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Baseline peripheral neuropathy
was associated with age

and a prognostic factor in newly
diagnosed multiple myeloma
patients

Mengmeng Dong3, Jinna Zhang3, Xiaoyan Han?, Jingsong He?, Gaofeng Zheng' &
Zhen Cait?*

Multiple myeloma (MM) is an incurable plasma cell hematological malignancy. Bortezomib has
become the primary drug in the treatment of patients with MM. However, its negative effects,
especially peripheral neuropathy (PN), affect the patients’ life quality and treatment continuity.
However, there are few studies on baseline PN of MM, and little is known of the impact of baseline
PN on the prognosis of MM patients. Therefore, we reviewed the clinical data of newly diagnosed MM
patients in our center, explored the influencing factors of baseline PN, and evaluated PN’s influence
on the prognosis of MM patients undergoing induction therapy with bortezomib. According to

the inclusion and exclusion criteria, 155 MM patients were eligible for the retrospective study. The
multivariate regression analysis, generalized additive fitting smooth curve, the receiver operating
characteristic curve (ROC) and K-M curve were conducted in this study. We found that baseline PN
in patients with MM was age-related; MM patients with baseline PN have more severe bortezomib
induced PN (BiPN) during the four courses of induction therapy with bortezomib as the primary
regimen and worse PN outcome after induction therapy. Additionally, the progression-free survival
(PFS) and overall survival (OS) of MM patients with baseline PN were worse than those of the MM
patients without baseline PN.

Multiple myeloma (MM) is an incurable malignant plasma cell tumor, and the incidence is second-highest in
hematological malignancies'. The monoclonal immunoglobulin secreted by malignant plasma cells causes several
clinical symptoms, such as anemia, hypercalcemia, kidney damage, bone pain, etc.2. MM is nearly 1.8% of all
newly diagnosed cancers, and the percentage of estimated deaths in MM of all cancer deaths is almost 2.0%>. The
median age at diagnosis is 70 years, and two-thirds of MM patients are more than 65 years old at first diagnosis®.
Moreover, advanced age is associated with poor clinical prognosis*®. Every year, about five of 100,000 people suf-
fer from MM, and the overall prognosis has been relatively unfavorable until the application of new therapeutic
strategies, such as proteasome inhibitor, immunomodulator and chimeric antigen receptor T-cell (CART) therapy.
The effectiveness and prognosis of MM have been greatly improved®. Survival with tumors and chronic disease
management have gradually become new concepts in the treatment and management of MM patients. Improv-
ing the life quality and happiness index of MM patients is an important goal for the treatment of MM patients”®.

Peripheral neuropathy (PN) is an essential factor that affects the life quality of MM patients’. Many patients
develop symptoms of PN at the initial stage of the disease mainly manifested as numbness of the limbs, tin-
gling, autonomic nerve damage symptoms, and even small motor dysfunction®. There are many mechanisms
to stimulate PN in MM patients. Monoclonal protein (M-protein), light chain immunoglobulin in nerve cells
(amyloidosis), or medulla compression can directly damage nerve cells'®. Additionally, the high blood viscosity
due to high M-protein levels will slow down the blood flow, leading to neurological symptoms!!.

In addition to the PN caused by MM disease itself, treatment-related PN has also been paid attention to.
Bortezomib has now become the basic drug in the treatment of MM patients'. Although bortezomib is one of
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the most widely used for MM, it can induce several adverse events. One of its side effects is PN, which affects
the patients’ life quality, compliance, treatment tolerance, and continuity®’.

There are few studies on the relationship between age and baseline PN in MM patients. And we know little
about the association between baseline PN and the prognosis of MM patients. Therefore, we reviewed the clinical
data of patients with newly diagnosed MM in our department, explored the influencing factors of baseline PN,
and evaluated the impact of baseline PN on the clinical prognosis of bortezomib-based treatment. Our research
paid attention to the PN of MM patients in the early stage, and provide real-world data support for MM patients
to choose an individualized treatment plan that can maintain a better life quality.

