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Introduction

The survival of patients with multiple myeloma has dramatically
increased over the last 10 years as a result of novel schemes
that include bortezomib, lenalidomide and thalidomide as front-
line treatments [1]. Bortezomib, a proteasome inhibitor, is widely
used in clinical practice and it is now considered a backbone
treatment for both newly diagnosed and relapsing patients [1].

Peripheral neuropathy is a common side effect of bortezo-
mib treatment, estimated to occur in more than 30% of
patients [2]. The peripheral neuropathy associated with borte-
zomib treatment usually consists of a sensory axonopathy char-
acterized by numbness, tingling, and severe neuropathic pain
in a stocking and glove distribution, reflecting drug toxicity
over small unmyelinated nerve fibers [2]. However, although
rarely, immune-mediated neuropathies affecting large proximal
myelinated fibers, resulting in prominent motor symptoms,
have also been reported during bortezomib treatment [3]. The
description of such cases is to date limited to individual case
reports or small series, hampering to grasp the relevance of
this phenomenon and its clinical and paraclinical characteristics.

In this study, we described 13 patients who developed
demyelinating polyradiculoneuritis while receiving bortezo-
mib treatment and performed a review of the literature on
this topic. The aim of this report was to raise the attention
of hematologists on this rare but severe form of neuropathy
that seems to respond favorably to immune therapies.

Methods

We performed a retrospective research in the institutional
databases of three Neurology departments (AP-HP GH
Piti�e-Sapetri�ere, Paris, France; Hôpital d’Instruction des

Arm�ees Percy, Clamart, France; Mondino Foundation, Pavia,
Italy) for patients with history of multiple myeloma admitted
because of symptoms of peripheral neuropathy between the
1st January 2007 and the 31st December 2018. The clinical
records of patients identified through this research were
reviewed for clinical, electrophysiological, and biological
data. After the revision of medical records, only patients who
were receiving bortezomib treatment and met Brighton crite-
ria for the diagnosis of Guillain-Barr�e syndrome (level 1 and
2 of diagnostic certainty) [4] were retained in the study. The
assessments performed to exclude alternative diagnoses [4]
included immunophenotyping of cerebrospinal fluid (CSF)
cells, contrast spinal MRI, testing for HIV, hepatitis C and B,
syphilis, systemic autoimmunity, and onconeural, anti-
ganglioside, and anti-MAG antibodies. The Overall
Neuropathy Limitations Scale (ONLS) was used to assess
patient’s functional status [5]. The Medical Research Council
(MRC) score was used to measure muscle strength [6].
Electrophysiological patterns were defined as demyelinating
or axonal using the criteria identified by Hadden and col-
leagues [7]. Albumino-cytologic dissociation was defined by
an elevation of CSF protein levels (>45mg/dL) in absence
of pleocytosis (<5 cells/mm3) [8]. The approval of the
Institutional Ethics Committee was obtained for Italian
patients. Neither informed consent nor approval of an ethics
committee was necessary for French patients according to
national law regarding anonymous analysis of patients’ med-
ical files (L.1121-1 paragraph 1 and R1121-2, Public
Health Code).

Literature review was conducted using the Medline and
Embase databases for papers published in English and
French up to January 2019. The keyword research was per-
formed using combinations of the following terms: “multiple
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47-83, Boulevard de l’Hopital, 75013, Paris, France�Equal contribution to the manuscript.

Supplemental data for this article can be accessed here.

� 2020 Acta Oncologica Foundation

ACTA ONCOLOGICA
2020, VOL. 59, NO. 4, 484–489
https://doi.org/10.1080/0284186X.2020.1723163

http://crossmark.crossref.org/dialog/?doi=10.1080/0284186X.2020.1723163&domain=pdf&date_stamp=2020-03-04
http://orcid.org/0000-0001-8798-9058
https://doi.org/10.1080/0284186X.2020.1723163
https://doi.org/10.1080/0284186X.2020.1723163
http://www.tandfonline.com


Ta
bl
e
1.

Cl
in
ic
al

an
d
pa
ra
cl
in
ic
al

fe
at
ur
es
,t
re
at
m
en
t
an
d
ou

tc
om

e
in

th
e
13

pa
tie
nt
s
in
cl
ud

ed
in

th
e
pr
es
en
t
se
rie
s.

