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Introduction
Multiple Myeloma (MM) is a malignant disease characterized 

by a large number of abnormal proliferations of monoclonal plasma 
cells in bone marrow. Clonal plasma cells and their secreted M 
protein directly infiltrate tissues and organs, leading to various 
clinical symptoms characterized by anemia, bone pain or osteolytic 
bone destruction, hypercalcemia, and renal insufficiency. MM 
is the second most common malignancy in the blood system, 
mainly occurring in middle-aged and elderly people. Men are 
significantly more than women. The etiology and pathogenesis of 
MM are not yet clear. The natural course was 6 to 12 months. In 
recent years, with the advent of new drugs and the improvement of 
detection methods, the diagnosis and treatment of MM have been 
continuously improved and perfected. The survival time of MM 
patients has been significantly prolonged. At the same time, the 
incidence rate of severe adverse reactions such as Chemotherapy-
induced Peripheral Neuropathy (CiPN) is increasing gradually after 
treatment, especially for the first-line treatment of MM therapy, 
the proteasome inhibitor bortezomib, the immunoregulatory drug, 
thalidomide. It is reported that the incidence of Bortezomib induced 
Peripheral Neuropathy (BiPN) is 40%~ 60% [1-5], and thalidomide 
induced peripheral neuropathy (TipN) is 25%~75% [6]. 

The specific pathophysiological mechanism of MM 
chemotherapy related PN is still unclear, according to the current 
studies, and the pathogenesis of PN caused by different therapeutic 
drugs is also different [7]. Because of the difficulty of diagnosis 
and the complexity of differentiation of PN and the difference of 
autonomic sensation, the general discussion focuses on sensory, 
motor, and sensorimotor neuropathy. This article reviews the 
characteristics and treatment of PN in MM. The etiology of 
peripheral neuropathy caused by multiple myeloma is as follows

Caused by the Disease Itself

There are 1-2%~20% of multiple myeloma can lead to 
peripheral neuropathy [5]. Although the exact cause of PN caused by 
MM is unknown, amyloid deposition, immunoglobulin M antibody 
acting on myelin associated glycoprotein, nerve glycoconjugates 
participating in the interaction between Schwann cells and axons, 
and cytokine damage is considered to be the possible mechanism 
of PN. In addition to the form of nervous system complications, 
the direct compression of tumor can also lead to PN [8-10]. The 
etiological mechanism of PN is complex, such as small fiber injury, 
segmental demyelination, and axonal degeneration. PN is also 
related to monoclonal gamma globulin imbalance, amyloidosis, and 
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POEMS syndrome [8,11]. The PN pathology of MM is different from 
other albuminemia, which demonstrates the importance of MM 
management.

Induced by the Drug

Reported by the literature, the incidence rate of CiPN is 
increasing year by year. Because bortezomib and thalidomide are 
effective in treating MM, and they are cost-effective. At present, they 
are the main first-line drugs for the treatment of MM, while they 
both can cause PN. BiPN is mainly sensory type, and there is also 
mixed type (sensory and motor PN). It is usually characterized by 
distal sensory abnormalities, burning numbness and neuropathic 
pain [12,13]. BiPN is related to dose, administration time and 
administration mode, and is usually reversible. The pathological 
mechanism of BiPN includes: 

a) It acts on the cytoplasm of dorsal root ganglion to produce 
toxic effects, leading to metabolic changes

b) It can promote the release of calcium in endoplasmic 
reticulum and induce mitochondria to regulate cell apoptosis

c) Bortezomib can inhibit the transcription of nerve growth 
factor and genetic factor at the same time [14]. 

After 12 months of treatment, the incidence of TiPN is 70%, and 
its pathogenesis is still unclear. The possible related factors are as 
follows: 

a) Thalidomide can affect the axons of sensory nerve and 
motor nerve, causing neurotoxicity, especially the myelinated 
long nerve fibers

b) Anti-angiogenesis, which reduces the formation of 
capillaries and leads to ischemia and hypoxia of nerve fibers

c) The down-regulation of tumor necrosis factor α decreased 
the survival of neural cells

d) Genetic factors, such as some gene mutations [15,16].

Other factors of Multiple Myeloma Led to PN

There are few reports on the mechanism of PN induced by 
other neurotoxic drugs in MM. Clinical data show that vincristine 
causes distal mutation through local neuroaxonal toxicity [17]. This 
may be the combination of vincristine and tubulin to interfere with 
micro polymerization. Platinum induced PN is caused by direct 
toxic damage to DRG, but it can also involve peripheral and central 
sensory neuron degeneration [18]. The incidence rate and clinical 
features of peripheral neuropathy