Methods

This retrospective cohort study collected clinical data of newly diagnosed multiple myeloma (MM) patients from
the First Affiliated Hospital of Zhejiang University School of Medicine from March 2011 to October 2015. Ethics
approval and consent to participate.

The selection criteria were as follows: (1) newly diagnosed MM patients in our unit from March 2011 to
October 2015; (2) the diagnosis of MM was based on the International Myeloma Working Group (IMWG) symp-
tomatic MM standard'4; (3) they all had blood or urine monoclonal protein that could be evaluated for curative
effect; (4) the MM patients have data of PN at baseline, and each course of induction therapy; (5) appropriation
and agree to use bortezomib-based combination chemotherapy as the first-line induction treatment plan; (6) the
follow-up data was recorded in our unit until lost or death; (7) according to the above criteria, 361 MM patients
were excluded due to missing primary data, 47 patients excluded due to no treatment, 83 patients excluded on
account of not completed 4 courses of bortezomib-based regimen therapy in our center, 95 patients excluded
due to previous other neuropathy, and 31 patients excluded because of serious heart, lung, liver or/and kidney
disease or other tumors. As a result, 155 patients were selected from 772 MM patients in the center during the
above time for this study.

The diagnosis of PN was mainly based on the clinical manifestations of the patients, physical examination
and electromyography. The details were as follows: (1) A clear history of MM; (2) Abnormalities in any one or
more of the following four aspects of neurological examination: ® physical examination of sensory nerve (pain,
temperature, touch, vibration, etc.); @ physical examination of motor nerve (muscle strength, ankle reflex, radial
Reflex, etc.); ® electromyography showed one or more nerve slow down. Physical examination was performed
by the responsible physician and nurse. Electromyography was performed by the examining doctor. The above
information was collected by a physician and reviewed by another physician.

At the end of each cycle of the four inductive treatments, the patients were assessed their effectiveness as
complete remission (CR), very good partial remission (VGPR), partial remission (PR) or stable disease (SD),
according to NCCN Guidelines Insights: Multiple Myeloma, Version 1.2020.

Data collection. Baseline demographic and clinical data of the MM patients were collected by electronic
retrieval from medical records, and we conducted a retrospective review. The following indicators were evalu-
ated: (1) Demographic characteristics, including age and gender; (2) clinical data, including immunoglobin type,
light chain type, Durie-Salmon stage (DS stage), International Staging System (ISS stage), baseline PN, albumin,
serum creatinine, f2-microglobin (p2-MG), lactate dehydrogenase (LDH), and hemoglobin (HB); (3) admin-
istration method and dosage of bortezomib; (4) the best curative effectiveness within four courses of induction
therapy; (5) the degree of PN induced by bortezomib after treatments; (6) follow-up in our unit death or loss to
follow-up; (7) progression-free survival (PFS) time and overall survival (OS) time.

The diagnosis of MM was based on the new IMWG symptomatic MM criteria'*. And the effectiveness evalu-
ation used the MM National Comprehensive Cancer Network clinical practice guidelines 2020'%, and the PN
grade was according to the National Cancer Institute Common terminology criteria for adverse events (CTCAE
4.03, Supplementary Table 1).

Statistical analysis. Continuous data were expressed as mean + standard deviation. Categorical variables
were expressed as numbers or percentages. Student’s t-test and Chi-square test were used to assess the difference
between two groups.

First, we conducted a univariate analysis of the newly diagnosed MM patients’ PN and potentially related
factors. We found that the patients’ age was related to the grade of baseline PN. Then, variable-adjusted binary
Logistic regression model and generalized addition fitting smooth curve analyzed the relationship between
age and baseline PN. The receiver operating characteristic curve (ROC) assesses the predictive value of age for
baseline PN in newly diagnosed MM patients.

Further variable-adjusted multiple linear regression was used to study the influence of the baseline PN and
the outcome of bortezomib induced PN (BiPN, assessed 6 months after induction therapy) in MM patients, and
a violin plot was used to show their relationship. Finally, variable-adjusted COX proportional hazards regres-
sion model analysis and K-M curve was used to analyze the relationship between the baseline PN and PFS/OS
in MM patients.