Pt
Ag

e/
G
en
de
r

M
M

ty
pe

Pr
ev
io
us

CH
T

O
ng

oi
ng

tr
ea
tm

en
t

sc
he
m
e

(n
�
of

cy
cl
es

re
ce
iv
ed
)

N
eu
ro
lo
gi
ca
lp

re
se
nt
at
io
n

O
N
LS

at
na
di
r

CS
F
an
al
ys
is

N
er
ve

co
nd

uc
tio

n
st
ud

ie
s

Im
m
un

ot
he
ra
py

FU
du

ra
tio

n
(m

on
th
s)

N
eu
ro
lo
gi
ca
l

st
at
us

at
la
st

FU
(O
N
LS
)

M
M

st
at
us

at
la
st

FU
Pr
ot
ei
ns

(m
g/
dl
)

Ce
lls
/m

m
3

1
76
/F

Ig
G
k

N
o

Bo
rt
ez
om

ib
þ
m
el
ph

al
an

þ
de
xa
m
et
ha
so
ne

(1
cy
cl
e)

Pa
in
fu
lp

ar
es
th
es
ia
an
d

nu
m
bn

es
s
in

a
st
oc
ki
ng

an
d

gl
ov
e
di
st
rib

ut
io
n;

pr
op

rio
ce
pt
iv
e
at
ax
ia
;

dy
sa
ut
on

om
ia
(p
os
tu
ra
l

hy
po

te
ns
io
n)
;s
ev
er
e
m
ot
or

de
fic
it
in

up
pe
r
an
d
lo
w
er

lim
bs

(M
RC

1–
2)

5
þ
7

17
0

<
2

Se
ns
or
y-
m
ot
or

de
m
ye
lin
at
in
g

ne
ur
op

at
hy

IV
Ig

(4
cy
cl
es
)

3
Im
pr
ov
ed

(3
þ
6)

PR

2
61
/F

Ig
G
k

N
o

Bo
rt
ez
om

ib
þ
th
al
id
om

id
e

þ
de
xa
m
et
ha
so
ne

(2
cy
cl
es
)

N
um

bn
es
s
in

a
st
oc
ki
ng

an
d

gl
ov
e
di
st
rib

ut
io
n;

m
od

er
at
e

m
ot
or

de
fic
it
in

th
e
lo
w
er

lim
bs

(M
RC

4)

3
þ
3

12
0

<
2

Se
ns
or
y-
m
ot
or

ax
on

al
ne
ur
op

at
hy

IV
Ig

(6
cy
cl
es
)

9
Im
pr
ov
ed

(2
þ
2)

PR

3
71
/M

Ig
G
k

N
o

Bo
rt
ez
om

ib
þ
th
al
id
om

id
e

þ
de
xa
m
et
ha
so
ne

(4
cy
cl
es
)

Pa
re
st
he
si
a
an
d
nu

m
bn

es
s
in

a
st
oc
ki
ng

an
d
gl
ov
e

di
st
rib

ut
io
n;

se
ve
re

m
ot
or

de
fic
it
in

th
e
lo
w
er

lim
bs

(M
RC

1–
2)

3
þ
3

47
2

Se
ns
or
y-
m
ot
or

de
m
ye
lin
at
in
g

ne
ur
op

at
hy

IV
Ig

(1
cy
cl
e)

6
Im
pr
ov
ed

(N
A)

N
A

4
63
/M

Ig
A
k

Ye
s

Bo
rt
ez
om

ib
þ
th
al
id
om

id
e

þ
de
xa
m
et
ha
so
ne

(2
cy
cl
es
)

Pa
re
st
he
si
a
an
d
nu

m
bn

es
s
in

a
st
oc
ki
ng

an
d
gl
ov
e

di
st
rib

ut
io
n;

se
ve
re

m
ot
or

de
fic
it
in

up
pe
r
an
d
lo
w
er

lim
bs

(M
RC

1–
2)

2
þ
2

11
8

2
Se
ns
or
y-
m
ot
or

de
m
ye
lin
at
in
g

ne
ur
op

at
hy

IV
Ig

(1
cy
cl
e)

11
Im
pr
ov
ed

(0
þ
1)

N
A

5
62
/F

Ig
G
k

N
o

Bo
rt
ez
om

ib
þ
th
al
id
om

id
e

þ
de
xa
m
et
ha
so
ne

(2
cy
cl
es
)

Pa
in
fu
lp

ar
es
th
es
ia
w
ith

st
oc
ki
ng

di
st
rib

ut
io
n;

dy
sa
ut
on

om
ia

(p
os
tu
ra
lh

yp
ot
en
si
on

);
m
od

er
at
e
m
ot
or

de
fic
it
in

th
e

lo
w
er

lim
bs

(M
RC

3–
4)

