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Abstract: Bortezomib (Velcade®) is a proteasome pathway inhibitor that has improved multiple myeloma (MM) overall 
survival. Bortezomib-induced peripheral neuropathy (BIPN) is a frequent adverse event, requiring delay, dose reduction 
or cessation of therapy. Although most of the symptoms resolve after discontinuation or dose-reduction, almost 25% 
develop chronic symptoms, affecting quality of life and limiting the therapeutic choices. 

There is limited evidence regarding the strategies to prevent bortezomib-induced polyneuropathy (BIPN). We conducted 
a review of the published data to summarize the available information regarding BIPN prevention strategies. 

Our search included literature published in the Cochrane Library databases, Medline/PubMed, SciELO, Google Scholar, 
and Trip Database in the last ten years, including observational analytic studies, experimental studies, systematic 
reviews, and metanalysis, which reported the efficacy of interventions to prevent BIPN. 

Eight studies have been included. The subcutaneous administration of bortezomib has shown a protective effect of all 
grades of BIPN (OR=0.40, 95% CI 0.27 to 0.59, p<0.001) and grade 3 to 4 (OR = 0.45, 95% CI 0.25 to 0.82, P<0.05), as 
evidenced in a metanalysis. Cumulative dose of bortezomib ≥ 30 mg/m2 is significantly associated with a higher risk of 
BIPN. 

Other therapies as Acetyl-l-carnitine (ALC), dexamethasone in partnered dosing (day of/after bortezomib), high-dose 
intravenous mecobalamin (HDIME), and the combination of docosahexaenoic acid, α -lipoic acid, vitamin C 60 mg, and 
vitamin E have been assessed but their efficacy for BIPN prevention has not been confirmed.  

We conclude that the subcutaneous route of administration of bortezomib effectively prevents BIPN while other 
strategies lack robust evidence to be recommended.  
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INTRODUCTION 

Bortezomib (Velcade®) is a dipeptidyl boronic acid 
that selectively inhibits the ubiquitin-proteasome 
pathway. The drug's antineoplastic effect relies on the 
reversible inhibition of the mammalian 26S proteasome 
subunit and the interaction with the nuclear factor 
kappa B (NFκB) system, provoking the cytoplasmic 
aggregate accumulation of non-degraded proteins and 
the consequent cell cycle arrest [1]. 

This drug has improved overall survival for multiple 
myeloma (MM) patients, and is part of standard-of-care 
protocols, both in newly diagnosed and relapsed 
disease [1, 2]. It is also used for long-term 
maintenance.  

Neurotoxicity is a common toxicity associated to 
Bortezomib. Overall incidence of all-grade BIPN has 
been reported in 8,4% to 80,5% and when developed, 
it requires dose reduction, delay or cessation of 
treatment. Multiple mechanisms are involved in 
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neurotoxicity, including the nuclear retention of 
polyadenylated RNAs, DNA damage, and tubulin 
polymerization, causing the accumulation of 
neurofilaments in the soma, axonal transport 
degeneration, mitochondrial calcium influx, generation 
of reactive oxygen species (ROS), and apoptosis 
induced by caspase activation. The indirect blockage of 
nerve-growth-factor-mediated neuronal survival by the 
inhibition of NF-κB and neurotrophins dysregulation 
has been associated with neuropathy [3] (Figure 1). 
Several clinical factors have been associated with 
higher risk of BIPN, including age, diabetes, cumulative 
dose, administration route and the use of other 
neurotoxic agents. Despite the evidence of reversibility 
after dose reduction or cessacion, it results a persistent 
adverse effect in more than 25% of patients [4].  

Considering there are no drugs approved to 
prevent, attenuate or cure BIPN, prevention is 
essential. This review focuses on the various 
approaches developed for BIPN prevention.  