In statistical analysis, the best curative effectiveness < complete remission (CR) was labelled as 1, very good partial
remission (VGPR) as 2, partial remission (PR) as 3, stable disease (SD) as 4. All probabilities were two-tailed. Empower
Stats (www.empowerstats.com; X & Y Solution, Inc., Boston, MA, USA), R software (http://www.R-project. organization)
and GraphPad Prism 8 were used for statistics and graphing. A p value of <0.05 was considered significant.

Ethics approval and consent to participate. Reference number (IIT20210611A) from Ethical Inspec-
tion of the First Affiliated Hospital, College of Medicine, Zhejiang University. Informed consent was waived by
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Figure 1. Flow chart of participants (created by Processon, https://www.processon.com/). Seven hundred
and seventy-two patients participated in the retrospective study. After exclusion, 155 patients were included
according to the criteria.

the Clinical Research Ethics Committee of the First Affiliated Hospital, College of Medicine, Zhejiang Univer-
sity, because the medical records used in this study were obtained from previous clinical diagnosis and treat-
ment. Exemption from informed consent will not adversely affect the rights and health of subjects. All methods
were performed in accordance with the Declaration of Helsinki.

Results
Among the 772 newly diagnosed MM patients treated in our unit from March 2011 to May 2015, 617 patients
were excluded after the screening process of Fig. 1, and 155 newly diagnosed MM patients were included in
this study.

Age was independently associated with baseline PN in MM patients. Among the 155 MM
patients, 23 had baseline PN, and 132 had no baseline PN. There was no significant difference in immunoglobu-
lin typing, light chain typing, DS staging and ISS staging between the two groups (Table 1).

Univariate analysis was used to estimate the correlation between the age of MM patients baseline PN (OR
1.08, p=0.0053). OR was slightly greater than 1, in spite of the low p-value. Furthermore, taking age as the inde-
pendent variable, after adjusting the gender, body mass index (BMI), immunoglobin type, light chain type, DS
stage, creatinine, p2-microglobulin (2-MG), and lactate dehydrogenase (LDH), the results of the fully adjusted
model showed that age was independently related to PN (OR 1.11, 95% CI (1.03, 1.18), p=0.0044). As the age
varied from 31 to 82 years old, in order to analyze the effect of the age on baseline PN in stratify, the patients
were then divided into two groups based on 60, 65, and 70 years, respectively. The binary Logistic regression
adjusted by potential factors showed that baseline PN incidence was higher in the high-age group than in the
low-age group in all these three models. Among them, patients > 60 years old compared with patients < 60 years
old, OR 3.58,95% CI (1.14, 11.18), p=0.0284; patients > 65 years old compared with patients <65 years old, OR
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Variable Non-baseline PN | Baseline PN P-value | Variable Non-baseline PN | Baseline PN P-value
N 132 23 LDH (g/L) 207.60+106.80 191.09+£60.58 | 0.483
Age 59.96+9.49 66.00+6.61 0.003 HB (g/L) 91.93+24.14 98.23+22.33 0.244
Male 78 (59.54%) 11 (47.83%) 0.281 Bortezomib dose 0.423
BMI 22.55+£2.59 22.04+2.84 0.399 BTZ 1.0 mg/m2 57 (43.18%) 12 (52.17%)
Immunoglobin type 0.862 BTZ 1.3 mg/m? 75 (56.82%) 11 (47.83%)

NA 41 (31.30%) 5 (21.74%) ﬁ)‘i{gﬁ“imaﬁon 0.781
IgG 50 (38.17%) 10 (43.48%) v 73 (55.30%) 12 (52.17%)

IgA 36 (27.48%) 7 (30.43%) SC 59 (44.70%) 11 (47.83%)

IgD 3 (2.29%) 1 (4.35%) ]g?}fl\‘]no“ severe 0.007
IgG &IgA 1 (0.76%) 0 (0.00%) 0 44 (33.33%) 0(0.00%)

