable effects 
were observed in our cohort.

Discussion
Treatment with CYP, RTX, or BTZ was effective 
in this cohort of CIN refractory to first-line treat-
ment. The strength of this study is that we 
explored a large cohort of CIN patients. All 
patients analyzed in this study were refractory to 
first- and second-line treatments; 85% of these 
CIN patients showed therapeutic response to 
CYP, RTX, and BTZ. Early treatment with CYP, 
RTX, and BTZ improved the long-term out-
comes compared with treatment later than 
24 months after diagnosis.

Our whole cohort is comparable with other inter-
national CIN cohorts.21,27,28 Only disease dura-
tion was somewhat shorter in our cohort than in 
the Italian cohorts.21 Our ratio of 1.48 therapy 
regimens per patient is similar to the study of 
Cocito et al.29 However, our cohort is unique in 
their form. There are cohorts that were also 
treated with RTX and CYP in combination, but 
none that included BTZ.

An important aspect of our cohort is that RTX 
was used in a low-dose treatment regimen (500–
1000 mg every 6–12 months depending on CD19 
cell depletion), different to what is used in rheu-
matological conditions. Dosing of RTX is dis-
cussed frequently, and some studies show that 
lower dosing of RTX depending on CD19 deple-
tion results in similar effectiveness with fewer side 
effects like infections.30–32

In our cohort, 26.5% of patients needed a therapy 
beyond the usual immunosuppressants. As 
expected, the patients receiving therapy with CYP, 
RTX, and/or BTZ were severely affected. However, 
it is noteworthy that these patients already had a 
more severe disability, measured as worse INCAT-
ODSS and mRS values when initially diagnosed. 
Interestingly, patients receiving therapy with CYP, 
RTX, and/or BTZ more often had aCIDP or 
MADSAM than the remaining patients.

Due to the rapid onset of action and its broad 
immunological spectrum, we suppose CYP is the 
most common and first used drug. RTX as first 
drug was used mainly for patients with atypical 
CIDP and with suggested autoantibody or B-cell-
driven disease like paranodopathies. BTZ served 
as third therapy in patients that did not respond 
to CYP and RTX. The combination of up to all 
three treatments enhanced the overall response 
rate to 85%, which we consider very good. The 
high response rate compared with some other 
cohorts is due to the fact that, with the INCAT-
ODSS, we used a specific disability score for 
immune mediated polyneuropathies.29,33 In addi-
tion, stabilization of the disease after previous 
deterioration was already defined as response in 
our analysis. No drug appeared superior in the 
overall response. This supports the thesis that 
CYP, RTX, and BTZ address different patho-
physiological means of generating independent 
respond rates.1

We should point out that the therapeutic response 
to RTX in MADSAM was excellent. Previous 
studies have shown that MADSAM is difficult to 
treat. In most studies, the therapeutic response 
rate is below that of typica CIDP.21,34 Doneddu 
et  al. showed a low overall treatment response 
rate in MADSAM patients (67%).21
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Cocito et al. also described a significantly lower 
response rate to therapies in patients with 
MGUS.29 PDN showed the worst overall response 
rate in our cohort. The response to CYP was 
good, but a strong limitation is the small number 
of PDN in our cohort. Other studies showed a 
good therapeutic response of MGUS patients 
after treatment with RTX.15,16

Ten patients were positive for any kind of autoan-
tibodies (anti-MAG, anti-ganglioside, NF155, 
Contactin1) and had excellent response to RTX, 
although these have distinct disease entities and 
pathophysiology. This good response to RTX is 
in accordance with the literature.6,8,35–40 
Therefore, RTX should be considered for patients 
with autoantibody related disease.

Typical CIDP was very well treatable, with an 
overall response of 90%. However, the response 
rate of the single drugs was low. Therapy of these 
patients still means trial and error. Further 
research into biomarkers and clinical patterns is 
urgently necessary in order to better understand 
the underlying pathophysiology of this group.

Importantly, our results do not imply that RTX 
or CYP are the best drugs for all refractory CIN 
patients, but only for certain groups.

We use lower dosage of CYP for treatment of CIN 
than the dose used for oncological diseases. This 
results in fewer side effects. However, combining 
the three drugs (CYP, RTX, and BTZ) has some 
potential risks, as side-effects and long-term 
effects in CIDP are still unknown. Detailed expla-
nation of these aspects, informed consent of 
patients, and experience of the treating physicians 
are mandatory. The optimal time point of adding 
the next treatment is still unknown. In our experi-
ence, addition of BTZ to RTX could be per-
formed quite safely after a few weeks, while we 
would prefer a longer interval of at least 3–6 months 
when adding RTX to CYP or vice versa, as treat-
ment-failure of one drug needs at least some 
months of follow up to be determined.