METHODS 

Searches were undertaken using the Cochrane 
Library databases, Medline/PubMed, SciELO, Google 
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Scholar, and Trip Database. For MEDLINE/PubMed 
search, the combination "multiple myeloma" AND 
"bortezomib" AND "neuropathy" AND "prevention" 
applying the filters, publication date (10 years), species 
(Humans), and article type (Clinical Trials AND 
Metanalysis) was used. The same terms were used in 
other search engines such as Scielo and Google 
scholar (Supplementary data). In Trip Database, we 
used the PICO terms; P: Multiple myeloma; I: 
Bortezomib; O: Neuropathy. We limited the search to 
studies published in the last ten years, including 
observational analytic studies, experimental studies, 
systematic reviews, and metanalysis, which reported 
the efficacy of interventions to prevent BIPN. We used 
full-text available articles and abstracts in English. The 
search was conducted between September and 
October 2020. 

RESULTS 

The search retrieved eight studies describing the 
effect of Bortezomib schedule, Bortezomib route of 
administration, Acetyl-l-carnitine (ALC), High-dose 
intravenous mecobalamin (HDIME), and the 
combination of docosahexaenoic acid (DHA), α -lipoic 
acid (ALA), vitamin C, and vitamin E, in BIPN 
prevention. 

Bortezomib Schedule 

A pooled analysis of clinical trials have described 
how dexamethasone schedule impacts BIPN 

prevention. This included 1416 patients with 
dexamethasone in partnered dosing (day of/after 
bortezomib)(days 1, 2, 4, 5, 8, 9, 11 and 12), 191 
patients with dexamethasone in weekly dosing (days 1, 
8, and 15), and 1090 patients in other schedules (days 
1–4, 8–11, and similar). Peripheral neuropathy (PN) 
rates were lower in the partnered schedule (45.5%, vs. 
63.9%, vs. 47.5%, respectively). Additionally, the 
frequency of PN grade ≥3 was lower in the partnered 
schedule (5.3%, vs. 11.0%, vs. 9.6%). This benefit was 
also reported in regimens without thalidomide (4.2%, 
vs. 11.0%, vs. 8.6%). The use of partnered doses of 
dexamethasone was associated with a reduction in the 
frequency of severe BIPN compared to "other" 
schedules, (OR 1.44; 95% CI 1.03 to 2.02; p = 0.03), 
while the inclusion of thalidomide was associated with 
an increased risk of severe PN (OR 1.62; 95% CI 1.16 
to 2.26; p < 0.01). Although the studies' heterogeneity 
and the lack of data regarding baseline PN did not 
allow the authors to draw a definite conclusion, 
partnered dose of dexamethasone may be associated 
with less severe BIPN [5]. 

Bortezomib Route of Administration 

The subcutaneous administration of bortezomib was 
associated with reduced BIPN in a study including 344 
myeloma and amyloidosis patients, compared with 
other routes of administration (26.9% vs. 44.3%, p = 
0.001), maintaining similar response rates (76.6% vs. 
72.1%, p = 0.15). Multivariable analyses also 

 

Figure 1: Mechanisms of bortezomib-induced polyneuropathy; DRG, dorsal root ganglion; SN, sensitive neuron. Created with 
BioRender.com. 
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evidenced a higher PN risk (OR 2.45, 95% CI 1.26-
4.76, p = 0.008) for other bortezomib administration 
schedules compared to subcutaneous and weekly [6]. 
A similar result was evidenced in patients receiving the 
combination of Bortezomib and Thalidomide, with a 
lower frequency of PN in patients treated with 
subcutaneous bortezomib compared with intravenous 
bortezomib (all grade PN: 51.3 vs. 61.3%, p=0.371; 
grade ≥2: 35.1 vs. 56.8%, p=0.052; grade ≥3: 2.7 vs. 
20.5%, p=0.015, respectively), particularly in severe 
cases [7]. 

A randomized, phase 3, non-inferiority study, 
compared the subcutaneous and intravenous routes of 
bortezomib administration, in 222 patients with 
relapsed MM. Patients in the subcutaneous 
administration group had less frequency of any grade 
BIPN (38% vs. 53%; p=0.044), grade 2 or worse (24% 
vs. 41%; p=0.012), and grade 3 or worse (6% vs. 16%; 
p=0.026) [8]. Similar results were published in a meta-
analysis that included seven randomized controlled 
trials and six retrospective cohort studies involving 
1,198 patients. A protective effect for subcutaneous 
administration of bortezomib to prevent all grades of 
BIPN (OR=0.40, 95% CI 0.27 to 0.59, p<0.001) and 
grade 3 to 4 (OR = 0.45, 95% CI 0.25 to 0.82, P < 
0.001), was shown, while its anti-myeloma effect was 
maintained [9]. 

