
Peripheral neuropathy associated with subcutaneous
or intravenous bortezomib in patients with newly
diagnosed myeloma treated within the GMMG MM5
phase III trial

Up to 20% of patients with multiple myeloma (MM)
show signs of peripheral neuropathy (PN) at primary
diagnosis.1 Treatment with neurotoxic agents such as
bortezomib or thalidomide increases rates of PN in newly
diagnosed patients by up to 50%.2 Since subcutaneous
(SC) administration reduces rates of bortezomib-induced
neuropathy (BiPN),3-5 nowadays bortezomib is mainly
given subcutaneously in clinical trials and in general prac-
tice. Only limited data are available on risk factors for
BiPN in the era of SC bortezomib. The GMMG MM5
phase III trial (Eudract n. 2010-019173-16) (Online
Supplementary Appendix) demonstrated non-inferiority of
3 cycles of VCD (bortezomib, cyclophosphamide, dex-
amethasone) compared to PAd (bortezomib, doxorubicin,
dexamethasone) induction therapy for newly diagnosed
MM.6 The route of administration for bortezomib was
changed from intravenous (IV) to SC after 314 of 604
patients were enrolled due to the improved toxicity pro-
file demonstrated in relapsed MM.3 The first comparison
between IV- and SC-treated patients (published in this
Journal in 20155) showed a reduction of adverse events
(AEs) and no impact on overall response rates (ORR).
This current subanalysis aimed to identify risk factors for
BiPN in  using  IV and SC administration routes in MM
patients and analyzed potential effects on treatment
response.
In the GMMG MM5 trial, PN was graded according to

the National Cancer Institute Common Terminology
Criteria for Adverse Events (NCI CTCAE), v.4.0. Patients
were assessed before and during every cycle on a regular
basis by a physician, and this included a physical exami-
nation. Peripheral neuropathy of grade II or over within
30 days after end of induction therapy was recorded on a
per patient basis. Patients in the PAd arm developed more
frequently PN grade I or over compared to VCD-treated
patients, regardless of whether they received SC or IV
bortezomib (Table 1). No PN grade IV was observed.
Bortezomib was discontinued by 13 patients in the PAd
arm (IV: n=11; SC: n=2) and by 7 patients in the VCD arm
(IV: n=4; SC: n=3). Causal relationship between treat-
ment with bortezomib and occurrence of PN was charac-
terized as related or probably related in 89.2% of cases in
the PAd arm (IV: 83.0%; SC: 100%) and 76.2% in the
VCD arm (IV: 72.7%; SC: 80.0%). A possible explanation

for higher PN rates in the PAd arm might be that inflam-
mation is a major contributor in the pathogenesis of
BiPN.7 Due to the different cumulative dexamethasone
doses in VCD and PAd (320 mg/cycle vs. 240 mg/cycle),
and the immunosuppressive properties of cyclophos-
phamide, patients in the VCD arm might experience less
neuro-inflammation, and ultimately less PN. The differ-
ent combination partners most likely caused the
observed effect since there was no difference in median
cumulative bortezomib doses between the PAd and VCD
arms (28.8 mg). Furthermore, a recent trial by the
Intergroupe Francophone du Myélome (IFM) combined
the immunomodulatory drug lenalidomide with borte-
zomib/dexamethasone and demonstrated lower rates of
grade II or over PN compared to already published results
from prospective trials of bortezomib/doxorubicin com-
binations before autologous stem cell transplantation
(ASCT).8-10 No grade III or grade IV PN was observed in
the IFM trial.8 This underlines the impact of combination
partners on bortezomib-induced toxicity and suggests
that immunological effects might influence occurrence of
PN.
The analysis of baseline characteristics revealed that

patients with pre-existing PN [32 of 604 (5.3%) patients]
developed more frequently grade II or over PN after
induction therapy compared to asymptomatic patients
(25.0 vs. 9.3%; P=0.01) (Table 2). This is in line with a
subanalysis from the VISTA phase III trial of IV borte-
zomib in combination with melphalan/prednisone in
newly diagnosed MM that identified pre-existing PN as
the only consistent risk factor for BiPN.2 In line with the
VISTA study, we did not observe that baseline
International Staging System (ISS) or creatinine had any
effect on the development of PN. However, we observed
a trend towards higher baseline body mass index (BMI) in
patients with grade II PN or over.2 This might reflect the
known association of obesity with neuropathy.11