Symptom: The symptoms of PN are usually symmetrical, 
including paresthesia, numbness and burning sensation; These 
symptoms are usually mild and mild, but in rare cases they can 
be paralyzed or even life-threatening. Although there are some 
differences in the treatment of PN, the acute symptoms are usually 

symmetrical, starting from the distal end and gradually aggravating. 
BiPN is mild and generally tolerable (although it is often reported 
that more than 15% of patients have severe sensory and motor 
PN) [19]. Symptoms generally start from the distal end of the 
nerve, including burning sensation, hypersensitivity, Hypoesthesia, 
paresthesia, discomfort, neuropathic pain. Thalidomide induced 
nerve damage may be permanent, and it may be the symptom 
of peripheral neuropathy after stopping treatment [20]. It is 
reported that thalidomide can cause neuropathy of sensory and 
sensorimotor axons, which usually affects the sensory numbness 
or pain of the distal end of the foot, and sometimes affects the hand 
[21,22]. The neurotoxicity of vincristine can progress to a distal 
symmetric sensory neuropathy [23]. Although there is no clear 
evidence, cisplatin can cause long-term peripheral sensory nerve 
damage in the treatment of epithelial ovarian cancer [24].

Incidence Rate: A multicenter phase 2 study mainly evaluated 
the effect of BiPN on MM patients with bortezomib as the first-
line treatment. The study showed that 64% of patients developed 
acute BiPN, including 3% of patients with grade 3 neuropathy. In 
a phase 3 clinical trial of bortezomib based combination regimen, 
more than 70% of patients developed BiPN, more than 16% of the 
patients had grade>3 neuropathy [25-35]. The incidence of BiPN in 
relapsed and newly diagnosed myeloma patients was basically the 
same [36-39]. Importantly, the occurrence of BiPN did not affect the 
therapeutic effect of bortezomib.

The incidence of TiPN is similar to that of BiPN. After treatment 
for more than 12 months, over 75% of patients developed peripheral 
neuropathy [40]. In the naive MM patients, the overall incidence 
rate, and the incidence of >3 PN were 55% and 10% respectively. 
For the treatment of relapsed myeloma with thalidomide and 
thalidomide combined with dexamethasone, 22% of the patients 
had 1/2 grade TiPN. 6% of patients had grade 3/4 TiPN. Compared 
with thalidomide, lenalidomide was reported to have less incidence 
of peripheral neuropathy and less peripheral neurotoxicity.

Reversibility: Although PN can reduce the quality of life of 
patients, BiPN is reversible for most patients. For example, in the 
VISTA trial, 60% of patients with peripheral neuropathy disappeared 
after 5.7 months. It has also been reported that in patients with 
bone marrow transplantation the induced BiPN by bortezomib, 
thalidomide and dexamethasone is reversible. The reversibility 
of BiPN was confirmed by neurophysiology and histology in 
mice [41,42]. The reversibility of peripheral neuropathy is very 
important for bortezomib treatment. Thalidomide induced nerve 
injury may be permanent, and some research reports point out that 
TiPN can only be improved slowly or even can’t be improved.

Diagnosis of Peripheral Neuropathy (PN)

At present, the diagnostic criteria of Multiple Myeloma 
Peripheral Neuropathy (MMPN) are based on the following three 
aspects: 
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a) Definite disease history

b) The corresponding clinical symptoms and signs appeared 
during or after the diagnosis or treatment

c) Any one or more of the following four aspects of nervous 
system examination are abnormal: sensory nerve examination; 
Motor nerve examination; Autonomic nerve examination; 
One or more items of nerve conduction velocity examination 
(including sensory nerve and motor nerve conduction velocity 
measurement) slowed down [43].

Because the symptoms of NP are subjective manifestations of 
patients, because there are different scales, how to accurately grade 
PN is still a controversial issue. We hope to have a grading standard 
including clinical symptoms and electrophysiology. Clinical 
examination and electrophysiological measurement can objectively 
and effectively evaluate the toxic effects of chemotherapy drugs 
on peripheral nerve injury, but in practice, the measurement of 
electrophysiology is not easy to achieve. At present, we can only 

use EMG to measure electrophysiology. Considering that the total 
score of neuropathy (TNS) does not include the evaluation of pain 
intensity, TNS and 11 point pain intensity scale (PI-NRS) may be the 
best method in the evaluation and grading of PN.

Evaluation of Peripheral Neuropathy 

The symptoms of CiPN are different in patients, and the previous 
diagnosis and evaluation mainly depend on the subjective reports 
of patients. Nowadays more and more medical staff have raised 
their concern about CiPN. However, it is usually only subjective 
assessment of CiPN symptoms of patients, it is inevitable that the 
severity and incidence rate of CiPN can be inaccurate. It is necessary 
to combine CiPN’s subjective feelings with objective indicators to 
evaluate the value of the CiPN. Combined with electrophysiological 
examination, quality of life questionnaire (FACT/GOG-Ntx) and 
simple pain assessment questionnaire (NRS and VAS pain score), 
it can provide an objective and powerful evidence for the incidence 
rate, clinical symptoms, and pathological classification of CiPN [44-
47] (Table 1).

Table 1: FACT/GOG—Ntx neurotoxicity assessment tool.