Bortezomib Cumulative Dose 

The SUMMIT and CREST trials reported the 
incidence of PN increased proportionally to the 
cumulative bortezomib dose, particularly when it 
reached 30 mg/m2, with a statistically significant 
correlation between the total bortezomib dose and the 
FACT/GOG-Ntx questionnaire (p=0.0037) and the total 
PN score (p<0.0001) [10]. 

Acetyl-l-Carnitine (ALC) 

ALC, a molecule associated with a preventive effect 
for neuronal cell death, was evaluated in a quasi-
experimental study to prevent chemotherapy-induced 
peripheral neuropathy in patients with relapsed or 
refractory MM treated with bortezomib, doxorubicin, 
and low-dose dexamethasone (BDD). Even when the 
incidence of grade ≥3 polyneuropathy was 32% in the 
BDD group versus 15 % in the BDD and ALC group, 
this study did not found a statistically significant clinical 
benefit of including ALC for BIPN prevention in the 
BDD protocol [11]. 

High-Dose Intravenous Mecobalamin (HDIME) 

A single-center randomized clinical trial published in 
Chinese, with abstract in English, including 65 newly 
diagnosed MM receiving bortezomib, reported that the 
incidence of BIPN in patients receiving HDIME group 
was lower than the control group (29.63% vs. 55.26%, 
chi square=4.197, p<0.05). Additionally, grade 2 or ≥3 
BIPN were lower in the HDIME group as compared 
with the control group (18.52% vs 47.37%, chi 
square=5.746, p<0.05) (3.71% vs 21.05%, chi 
square=3.983, p<0.05). The authors conclude that 
HDIME in the BIPN prophylaxis has good efficacy 
without severe adverse effects [12]. We found no other 
articles regarding HDIME for BIPN prevention. 

Drug Combination 

A prospective study including adult patients with 
newly diagnosed MM receiving bortezomib-based 
regimens, found that docosahexaenoic acid (DHA) 400 
mg, α-lipoic acid (ALA) 600 mg, vitamin C 60 mg, and 
vitamin E 10 mg bid may prevent BIPN. Among the 18 
patients who finished the study, eight did not 
experience any neurotoxicity, ten (55.5%) had mild 
sensory PN (grade 1 NCI-CTCAE), and none had 
grade 2 or higher PN, versus the 40% anticipated 
based on the reported literature [13]. 

DISCUSSION 

MM is a hematological neoplasm that presents 
diverse clinical manifestations, which may include PN. 
Drugs used to treat MM, such as bortezomib or 
thalidomide, are associated with an increased risk of 
PN [14]. 

High-dose intensity, increased cumulative dosing 
levels, intravenous administration, and combination 
therapy with thalidomide have been associated with 
BIPN development in MM patients in a recent 
systematic review of phase III trials [15]. 

The most robust evidence regarding prophylactic 
measures to prevent BIPN supports the use of 
subcutaneous bortezomib, with non inferior efficacy 
compared to intravenous administration. Subcutaneous 
administration had fewer adverse events such as PN, 
leukopenia, and thrombocytopenia (p<0.05) [16], while 
no differences in 1-year OS and 1-year PFS were 
found (p>0.05). 

Methylcobalamin (MeCbl) is a form of vitamin B12 
needed for the normal nervous system's functioning. Its 
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deficiency causes neuropathy. MeCbl is used to treat 
diabetic PN and other nervous disorders, including 
Alzheimer's disease. It significantly improves de novo 
DNA methylation, modulating the nociceptive 
sensitization in rats [17]. We found only one study 
demonstrating promising results of MeCbl to prevent 
BIPN. The level of evidence is too low to include MeCbl 
as a recommended agent. 

The combination of DHA, ALA, vitamin C, and 
vitamin E has been reported to prevent BIPN in MM. 
However, similarly to MeCbl, the evidence to support 
its use is limited. 