To further characterize risk factors for PN, a multivari-
ate model was fitted that took into consideration the
route of administration (SC vs. IV), treatment arm (VCD
vs. PAd), and prior PN (yes vs. no). Multivariate analysis
confirmed that treatment with VCD instead of PAd was
the most important protective factor for grade II or over
PN in the GMMG MM5 trial [odds ratio (95% confidence
interval): 0.49 (0.28-0.89); P=0.017]. Patients with pre-
existing PN had the highest risk of developing grade II or
over PN [3.56 (1.42-8.21); P=0.004]. The fact that
patients with pre-existing PN developed grade II or over
PN more often than asymptomatic patients (even if treat-
ed subcutaneously) emphasizes the importance of screen-

haematologica 2016; 101:e485

LETTERS TO THE EDITOR

Table 1. Incidence of grade II or over peripheral neuropathy during and 30 days after induction therapy. 
Peripheral neuropathy

none grade II grade III

All ALL 526 90.1 45 7.7 13 2.2
(n, %) IV 269 88.5 26 8.6 9 3.0

SC 257 91.8 19 6.8 4 1.4
VCD ALL 273 92.9 20 6.8 1 0.3
(n, %) IV 143 92.9 10 6.5 1 0.6

SC 130 92.9 10 7.1 0 0
PAd ALL 253 87.2 25 8.6 12 4.2
(n, %) IV 126 84.0 16 10.7 8 5.3

SC 127 90.7 9 6.4 4 2.9

IV: intravenous; SC: subcutaneous; VCD: bortezomib, cyclophosphamide, dexamethasone; PAd: bortezomib, doxorubicin, dexamethasone; n: number.



ing for neurological symptoms before the start of therapy.
Interestingly, a recent study found that even untreated
MM patients without clinically evident PN show
decreased peripheral innervation.12 Therefore, early
detection and monitoring of PN is important since dose
modifications might prevent occurrence of severe PN and
symptoms reverse in more than 50% of patients.13 The
treatment protocol of the GMMG MM5 trial included
dose modification guidelines for BiPN based on previous-
ly published data (Online Supplementary Appendix) and
approximately 50% of patients in both arms showed
improvement of PN during follow up.5 Loss of efficacy
due to reduced cumulative doses is a major concern with
treatment modifications. A previous publication reported
that patients in the GMMG MM5 trial showed high treat-
ment adherence and median cumulative bortezomib
doses were higher in SC-treated patients from both arms
(VCD: SC 28.8 mg, IV 27.9 mg; PAd: SC 28.9 mg, IV 27.6
mg).5 Response assessment after 3 cycles of induction
therapy revealed no differences in rates of very good par-
tial remission (VGPR) or better between patients with or
without grade II or over PN. Patients experiencing grade
II or over PN tended to achieve VGPR or better more
often after induction therapy, irrespective of whether
they were treated with VCD or PAd, or whether borte-
zomib treatment was given via IV or SC administration
(Table 3). Similar results were obtained in the VISTA
trial.2 The authors suggested that higher cumulative doses
of bortezomib are associated with both increased quality
of response and occurrence of PN.2 These and our results
do not allow us to draw any conclusions as to whether
higher susceptibility for PN is associated with increased
treatment response.
Multivariate analysis revealed also that patients treated