Our study has some limitations. Firstly, the data 
were retrospective and obtained from a single 
center without a matched control group. 
Recommendations for combining CYP, RTX, 
and BTZ need confirmation in further, ideally 
randomized and controlled, studies to reach 

satisfactory evidence. Second, the group size was 
small for some subgroup analyses and the follow-
up time was different in some comparisons. 
Moreover, only INCAT-ODSS was available for 
longitudinal assessment of clinical disability. We 
consider longitudinal use of INCAT-ODSS a 
good tool to detect treatment-refractory patients. 
A change of one point in INCAT-ODSS reflects 
relevant change of disability and an adjusted 
form, the “INCAT disability score”, was used as 
primary outcome measure in the large rand-
omized ICE-study.41 Therefore, INCAT-ODSS 
can be considered as one standard tool to define 
treatment response. A limitation of INCAT-
ODSS is that it does not detect minor clinical 
changes. The Rasch-built overall disability scale 
(R-ODS) is more suitable for this and is espe-
cially useful to detect activity and social partici-
pation impairment.42 A change of R-ODS of ⩾4 
points was used to define treatment refractory 
patients in the PATH study.43 Grip strength is 
another good tool to detect improvement or 
worsening of motor functions in CIDP under 
therapy.44 Longitudinal data on grip strength and 
R-ODS were not available in our cohort. 
Moreover, the change from 0 to 1 point in the 
arm score in INCAT-ODSS is not considered as 
a relevant change in disability for treatment deci-
sions according to the regulatory agencies of the 
ICE-study.41 It might be preferable to adopt 
these for our analysis but unfortunately only 
INCAT-ODSS sum score, and no data on sepa-
rate arm and leg scores, were available in our 
cohort. Moreover, not all patients were tested for 
(para)nodal antibodies, as this manuscript 
includes data from 2005.

Nevertheless, the results from this study are valu-
able because they provide a foundation for future 
prospective treatment studies.

The main message of this study is that therapy 
with CYP, RTX, and BTZ is effective in a sub-
stantial proportion of refractory CIN patients. 
Early application improves long-term outcomes. 
MADSAM and autoantibody mediated neuropa-
thies respond especially well to RTX. BTZ should 
be considered as a therapy option in CIN refrac-
tory to RTX. Severe side effects are rare if treat-
ments are applied in the stated dosage. Our results 
suggest that therapy protocols need a strong 
pathophysiological driven algorithm in the con-
text of personalized medicine. A treatment 
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algorithm based on the findings of this study is 
proposed in Figure 5.
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Figure 5. Recommendation on therapeutic approaches in CIN. Note that the suggested algorithm is of 
evidence level III according to US Preventive Services Task Force. Due to the low number of patients in 
some subgroups, not only our own data from this manuscript but also recommendations from the literature 
are presented. Most important references are given in the figure. First, correct diagnosis according to the 
current diagnostic criteria needs to be made. As initial therapy, first-line therapy with STE, IVIG, or PE is 
recommended. If patients are refractory to these, early use of RTX is recommended in patients with MADSAM, 
(Para-) nodopathies, IgM MGUS, anti-MAG. In contrast, use of CYP prior to RTX is recommended in typical 
CIDP, patients with IgG or IgA MGUS, as well as atypical CIDP other than MADSAM and (Para-) nodopathies. In 
these, if course is rather mildly refractory, alternative immunosuppression, i.e., with AZA, MMF, or CsA is our 
recommendation. If RTX fails, BTZ should be considered. In rapid, severe refractory diseases, BTZ should be 
considered as add-on treatment after the first cycle of RTX.
aCIDP, atypical chronic inflammatory demyelination polyneuropathy; AZA, azathioprine; BTZ, Bortezomib; CIN, chronic 
immune-mediated sensorimotor neuropathies; CsA, cyclosporine A; CYP, Cyclophosphamide; IVIG, intravenous 
Immunoglobulins; MADSAM, Lewis-Sumner syndrome/multifocal acquired demyelinating sensory and motor; MAG, myelin-
associated glycoprotein antibodies; MGUS, monoclonal gammopathy of undetermined significance; MMF, mycophenolate 
mofetil; PDN, paraproteinemic demyelinating neuropathy; PE, plasma exchange; RTX, Rituximab; STE, steroids; tCIDP, 
typical chronic inflammatory demyelination polyneuropathy; US, United States.
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