An update of the American Society of Clinical 
Oncology (ASCO) guidelines on the Prevention and 
Management of Chemotherapy-Induced Peripheral 
Neuropathy in Survivors of Adult Cancers did not found 
strong evidence to recommend HDIME, DHA, ALA, 
Vitamin C, or vitamin E in the prevention of neuropathy 
associated with chemotherapeutic drugs including 
vincristine, oxaliplatin, and taxanes [18]. 

Conclusion: in this review, we conclude that the 
subcutaneous route of administration of bortezomib 
effectively prevents BIPN, with a benefit that extends to 
protocols that include other neurotoxic agents. Other 
preventive strategies lack robust evidence to be 
recommended.  

SUPPLEMENTARY MATERIAL 1 
PubMed searching link 

https://pubmed.ncbi.nlm.nih.gov/?term=%22multiple+myel
oma%22+AND+%22bortezomib%22+AND+%22neuropathy
%22+AND+%22prevention%22&filter=pubt.clinicaltrial&filter=
pubt.meta-
analysis&filter=datesearch.y_10&filter=hum_ani.humans 

Trip Database searching link 
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Google scholar searching link 
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SciELO searching link 
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summary&fb=&page=1&q=bortezomib+neuropathy&lang=es
&page=1 

REFERENCES 
[1] Robak P, Robak T. Bortezomib for the Treatment of 

Hematologic Malignancies: 15 Years Later. Drugs R D. 2019; 
19(2): 73-92. 
https://doi.org/10.1007/s40268-019-0269-9 

[2] Rajkumar SV. Multiple myeloma: 2020 update on diagnosis, 
risk-stratification, and management. Am J Hematol. 2020 
May; 95(5): 548-567. 
https://doi.org/10.1002/ajh.25791 

[3] Meregalli C. An Overview of Bortezomib-Induced 
Neurotoxicity. Toxics. 2015; 3(3): 294-303. Published 2015 
Jul 27. 
https://doi.org/10.3390/toxics3030294 

[4] Boyette-Davis JA, Cata JP, Zhang H, et al. Follow-up 
psychophysical studies in bortezomib-related 
chemoneuropathy patients. J Pain. 2011; 12(9): 1017-1024. 
https://doi.org/10.1016/j.jpain.2011.04.008 

[5] Kumar SK, Laubach JP, Giove TJ, Quick M, Neuwirth R, 
Yung G, et al. Impact of concomitant dexamethasone dosing 
schedule on bortezomib-induced peripheral neuropathy in 
multiple myeloma. Br J Haematol. 2017; 178(5): 756-763 
(PubMED). 
https://doi.org/10.1111/bjh.14754 

[6] Sidana S, Narkhede M, Elson P, Hastings D, Faiman B, 
Valent J, et al. neuropathy and efficacy of once weekly 
subcutaneous bortezomib in multiple myeloma and light 
chain (AL) amyloidosis. PLoS One. 2017; 12(3): e0172996. 
(Trip) 
https://doi.org/10.1371/journal.pone.0172996 

[7] Liu H, Xu R, Huang H. Peripheral neuropathy outcomes and 
efficacy of subcutaneous bortezomib when combined with 
thalidomide and dexamethasone in the treatment of multiple 
myeloma. Exp Ther Med. 2016 Nov; 12(5): 3041-3046 (Trip). 
https://doi.org/10.3892/etm.2016.3738 

[8] Moreau P, Pylypenko H, Grosicki S, Karamanesht I, Leleu X, 
Grishunina M, et al. Subcutaneous versus intravenous 
administration of bortezomib in patients with relapsed 
multiple myeloma: a randomised, phase 3, non-inferiority 
study, The Lancet Oncology 2011; 12(5): 431-440. (Trip) 
https://doi.org/10.1016/S1470-2045(11)70081-X 

[9] Wang L, Wang KF, Chang BY, Chen XQ, Xia ZJ. Once-
weekly Subcutaneous Administration of Bortezomib in 
Patients with Multiple Myeloma. Asian Pacific Journal of 
Cancer Prevention [Internet]. 2015 Mar 18; 16(5): 2093-8. 
https://doi.org/10.7314/APJCP.2015.16.5.2093 