Symptom Grade

Numbness or tingling in the hand 0 1 2 3 4

Numbness or tingling in feet and hands 0 1 2 3 4

Feel uncomfortable with hands 0 1 2 3 4

Feel uncomfortable with feet 0 1 2 3 4

Arthralgia or muscle spasm 0 1 2 3 4

Feel weak 0 1 2 3 4

Hearing difficulty 0 1 2 3 4

Tinnitus 0 1 2 3 4

Difficult to button 0 1 2 3 4

Can’t tell the shape of a small object in your hand 0 1 2 3 4

Walking difficulties 0 1 2 3 4

0=Not at all 1=Slight 2=Obvious 3=Quite Obvious 4= Very Serious

VAS Pain Scoring Criteria (Score 0-10)

0 It doesn’t hurt at all

Less than 3 points Its painful, while its tolerable

4-6 points Patients with pain and affect sleep, but still can tolerate

7-10 points Patients have gradually strong pain, pain unbearable, affect appetite, affect sleep

Clinical Advice

The occurrence of PN is very common in MM patients. Recent 
discussions suggest that there is lack of effective treatment for PN 
in MM patients, so in order to improve the quality of life of patients 
and better optimize the effect of chemotherapy, prevention is the 
key. All MM patients receiving neurotoxic drug chemotherapy 
should be evaluated before the symptoms of PN appear. The dosage 
adjustment is the “gold standard” to improve the symptoms of BiPN 
and TiPN.

The Treatment of PN

Treatment of Primary Diseases: The control of primary 
disease is the key to the treatment of PN. PN caused by chemotherapy 
drugs is usually related to the dose. Once PN occurs, in addition to 
symptomatic treatment, it is also necessary to immediately adjust 
the chemotherapy drugs or extend the treatment period. The nerve 
damage caused by BiPN is reversible. In case of PN, in addition to 
reducing the dose of bortezomib, it can also be changed from twice 
a week to once a week by changing the frequency of use or change 
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bortezomib to subcutaneous embedding administration to reduce 
the incidence and degree of PN. In addition, the combined use of 
bortezomib and dexamethasone can reduce severe neurological 
complications [48,49]. The dose and duration of thalidomide 
treatment are important factors leading to CiPN. Different from 
BiPN, current clinical trials have proved that TiPN is basically 
irreversible when the therapeutic dose of thalidomide accumulates 
to a certain extent. Therefore, when clinical symptoms of TiPN 
appear, it is necessary to reduce the dose of thalidomide or even 
stop using it.

Other Symptomatic Treatment: We should be very careful 
when using neurotoxic drugs because long-term use of neurotoxic 
drugs can lead to permanent peripheral nerve injury. It is 
suggested that patients should take exercise and physical therapy 
as adjuvant treatment, such as wearing loose clothes, warm water 
foot bath, etc. Second, Choose neuroprotective agents such as 
vitamin B, Mecobalamin, glutamine, acetyl L-carnitine, antioxidant 
(docosahexaenoic acid, α- Lipoic acid, glutathione) etc, in order 
to repair the pathological damage of nerve as far as possible, to 
reduce the clinical symptoms of PN. For patients with peripheral 
neuropathic pain, the recommended treatment sequence is as 
follows: 

a) First-line medication: gabapentin, pregabalin, 
antidepressants

b) Second line medication: tramadol, oxycodone, opioids, 
using multi-step analgesic treatment

c) Third line drugs: antiepileptic drugs (Ethylsuccinate), 
ketamine (some patients can be used as second-line drugs) 
[43]. 

In addition, Chinese scholars have found that acupuncture 
can effectively improve the symptoms of PN, especially the 
feeling of hand and foot acupuncture, numbness, and discomfort. 
Acupuncture combined with Mecobalamin has better curative 
effect than Mecobalamin alone [50,51].

Discussion
Chemotherapeutic drugs increase the survival rate of MM, 

but the PN caused by it is also more common. It has become the 
main adverse reaction and new challenge of drug treatment of MM. 
Besides, PN is related to primary diseases and chemotherapy drugs, 
and it is also related to the risk factors such as diabetes, vascular 
disease, obesity and so on. When we first visit MM, we need to 
comprehensively evaluate PN, and develop a chemotherapy regimen 
with optimal safety during chemotherapy. We should prevent 
and early identify some related manifestations of PN. We should 
achieve early occurrence, early diagnosis and early treatment, 
including reducing drug dose, extending drug interval, replacing 

chemotherapy drugs, or using some neuroprotective agents as 
soon as possible, or combining acupuncture, physiotherapy and 
other traditional Chinese medicine techniques, At present, there is 
no standard and standardized MMPN evaluation and monitoring 
management system, which makes MMPN diagnosis and efficacy 
evaluation lack of standards and treatment methods. The clinical 
application of neuroprotective strategies and the identification of 
CiPN risk factors based on genotype analysis will provide us with 
more treatment options in the future [52]. 
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