with SC bortezomib had lower risk for grade II or over
PN without reaching statistical significance [0.70 
(0.40-1.22); P=0.212]. The first interim analysis from the
GMMG MM5 trial showed that rates of BiPN were
reduced in a dose-dependent fashion since significant dif-
ferences between SC- and IV-treated patients occurred
only in the last cycle of induction therapy.5 Furthermore,
our current analysis showed no difference in PN rates
between SC- and IV-treated patients in the VCD arm.
This is in contrast to the results from Moreau et al. in

relapsed MM.3 However, the comparison between both
trials is compromised by the fact that  we analyzed treat-
ment-naïve, newly diagnosed patients and who received
only 3 cycles of a bortezomib-based induction therapy. In
the study by Moreau et al., patients might have been
already exposed to neurotoxic agents in previous treat-
ment lines and received up to 8 cycles of bortezomib
with or without dexamethasone. Furthermore, in con-
trast to the trial by Moreau et al., we used the up-dated
CTCAE catalog version 4.0 instead of version 3.0, which
might have caused stage migration effects, especially
between grades II and III PN. 
One criticism of both trials is the dosing schedule of

twice-weekly bortezomib, since AEs can be reduced by
once weekly application of bortezomib without loss of
efficacy.14 In addition, a recent retrospective analysis by
the Czech Myeloma Group did not show any difference
in PN rates between SC- and IV-treated patients.15 The
majority of patients were treated with weekly instead of
twice-weekly bortezomib in the respective study,15which
underlines the fact that not only route of administration
but also dose intensity influences development of PN.
Although the route of administration might be less
important for the occurrence of BiPN in newly diagnosed
patients receiving short-term treatment, we still recom-
mend SC administration, since other non-PN AEs occur
less frequently.5

Taken together, we confirm that, even in the era of SC
bortezomib, pre-existing PN is the most important risk
factor for BiPN. Therefore, physicians need to be aware
of PN symptoms and dose modification guidelines.
Occurrence of PN during therapy has no negative impact
on treatment response.
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Table 2. Differences in baseline characteristics between patients with or without grade II or over peripheral neuropathy.
≥ Grade II peripheral neuropathy

no yes P
All
(n, %) 537 89.8 61 10.2
ISS I 198 86.5 31 13.5 0.12
(n, %) II 190 92.2 16 7.8

III 149 91.4 14 8.6
Hemoglobin g/dL 10.8 5.8 - 16.3 12.0 6.8 - 15.9 0.0041
(median/range)
Creatinine no 476 89.6 55 10.4 0.83
≥ 2 mg/dL
(n, %) yes 61 91.0 6 9.0
Calcium
(median/range) mmol/L 2.4 1.6 - 5.4 2.3 1.6 - 3.5 0.04
BMI
(median/range) kg/ m2 25.7 16.7 - 44.6 26.9 19.5 - 43.7 0.04
Previous PN no 519 90.7 53 9.3 0.01
(n, %) yes 24 75.0 8 25.0
n: number; ISS: International Staging System; BMI: body mass index; PN: peripheral neuropathy.
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Table 3. Differences in response to induction therapy in patients with or without grade II or over peripheral neuropathy.

None ≥ Grade II peripheral neuropathy P
All VGPR or better ALL 177 33.7                       26 44.8 0.12

(n, %) IV 103 38.3 16 45.7 0.46
SC 74 28.8 10 43.5 0.16

VCD VGPR or better ALL 95 34.8 9 42.9 0.48
(n, %) IV 58 40.6 6 54.5 0.53

SC 37 28.5 3 30.0 1.00
PAd VGPR or better ALL 82 32.4 17 45.9 0.15
(n, %) IV 45 35.7 10 41.7 0.65

SC 37 29.1 7 53.9 0.11 
VGPR: very good partial response; IV: intravenous bortezomib; SC: subcutaneous bortezomib; VCD: bortezomib, cyclophosphamide, dexamethasone; PAd: bortezomib, doxoru-
bicin, dexamethasone.