[10] Cavaletti G, Jakubowiak AJ. Peripheral neuropathy during 
bortezomib treatment of multiple myeloma: a review of recent 
studies. Leuk Lymphoma. 2010; 51(7): 1178-87. 
https://doi.org/10.3109/10428194.2010.483303 

[11] Callander N, Markovina S, Eickhoff J, Hutson P, Campbell T, 
Hematti P, et al. Acetyl-L-carnitine (ALCAR) for the 
prevention of chemotherapy-induced peripheral neuropathy 
in patients with relapsed or refractory multiple myeloma 
treated with bortezomib, doxorubicin and low-dose 
dexamethasone: a study from the Wisconsin Oncology 
Network. Cancer Chemother Pharmacol. 2014; 74(4): 875-
882. (PubMED). 
https://doi.org/10.1007/s00280-014-2550-5 

[12] Zhang LL, Wang YH, Shao ZH, Ma J. [Prophylaxis of 
Bortezomib-Induced Peripheral Neuropathy in Patients with 
Multiple Myeloma by High-Dose Intravenous Mecobalamin]. 
Zhongguo Shi Yan Xue Ye Xue Za Zhi. 2017; 25(2): 480-
484. (PubMED) 

[13] Maschio M, Zarabla A, Maialetti A, Marchesi F, Giannarelli, 
Gumenyuk S, et al. Prevention of Bortezomib-Related 



Bortezomib-Induced Polyneuropathy Prevention Journal of Hematology Research,  2020,  Vol. 7     17 

Peripheral Neuropathy With Docosahexaenoic Acid and α -
Lipoic Acid in Patients With Multiple Myeloma: Preliminary 
Data. Integr Cancer Ther. 2018; 17(4): 1115-1124. (Trip). 
https://doi.org/10.1177/1534735418803758 

[14] Chaves-Moreira MM, Bezerra Rodrigues A, Peres de Oliveira 
P, Freire de Aguiar MI, Holanda da Cunha G, Cunha Pinto 
RM, et al. Peripheral neuropathy in people with multiple 
myeloma. Acta paul. Enferm. 2018; 31(4): 439-445. 
https://doi.org/10.1590/1982-0194201800061 

[15] Li T, Timmins HC, King T, Kiernan MC, Goldstein D, Park 
SB. Characteristics and risk factors of bortezomib induced 
peripheral neuropathy: A systematic review of phase III trials. 
Hematol Oncol. 2020; 38(3): 229-243. 
https://doi.org/10.1002/hon.2706 

[16] Ye Z, Chen J, Xuan Z, Yang W, Chen J. Subcutaneous 
bortezomib might be standard of care for patients with 

multiple myeloma: a systematic review and meta-analysis. 
Drug Des Devel Ther. 2019; 13: 1707-1716. 
https://doi.org/10.2147/DDDT.S198117 

[17] Xu J, Wang W, Zhong XX, Feng Y, Wei X, Liu XG. 
EXPRESS: Methylcobalamin ameliorates neuropathic pain 
induced by vincristine in rats: Effect on loss of peripheral 
nerve fibers and imbalance of cytokines in the spinal dorsal 
horn. Mol Pain. 2016; 12: 1744806916657089. 
https://doi.org/10.1177/1744806916657089 

[18] Hershman DL, Lacchetti C, Dworkin RH, Lavoie Smith EM, 
Bleeker J, Cavaletti G, et al. American Society of Clinical 
Oncology. Prevention and management of chemotherapy-
induced peripheral neuropathy in survivors of adult cancers: 
American Society of Clinical Oncology clinical practice 
guideline. J Clin Oncol. 2014; 32(18): 1941-67. 
https://doi.org/10.1200/JCO.2013.54.0914 

 

Received on 25-11-20 Accepted on 10-12-20 Published on 22-12-2020 
 
DOI: http://dx.doi.org/10.12974/2312-5411.2020.07.3 

© 2020 Garrido and Riva; Licensee Savvy Science Publisher. 
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in 
any medium, provided the work is properly cited.0 
 