Light chain type 0.666 1 63 (47.73%) 14 (60.87%)

NA 17 (12.98%) 4(17.39%) 2 23 (17.42%) 8 (34.78%)

A 64 (48.85%) 9(39.13%) 3 2 (1.52%) 1 (4.35%)

K 50 (38.17%) 10 (43.48%) PN recovery 0.002
DS stage 0.666 0 42 (31.82%) 1 (4.35%)

I 9 (6.87%) 1 (4.35%) 1 89 (67.42%) 20 (86.96%)

I 11 (8.40%) 3 (13.04%) 2 1(0.76%) 2 (8.70%)

111 111 (84.73%) 19 (82.61%) BE 0.039
ISS stage 0.082 1 62 (46.97%) 8 (34.78%)

1 36 (27.48%) 11 (50.00%) 2 54 (40.91%) 7 (30.43%)

2 47 (35.88%) 4(18.18%) 3 12 (9.09%) 5 (21.74%)

3 48 (36.64%) 7 (31.82%) 4 4(3.03%) 3(13.04%)

Creatinine 1217314551 | 117.69+118.79 | 0555 | Relapse 94 (71.21%) 18 (81.82%) | 0301
(umol/L)

>177 (umol/L) 16 (12.12%) 5(21.74%) 0.214 PFS (month) 34.07+27.15 19.48+17.33 0.016
Albumin (U/L) 38.28+8.16 38.80+7.19 0772 | Mortality 87 (66.41%) 15 (68.18%) | 0.871
$2-MG (mg/L) 5.99+5.29 4.56+2.68 0.209 OS (month) 49.64+£31.26 28.56+18.81 0.003

Table 1. Description of clinical data. The best curative effectiveness < complete remission (CR) was labelled

as 1, very good partial remission (VGPR) as 2, partial remission (PR) as 3, stable disease (SD) as 4. BMI body
bass index, $2-MG {2 microglobin, LDH lactate dehydrogenase, HB haemoglobin, PN peripheral neuropathy,
IV intravenous injection, SC Subcutaneous injection, BiPN the most severe bortezomib induced PN during the
inductive therapy, BE the best efficacy during the inductive, PFS Progression-free survival, OS overall survival.

3.92,95% CI (1.35, 11.38), p=0.0120. MM patients aged > 70 years old had more severe baseline PN compared
with patients <70 years old, OR 3.15, 95% CI (0.91, 10.87). However, p value was 0.0695, more than 0.05 (Table 2).

The generalized additive fitting smooth curve fitting showed that age was related to the baseline PN of MM
patients. The older the age, the greater the likelihood of baseline PN (Fig. 2). The analysis of the ROC curve
showed that the area under curve was 0.697, p=0.0053. This result showed that age had a certain predictive effect
on baseline PN in MM patients (Fig. 3).

MM patients with baseline PN had more severe BiPN and worse PN outcome. These MM
patients all conducted induction therapy with the bortezomib-based regimen. During the treatment, the bort-
ezomib-induced peripheral neuropathy (BiPN), the best curative effectiveness, and the PFS/OS were observed
and recorded (Table 1).