3
þ
7

19
2

3
Se
ns
or
y

ax
on

al
ne
ur
op

at
hy

IV
Ig

(1
cy
cl
e)

7
Im
pr
ov
ed

(2
þ
2)

N
A

6
65
/M

Ig
A
k

N
o

Bo
rt
ez
om

ib
þ
le
na
lid
om

id
e

þ
de
xa
m
et
ha
so
ne

(3
cy
cl
es
)

Pa
in
fu
lp

ar
es
th
es
ia
in

a
st
oc
ki
ng

an
d
gl
ov
e
di
st
rib

ut
io
n;

m
od

er
at
e
m
ot
or

de
fic
it
in

th
e

lo
w
er

lim
bs

(M
RC

3–
4)

3
þ
2

10
0

<
2

Se
ns
or
y-
m
ot
or

de
m
ye
lin
at
in
g

ne
ur
op

at
hy

IV
Ig

(9
cy
cl
es
)

21
Im
pr
ov
ed

(0
þ
2)

N
A

7
79
/M

Ig
G
k

Ye
s

Bo
rt
ez
om

ib
þ
m
ep
ha
la
n

þ
de
xa
m
et
ha
so
ne

(3
cy
cl
es
)

Se
ve
re

pr
op

rio
ce
pt
iv
e
at
ax
ia
,

pa
in
fu
lp

ar
es
th
es
ia
in

a
st
oc
ki
ng

an
d
gl
ov
e

di
st
rib

ut
io
n;

dy
sa
ut
on

om
ia

(p
os
tu
ra
lh

yp
ot
en
si
on

);
se
ve
re

m
ot
or

de
fic
it
in

th
e
lo
w
er

lim
bs

(M
RC

1–
2)

3
þ
3

43
3

Se
ns
or
y-
m
ot
or

de
m
ye
lin
at
in
g

ne
ur
op

at
hy

IV
Ig

(3
cy
cl
es
)

fo
llo
w
ed

by
PE

(1
3
se
ss
io
ns
)

16
Im
pr
ov
ed

(0
þ
3)

PR

8
64
/M

N
A

N
o

Bo
rt
ez
om

ib
þ
m
ep
ha
la
n

þ
th
al
id
om

id
e

(3
cy
cl
es
)

Pa
re
st
he
si
a
in

a
st
oc
ki
ng

an
d

gl
ov
e
di
st
rib

ut
io
n;

dy
sa
ut
on

om
ia
(p
os
tu
ra
l

hy
po

te
ns
io
n)
;m

od
er
at
e
m
ot
or

de
fic
it
in

th
e
lo
w
er

lim
bs

(M
RC

4)

N
A

N
A

N
A

Se
ns
or
y-
m
ot
or

de
m
ye
lin
at
in
g

ne
ur
op

at
hy

IV
Ig

(1
cy
cl
e)

0.
5

Im
pr
ov
ed

(N
A)

N
A

9
69
/F

Ig
A
k

Ye
s

Bo
rt
ez
om

ib
þ
le
na
lid
om

id
e

þ
de
xa
m
et
ha
so
ne

(3
cy
cl
es
)

Pa
in
fu
lp

ar
es
th
es
ia
in

a
st
oc
ki
ng

an
d
gl
ov
e
di
st
rib

ut
io
n;

dy
sa
ut
on

om
ia
(p
os
tu
ra
l

hy
po

te
ns
io
n)
;m

od
er
at
e
m
ot
or

de
fic
it
in

th
e
lo
w
er

lim
bs

(M
RC

4)

4
þ
3

12
0

<
2

Se
ns
or
y-
m
ot
or

ax
on

al
ne
ur
op

at
hy

IV
Ig

(2
cy
cl
es
)

3
Im
pr
ov
ed

(N
A)

N
A

(c
on
tin
ue
d)

ACTA ONCOLOGICA 485



myeloma”, “bortezomib”, “Guillain-Barr�e syndrome”, “acute
polyradiculoneuritis”, “demyelinating neuropathy”, and
“motor symptoms”. Among published cases, we included in
this paper only patients who met study criteria (i.e., history
of multiple myeloma, ongoing bortezomib treatment and
level 1 or 2 of diagnostic certainty for the definition of
Guillain-Barr�e syndrome according to Brighton criteria [4]).