Univariate analysis showed that baseline PN of MM patients was significantly correlated with the severity
of BiPN (p=0.0008). The violin plot showed BiPN grades between different baseline PN groups in induction
therapy. MM patients with baseline PN suffered more severe BiPN in every cycle in bortezomib-based inductive
regimen (p=0.0008, Fig. 4A), with fewer BiPN of grade 1 and more 2/3 grades. The most severe BiPN during
induction therapy was also observed and recorded. After adjusting the age, gender, BMI, immunoglobin type,
light chain type, DS stage, creatinine, f2-MG, LDH, bortezomib dose, and administration route, the variable-
adjusted linear regression showed that patients with baseline PN had more severe BiPN than patients without
baseline PN ($=0.52, 95% CI (0.18, 0.86), p=0.0037, Table 3). After treatment, some patients with BiPN would
be relieved. PN assessed 6 months after induction therapy was recorded as PN outcome. The variable-adjusted
linear regression adjusted for potential factors showed that patients with baseline PN had worse PN outcome
than those without baseline PN ($=0.34, 95% CI (0.12, 0.56), p=0.0034, Table 3). The violin plot intuitively
showed that MM patients with baseline PN had more severe BiPN (p=0.0008, Fig. 4A) and worse PN outcome
(p=0.0009, Fig. 4B).
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Crude model (OR, 95% | Minimally adjusted Fully adjusted model
Variable non-baseline PN (N) | baseline PN (N) | CI, P) model (OR, 95% CI, P) (OR, 95% CI, P)
Age 132 23 1.08 (1.02, 1.14) 0.0053 1.09 (1.03, 1.15) 0.0048 1.10 (1.03, 1.18) 0.0044
Age (year)
<60 71 (53.79%) 6 (26.09%)
=60 61 (46.21%) 17 (73.91%) 3.30(1.22, 8.89) 0.0183 3.40 (1.19, 9.73) 0.0222 3.58 (1.14, 11.18) 0.0284
Age (year)
<65 99 (75.00%) 11 (47.83%)
=65 33 (25.00%) 12 (52.17%) 3.27 (1.32,8.11) 0.0105 3.50 (1.34, 9.15) 0.0107 3.92 (1.35,11.38) 0.0120
Age (year)
<70 114 (86.36%) 17 (73.91%)
>70 18 (13.64%) 6 (26.09%) 2.24(0.78,6.42) 0.1351 | 2.62 (0.82,8.42) 0.1049 | 3.15 (0.91, 10.87) 0.0695

Table 2. Variable-adjusted binary Logistic regression analysis between age and the baseline PN. Statistical
method: variable-adjusted binary Logistic regression. Crude model adjust for: None. Minimally adjusted
model adjust for: gender, immunoglobin type, light chain type. Fully adjusted model adjust for: gender, BMI,
immunoglobin type, light chain type, DS stage, Creatinine, 2 microglobulin, lactate dehydrogenase. PN
peripheral neuropathy.

PFS and OS were worse in MM patients with baseline PN than those without baseline PN.  The
curative effectiveness was a concern for both MM patients and clinicians. At the end of each cycle of the four
induction treatments, the effectiveness was assessed: complete remission (CR), very good partial remission
(VGPR), partial remission (PR) or stable disease (SD), according to NCCN Guidelines Insights—Multiple Mye-
loma, Version 1.2020. After completing induction therapy, the best effectiveness (BE) of these four cycles was
evaluated for the following analysis. The results of the univariate analysis showed that MM patients with baseline
PN had worse BE (B=0.45 95% CI (0.15, 0.56), p=0.015). After adjusting potentially related multiple factors,
the fully adjusted model of variable-adjusted linear regression showed that baseline PN was not independently
correlated with the BE (f=0.26 95% CI (-0.12, 0.63), p=0.1796, Table 3). The result showed that baseline PN
might be associated with BE, however, not independently. The best effectiveness of the induction therapy for
MM patients with baseline PN was worse than that of patients without baseline PN.

Furthermore, to observe the prognosis of patients, data of PFS and OS of MM patients until death or loss
to follow-up were recorded. The K-M curve showed that patients with baseline PN had worse PFS (p=0.0036,
Fig. 5A) and OS (p=0.0220, Fig. 5B). After adjusting age, gender, BMI, immunoglobin type, light chain type, DS
stage, Creatinine, $2-MG, LDH, bortezomib dose, and administration route, taking baseline PN as the dependent
variable, results of Cox multivariate regression analysis showed that patients with baseline PN had inferior PFS
(HR 2.05,95% CI (1.17, 3.59), p=0.0122) and OS (HR 1.90, 95% CI (1.04, 3.47), p=0.0381) to patients without
baseline PN (Table 3).