Results

Present series

Table 1 reports previous medical history, clinical/paraclinical
features at the time of polyradiculoneuritis, treatment and
outcome in the 13 patients identified through our research.
The median age at the time of polyradiculoneuritis was
69 years-old (range 59–79). Three patients (3/13, 23%) had
previously received bortezomib (n¼ 2) or other potentially
neurotoxic compound including melphalan (n¼ 2), thalido-
mide or lenalidomide (n¼ 3). However, none of them had
previously reported symptoms of peripheral neuropathy or
had concomitant conditions that might predispose to the
development of peripheral neuropathy (e.g., diabetes, alcohol
abuse).

Bortezomib had been administered by either subcutane-
ous (9 cases) or intravenous (1 case) route, as part of associ-
ation regimens that included dexamethasone (12 cases),
thalidomide (6 cases), melphalan (5 cases), and/or lenalido-
mide (2 cases). Neurological symptoms appeared after a
median of 3 cycles of bortezomib (range: 1–4). The median
delay between last bortezomib administration and symptom
onset was 6 days (range: 1–10).

Neurological presentation was characterized by numbness
and painful paraesthesia in a stocking and glove distribution
accompanied by progressive bilateral motor deficits which
predominated in distal muscles (median MRC: 2.5) and in the
lower limbs. Deep tendon reflexes were absent in all affected
districts. Symptoms of dysautonomia were present in five
patients (5/13, 38%) and primarily consisted of postural
hypotension. The median ONLS at symptom nadir was 6
(range: 4–12), reflecting a moderate to severe impairment in
daily life activities. Three patients (3/12, 25%) were bedrid-
den, 7 patients (7/12, 58%) needed support for walking, and
2 patients (2/12, 17%) could walk independently although
gait looked abnormal.

On nerve conduction studies, eight patients had a demye-
linating pattern (8/13, 62%), while the remaining five had
prominent axonal findings (5/13, 38%). CSF analysis showed
albumino-cytologic dissociation in 9 patients (9/12, 75%).

All patients discontinued bortezomib treatment except for
one who had dose reduction (pt n�10). Eleven patients (11/
13, 85%) received immunotherapies, which consisted of intra-
venous immunoglobulin (IVIg) (2 g/kg every 4weeks) in ten
cases and of high-dose corticosteroids in one. The median
number of IVIg cycles per patient was 1.5 (range: 1–9). All
patients improved under first-line immunotherapy except for
one (patient n� 7) who switched from IVIg to plasma
exchange because of unsatisfactory clinical response.Ta

bl
e
1.

Co
nt
in
ue
d.

Pt
Ag

e/
G
en
de
r

M
M

ty
pe

Pr
ev
io
us

CH
T

O
ng

oi
ng

tr
ea
tm

en
t

sc
he
m
e

(n
�
of

cy
cl
es

re
ce
iv
ed
)

N
eu
ro
lo
gi
ca
lp

re
se
nt
at
io
n

O
N
LS

at
na
di
r

CS
F
an
al
ys
is

N
er
ve

co
nd

uc
tio

n
st
ud

ie
s

Im
m
un

ot
he
ra
py

FU
du

ra
tio

n
(m

on
th
s)

N
eu
ro
lo
gi
ca
l

st
at
us

at
la
st

FU
(O
N
LS
)

M
M

st
at
us

at
la
st

FU
Pr
ot
ei
ns

(m
g/
dl
)

Ce
lls
/m

m
3

10
70
/F

Ig
G
k

N
o

Bo
rt
ez
om

ib
þ
de
xa
m
et
ha
so
ne

(2
cy
cl
es
)

N
um

bn
es
s
an
d
tin

gl
in
g
w
ith

st
oc
ki
ng

di
st
rib

ut
io
n;

se
ve
re

m
ot
or

de
fic
it
in

th
e
lo
w
er

lim
bs

(M
RC

2–
3)

0
þ
5

23
<
2

Se
ns
or
y-
m
ot
or

de
m
ye
lin
at
in
g

ne
ur
op

at
hy

N
o

0.
5

D
ea
th

du
e
to

se
pt
ic
sh
oc
k

11
59
/M

Ig
G
k

N
o

Bo
rt
ez
om

ib
þ
th
al
id
om

id
e

þ
de
xa
m
et
ha
so
ne

(3
cy
cl
es
)

Pa
in
fu
lp

ar
es
th
es
ia
in

a
st
oc
ki
ng

an
d
gl
ov
e
di
st
rib

ut
io
n;

di
st
al

m
ot
or

de
fic
it
in

up
pe
r
(M

RC
4)

an
d
lo
w
er

(M
RC

2)
lim

bs

2
þ
4

38
<
2

Se
ns
or
y-
m
ot
or

ax
on

al
ne
ur
op

at
hy

H
ig
h
do

se
st
er
oi
ds

(1
cy
cl
e)

7
Im
pr
ov
ed

(1
þ
2)

PR

12
77
/F

Ig
G
k

N
o

Bo
rt
ez
om

ib
þ
m
el
ph

al
an

þ
de
xa
m
et
ha
so
ne

(4
cy
cl
es
)

N
um

bn
es
s
an
d
tin

gl
in
g
w
ith

st
oc
ki
ng

di
st
rib

ut
io
n;

m
od

er
at
e

m
ot
or

de
fic
it
in

th
e
lo
w
er

lim
bs

(M
RC

3–
4)

0
þ
4

49
<
2

Se
ns
or
y-
m
ot
or

ax
on

al
ne
ur
op

at
hy

N
o

9
Im
pr
ov
ed

(0
þ
2)

VG
PR

13
72
/M

N
A

N
o

Bo
rt
ez
om

ib
þ
m
el
ph

al
an

þ
de
xa
m
et
ha
so
ne

(3
cy
cl
es
)

N
um

bn
es
s
an
d
tin

gl
in
g
in

a
st
oc
ki
ng

an
d
gl
ov
e

di
st
rib

ut
io
n;

se
ve
re

m
ot
or

de
fic
it
in

th
e
lo
w
er

lim
bs

(M
RC

2–
3)

2
þ
4

10
2

<
2

Se
ns
or
y-
m
ot
or

de
m
ye
lin
at
in
g

ne
ur
op

at
hy

IV
Ig

(1
cy
cl
e)

1
Im
pr
ov
ed

(0
þ
2)

N
A

CH
T:

ch
em

ot
he
ra
py
;
CS
F:

ce
re
br
os
pi
na
l
flu
id
;
F:

fe
m
al
e;

FU
:
fo
llo
w
-u
p;

M
:
m
al
e;

IV
Ig
:
in
tr
av
en
ou

s
im
m
un

og
lo
bu

lin
;
M
M
:
m
ul
tip

le
m
ye
lo
m
a;

M
RC

:
M
ed
ic
al

Re
se
ar
ch

Co
un

ci
l;
N
A:

no
t
av
ai
la
bl
e;

O
N
LS
:
O
ve
ra
ll
N
eu
ro
pa
th
y

Li
m
ita
tio

n
Sc
al
e;
PE
:p

la
sm

a
ex
ch
an
ge
;P

R:
pa
rt
ia
lr
es
po

ns
e;
VG

PR
:v
er
y
go

od
pa
rt
ia
lr
es
po

ns
e.

486 S. GENDREAU ET AL.



Ta
bl
e
2.

Cl
in
ic
al

an
d
pa
ra
cl
in
ic
al

fe
at
ur
es
,t
re
at
m
en
t
an
d
ou

tc
om

e
in

th
e
9
pa
tie
nt
s
re
po

rt
ed

in
lit
er
at
ur
e.

Au
th
or
s

Ag
e/

G
en
de
r

Pr
ev
io
us

CH
T

O
ng

oi
ng

tr
ea
tm

en
t

sc
he
m
e

(n
�
of

cy
cl
es

re
ce
iv
ed
)

N
eu
ro
lo
gi
ca
lp

re
se
nt
at
io
n

CS
F
an
al
ys
is

N
er
ve

co
nd

uc
tio

n
st
ud

ie
s

Im
m
un

ot
he
ra
py

FU
du

ra
tio

n
(m

on
th
s)

N
eu
ro
lo
gi
ca
l

st
at
us

at
la
st

FU
(r
es
id
ua
ld

ef
ic
its
)

M
M

st
at
us

at
la
st

FU
Pr
ot
ei
ns

(m
g/
dl
)

Ce
lls
/

m
m

3

Ra
va
gl
ia

et
al
.,

(2
00
8)
[3
]

74
/M

N
o

Bo
rt
ez
om

ib
(3

cy
cl
es
)

þ
D
ex
am

et
ha
so
ne

nu
m
bn

es
s
an
d

ne
ur
op

at
hi
c
pa
in

w
ith

st
oc
ki
ng

di
st
rib

ut
io
n;

up
pe
r
an
d
lo
w
er

lim
b

pr
ox
im
al

an
d
di
st
al

m
ot
or

de
fic
it

80
<
2

se
ns
or
y-
m
ot
or

ne
ur
op

at
hy

w
ith

m
ix
ed

ax
on

al
an
d

de
m
ye
lin
at
in
g
fe
at
ur
es
;

pr
ol
on

ge
d
F
w
av
es

Pr
ed
ni
so
ne

1
m
g/
kg
/d
ay

N
A

Im
pr
ov
ed

N
A

67
/M

Ye
s

Bo
rt
ez
om

ib
(4

cy
cl
es
)