Discussion

Multiple myeloma is a monoclonal plasma cell malignant hematological disease. PN is an essential complication
of MM, which can be caused by MM itself and treatment'®. However, the causes of baseline PN in MM patients
are not completely clear and may be related to amyloid deposition, cytokine-mediated injury mechanisms, and
direct compression of radiculopathy by tumors'>'’.

The incidence of the baseline PN in MM patients in this study was 14.8%, which was consistent with interna-
tional reports of 1-2 to 20%'®. PN is related to the presence of monoclonal antibodies, and their grade does not
need to be too high to trigger PN. Therefore, well-controlled MM patients and even monoclonal gammopathy of
undetermined significance (MGUS) patients may develop PN'®. Many factors affect PN in MM patients. Studies
have shown that BMI is related to PN in MM patients. Compared with non-obese patients, obese patients have
a higher risk of developing BiPN?. Vitamin D may also play a role in the development of PN in MM patients'.
The affecting brain-derived neurotrophic factor (BDNF) is a nerve growth factor that plays an essential role in
maintaining the nervous system. Therefore, the grade of BDNF protein may be a tool for Chemical-induced
peripheral neuropathy risk assessment?'. However, when we collected patient information, we did not distinguish
in detail whether the baseline PN of the patients was caused by the MM itself or by other reasons, which was a
limitation of the article. Our research showed that the age of MM patients was an independent factor of baseline
PN. Especially, patients over 60 years old had more severe baseline PN than those under 60 years old, and patients
over 65 years old than under 65 years old. The higher the age, the greater the probability of the occurrence of
baseline PN, which was consistent with the results of an observational study by Leone et al. They found that the
age was associated with distal symmetrical sensory peripheral neuropathy in MM?*2,

MM is still an incurable disease. Advances in treatment strategies, such as proteasome inhibitors, autologous
stem cell transplantation and immunotherapy have improved the prognosis of MM patients. However, at the
same time, it has also increased the therapy-related side effects of MM patients. Bortezomib is a first-generation
proteasome inhibitor. It is used in combination with other compounds and is the cornerstone of MM treatment®.
Bortezomib preferentially targets small myelinated and unmyelinated fibers, so it usually causes hyperesthesia,
neuropathic pain, and temperature sensation changes in limbs**. BiPN largely affects the patients’ life quality
and the treatment continuity®. A variety of factors affect BiPN. A genome-wide association study found that
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Figure 2. Spline smoothing curve for the cross-sectional correlation between age and baseline peripheral
neuropathy (p=0.017, created by Empower Stats and R software, www.empowerstats.com; http://www.R-proje
ct). Generalize additive models was used in the analysis, the red line represented the fitted relationship between
age and baseline PN, and the blue lines referred the 95% CI. The model was adjusted for: gender, immunoglobin
type, light chain type, DS stage, creatinine, 2 microglobulin; lactate dehydrogenase. PN peripheral neuropathy.

four genes related to the development and signal transduction of the nervous system are related to BiPN2. Addi-
tionally, the dosage of bortezomib, subcutaneous or intravenous administration and other combination drugs
can affect the degree of BiPN*"?. Both MM disease itself and therapy can cause PN; however, the relationship
between the patients’ baseline PN and BiPN is unclear. Our study showed that MM patients with baseline PN
have more severe BiPN and worse PN outcomes than MM patients without baseline PN. This suggested that
when choosing treatment for MM patients with baseline PN, we need to pay more attention to the the patients’
PN grade, timely application of neuroprotective therapy, and adjustment of treatment plans. The diagnosis of
PN in our research was mainly based on the clinical manifestations of the patients, physical examination and
electromyography. Given the lack of sensitive diagnostic endpoints for chemotherapy-associated peripheral
neuropathy (CIPN), recent efforts showed that corneal confocal microscopy could detect CIPN, which couldn’t
be monitored by traditional neuropathy detection methods**°. Further objective and sensitive diagnostic and
assessment systems for PN are expected.