þ
th
al
id
om

id
e

þ
D
ex
am

et
ha
so
ne

pa
in
fu
lp

ar
es
th
es
ia
s
in

lo
w
er

lim
bs
;m

ild
se
ns
or
y
ga
it
at
ax
ia
;

m
ild

di
st
al
w
ea
kn
es
s

74
<
2

se
ns
or
y-
m
ot
or

ne
ur
op

at
hy

w
ith

m
ix
ed

ax
on

al
an
d

de
m
ye
lin
at
in
g
fe
at
ur
es
;

F
w
av
es

no
t
ev
oc
ab
le

N
o

10
M
in
or

im
pr
ov
em

en
t

D
ea
th

67
/M

Ye
s

Bo
rt
ez
om

ib
(2

cy
cl
es
)

þ
D
ex
am

et
ha
so
ne

se
ns
or
y
ga
it
at
ax
ia
,u

pp
er

an
d
lo
w
er

lim
bs

pr
ox
im
al

m
ot
or

de
fic
it,

dy
sa
ut
on

om
ia

11
1

<
2

se
ns
or
y-
m
ot
or

ne
ur
op

at
hy

w
ith

m
ix
ed

ax
on

al
an
d

de
m
ye
lin
at
in
g
fe
at
ur
es

IV
Ig

0.
4
g/
kg
/d
ay

fo
r
5
da
ys

2
Im
pr
ov
ed
,w

al
ks

in
de
pe
nd

en
tly

(m
ild

se
ns
or
y
sy
m
pt
om

s)

VG
PR

59
/F

N
o

Bo
rt
ez
om

ib
(2

cy
cl
es
)

þ
D
ex
am

et
ha
so
ne

pa
in
fu
lp

ar
es
th
es
ia
s
in

lo
w
er

lim
bs
,u

pp
er

lim
b
m
ot
or

de
fic
it,

fla
cc
id

pa
ra
pa
re
si
s,

ur
in
ar
y
re
te
nt
io
n,

ile
us

89
<
2

se
ns
or
y-
m
ot
or

ax
on

al
ne
ur
op

at
hy
;F

w
av
es

no
t
ev
oc
ab
le

IV
Ig

0.
4
g/
kg
/d
ay

fo
r
5
da
ys

Pr
ed
ni
so
ne

75
m
g/
da
y

4
Im
pr
ov
ed
,w

al
ks

w
ith

su
pp

or
t
(m

ild
se
ns
or
y
sy
m
pt
om

s)

D
ea
th

Sa
ife
e

et
al
.,

(2
01
0)
[9
]

60
/M

Ye
s

Bo
rt
ez
om

ib
(3

cy
cl
es
)

þ
D
ex
am

et
ha
so
ne

pa
in
,n

um
bn

es
s
an
d

tin
gl
in
g
in

a
st
oc
ki
ng

an
d
gl
ov
e
di
st
rib

ut
io
n,

m
ot
or

de
fic
its

in
th
e

up
pe
r
an
d
lo
w
er

lim
bs

80
<
1

se
ns
or
y-
m
ot
or
,

pr
ed
om

in
an
tly

ax
on

al
,

pe
rip

he
ra
ln

eu
ro
pa
th
y

N
o

21
Im
pr
ov
ed
,w

al
ks

in
de
pe
nd

en
tly

PR

Sa
na
da

et
al
.,

(2
01
0)
[1
0]

59
/M

Ye
s

Bo
rt
ez
om

ib
(3

cy
cl
es
)

nu
m
bn

es
s
an
d
pa
in

in
up

pe
r
an
d
lo
w
er

lim
bs
;

di
st
al

m
ot
or

de
fic
it;

dy
sa
ut
on

om
ia

(p
os
tu
ra
l

hy
po

te
ns
io
n,

ur
in
ar
y
re
te
nt
io
n)

N
A

N
A

se
ve
re

se
ns
or
im
ot
or

po
ly
ne
ur
op

at
hy

N
o

6
Im
pr
ov
ed
,w

al
ks

w
ith

su
pp

or
t

VG
PR

M
au
er
m
an
n

et
al
.,

(2
01
2)
[1
2]

54
/M

Ye
s

Bo
rt
ez
om

ib
(1

cy
cl
e)

pa
in
fu
lp

ar
es
th
es
ia
s,

nu
m
bn

es
s
an
d
tin

gl
in
g

in
a
st
oc
ki
ng

an
d
gl
ov
e

di
st
rib

ut
io
n;

di
st
al

m
ot
or

de
fic
it
in

up
pe
r

an
d
lo
w
er

lim
bs
;

dy
sa
ut
on

om
ia

10
9

3
m
ul
tip

le
pr
ox
im
al

co
nd

uc
tio

n
bl
oc
ks
;

pr
es
er
ve
d
co
nd

uc
tio

n
ve
lo
ci
tie
s
an
d
di
st
al

la
te
nc
ie
s;
ab
se
nt

F-
w
av
es

O
ra
lp

re
dn

is
on

e
20

m
g/
da
y

IV
Ig

0.
4
g/
kg
/d
ay

fo
r
5
da
ys

IV
M
et
hy
lp
re
dn

is
ol
on

e
50
0
m
g
tw
ic
e
a
w
ee
k

O
ra
lc
yc
lo
ph

os
ph

am
id
e

10
0
m
g/
da
y
th
en

IV
2,
00
0
m
g
ev
er
y
3
w
ee
ks

(5
cy
cl
es
)

9
Im
pr
ov
ed
,w

al
ks

in
de
pe
nd

en
tly

(m
ild

se
ns
or
y
di
st
ur
ba
nc
es
)

PR

Je
te
r et
al
.,

(2
01
2)

[1
3]

65
/M

N
o

Bo
rt
ez
om

ib
(3

cy
cl
es
)

þ
le
na
lid
om

id
e

se
ve
re

pa
in
,m

ild
pa
re
st
he
si
a,
an
d

hy
po

pa
lle
st
es
ia

in
th
e

lo
w
er

lim
bs
;m

od
er
at
e

to
se
ve
re

m
ot
or

de
fic
its

in
up

pe
r
an
d

lo
w
er

lim
bs

13
3

2
se
ns
or
y-
m
ot
or

ne
ur
op

at
hy

w
ith

m
ix
ed

ax
on

al
an
d

de
m
ye
lin
at
in
g
fe
at
ur
es

Pl
as
m
a
ex
ch
an
ge

(5
se
ss
io
ns
)

Pr
ed
ni
so
ne

40
m
g/
da
y

9
Im
pr
ov
ed
,w

al
ks

w
ith

su
pp

or
t

CR

Th
aw

an
i

et
al
.,

(2
01
5)

[1
1]

72
/M

Ye
s

Bo
rt
ez
om

ib
(5

cy
cl
es
)

nu
m
bn

es
s
an
d
tin

gl
in
g

w
ith

st
oc
ki
ng

di
st
rib

ut
io
n;

pr
ox
im
al

an
d
di
st
al

m
ot
or

de
fic
its

in
lo
w
er

lim
bs

N
A

N
A

se
ns
or
y-
m
ot
or

pr
ed
om

in
an
tly

de
m
ye
lin
at
in
g

po
ly
ne
ur
op

at
hy

N
A

N
A

N
A

N
A

CH
T:

ch
em

ot
he
ra
py
;
CR

:c
om

pl
et
e
re
sp
on

se
;
CS
F:

ce
re
br
os
pi
na
l
flu
id
;
F:

fe
m
al
e;

FU
:
fo
llo
w
-u
p;

IV
:
in
tr
av
en
ou

s;
IV
Ig
:
in
tr
av
en
ou

s
im
m
un

og
lo
bu

lin
;
M
:
m
al
e;

M
M
:
m
ul
tip

le
m
ye
lo
m
a;

N
A:

no
t
av
ai
la
bl
e;

PR
:
pa
rt
ia
l
re
sp
on

se
;

VG
PR
:v
er
y
go

od
pa
rt
ia
lr
es
po

ns
e.

ACTA ONCOLOGICA 487



At last follow-up, a median of 7months (range: 0.5–21)
after diagnosis, all surviving patients had improved com-
pared to the peak of disease severity, though most of them
were left with mild to moderate neurological sequelae,
reflected by a median ONLS score of 3 (range: 1–9). One
patient (1/11, 9%) was left bedridden, one patient (1/11, 9%)
needed support for walking, while the remaining nine
patients (9/11, 82%) were able to walk independently.

Eight patients eventually received other treatments for
their multiple myeloma, including second-line agents (5
patients) and autologous stem cell transplantation (6
patients). Information on myeloma status at last follow-up
was available for only 5 of the 12 surviving patients: one
patient achieved a very-good partial response and the
remaining four a partial response.

Literature review

Table 2 reports previous medical history, clinical/paraclinical
features at the time of polyradiculoneuritis, treatment and
outcome in the 9 patients from literature who met inclusion
criteria [3,9–13]. The median age at the time of acute polyra-
diculoneuritis was 65 years-old (range: 54–74). Six patients (6/
9, 67%) had previously received other chemotherapeutic
agents including vincristine (n¼ 3), adriblastin (n¼ 3), mel-
phalan (n¼ 3), cyclophosphamide (n¼ 3), etoposide (n¼ 2),
cisplatin (n¼ 2), idarubicin (n¼ 1), and lenalidomide/thalido-
mide (n¼ 3). Neurological symptoms appeared after a
median of 3 cycles of bortezomib (range: 1–5). Clinical pres-
entation was characterized by bilateral distal painful pares-
thesia associated with progressive moderate to severe distal
motor deficits. At the peak of disease severity, four patients
(4/6, 67%) were wheelchair bound or bedridden, one needed
support for walking (1/6, 17%), and one could walk inde-
pendently (1/6, 17%). Dysautonomic symptoms were present
in 3 patients (3/9, 33%). Nerve conduction studies more com-
monly showed mixed demyelinating and axonal features.
Albumino-cytologic dissociation was present in all seven
patients with available CSF data. All patients discontinued
bortezomib treatment. Five patients (5/8, 63%) also received
immunotherapy regimens based on corticosteroids, IVIg,
plasma exchange, cyclophosphamide, or combinations of the
latter. Despite being improved compared to the peak of dis-
ease severity, all patients were left with mild to moderate
residual deficits. These features were similar to the ones
observed in our cases (Supplementary Table 1).

Discussion

In this study, we described the clinical and electrophysio-
logical characteristics of 13 patients who developed demyeli-
nating polyradiculoneuritis while receiving bortezomib
treatment. Cases were collected among three neurology
departments over a period of 12 years, during which more
than 2000 patients were treated for multiple myeloma in
referring hematology units. A review of the literature identi-
fied 9 previously published cases with similar characteristics
[3,9–13], confirming the rarity of this entity.

The cases reported in the present study differed from the
typical small-fibre sensory neuropathy associated with bortezo-
mib treatment: neurological presentation was dominated by
severe bilateral motor deficits that prevented or impaired walk-
ing, nerve conduction studies frequently showed demyelinat-
ing features, and CSF analysis commonly disclosed albumin-
cytologic dissociation. Most patients received IVIg, by analogy
with Guillain-Barr�e syndrome [8], in the attempt to accelerate
recovery. However, despite prompt immunotherapy, most of
them experienced permanent residual deficits, highlighting the
severity of this condition. Clinical and biological indicators able
to predict the development of this severe complication are cur-
rently lacking but desperately needed for risk stratification and
patient monitoring. Low serum BDNF levels have recently been
shown to correlate with an increased risk to develop peripheral
neuropathy in patients receiving bortezomib or vincristine [14],
encouraging further research on soluble biomarkers.

The pathogenic mechanisms underlying bortezomib-
induced peripheral neuropathy are poorly understood.
Besides sphingolipid dysregulation, mitochondrial dysfunc-
tion and disrupted calcium homeostasis [2,15], bortezomib
administration has been associated with an increased pro-
duction of pro-inflammatory cytokines, including TNF-a and
IL-1b [15], which, in the proper context, might favor an
immune-mediated demyelination of peripheral nerves.

To what extent the concomitant (or previous) administra-
tion of other neurotoxic compounds might facilitate the
occurrence of this complication is difficult to assess. Although
some studies suggest that associating thalidomide to bortezo-
mib does not increase the risk of peripheral neuropathy com-
pared to bortezomib alone [16], the use of agents with less
neurotoxic potential, such as lenalidomide, should probably
be preferred while waiting for more solid evidence, as they
seem to provide similar oncologic results [17].

Hematologists should be aware that bortezomib treat-
ment can be associated with demyelinating forms of polyra-
diculoneuritis characterized by severe motor impairment.
Prompt neurological evaluation, together with CSF analysis
and an attentive research of demyelinating abnormalities on
nerve conduction studies, represent the capital elements to
ensure an accurate diagnosis and early immunotherapy
administration.
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