When treating MM patients, effectiveness and prognosis are also the concerned issues. The cytogenetic char-
acteristics of monoclonal plasma cells, the DS or (R)ISS stage at the initial stage of diagnosis, the treatment plan,
autologous stem cell transplantation and other factors affect the effectiveness and prognosis of the patient*-3.
Our results indicated that patients with baseline PN had worse PFS and OS. Our research suggested that patients
with baseline PN were often older and were treated with reduced-dose of bortezomib-based regimens. These
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Figure 3. Predictive model and the ROC curve (created by Empower Stats and R software, www.empow
erstats.com; http://www.R-project) analysis for age and baseline peripheral neuropathy (AUC=0.697;
p=0.0053). Multiple Fractional Polynomial (MFP) model: - 6.45114 +7.46433 x I((AGE/100)"). Full
model: —6.45114 +0.07464 x AGE.

factors can also affect the prognosis of patients. Therefore, multivariate regression and K-M curve analysis after
the adjustment of potential factors were implemented, and the results showed that the baseline PN was sig-
nificantly independently correlated with PFS and OS. It may be a clue implying that the basic peripheral nerve
compression capacity, degree of amyloid deposition and microenvironment in MM patients are not conducive
to the clinical outcomes of patients. Of course, further physiological and pathological mechanisms remain to
be explored.

Our findings are based on a single-center retrospective observational study, which has certain limitations.
Some patients were discarded due to incomplete data, which may have a certain selection bias; in the multivariate
regression study, although we adjusted some factors that may affect the outcome, there were still some confound-
ing factors that we have not explored. Additionally, sample size was small in this study, and a prospective study
involving multiple centers with more participants are needed to further verify our findings.
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Figure 4. Violin plot showed PN grades between different baseline PN groups (created by GraphPad Prism 8).
(A) MM patients with baseline PN suffered more severe bortezomib-induced peripheral neuropathy (BiPN) in
bortezomib-based inductive regimen (p=0.0008). PN1, PN2, PN3, and PN4 were acronyms for BiPN in cycles
one, two, three, and four, respectively. (B) The grade of the most severe BiPN was higher in MM patients with
baseline PN. PN outcome was assessed 6 months after induction therapy. MM patients suffered more severe PN
after induction therapy (p=0.0009). MM multiple myeloma, PN peripheral neuropathy.
Variable ‘ Crude model (B, 95% CI, P) ‘ Minimally adjusted model (B, 95% CI, P) | Fully adjusted model (B, 95% CI, P)
The most severe BiPN'
Non-baseline PN | 0 0 0
Baseline PN 0.56 (0.24, 0.88) 0.0008 0.51 (0.16, 0.85) 0.0044 0.52 (0.18, 0.86) 0.0037
PN outcome’
Non-baseline PN | 0 0 0
Baseline PN 0.35 (0.15, 0.56) 0.0010 0.36 (0.14, 0.57) 0.0016 0.34 (0.12, 0.56) 0.0034
BE!
Non-baseline PN | 0 0 0
Baseline PN 0.45 (0.09, 0.81) 0.0158 0.33 (~0.03,0.69) 0.0774 0.26 (~0.12, 0.63) 0.1796
Variable Crude model (HR, 95% CI, P) | Minimally adjusted model (HR, 95% CI, P) | Fully adjusted model (HR, 95% CI, P)
PFS?
Non-baseline PN 1 1 1
Baseline PN 2.11 (1.26, 3.53) 0.0045 1.97 (1.15, 3.36) 0.0130 2.05 (1.17, 3.59) 0.0122
0s?
Non-baseline PN 1 1 1
Baseline PN 1.90 (1.09, 3.33) 0.0244 1.81 (1.01, 3.22) 0.0447 1.90 (1.04, 3.47) 0.0381
Table 3. Mutiple regressions analysis between the most severe BiPN/PN outcome/BE/PFS/OS and the
baseline PN. Crude model adjust for: None. Minimally adjusted model adjust for: gender, immunoglobin type,
light chain type. Fully adjusted model adjust for: age, gender, immunoglobin type, light chain type, DS stage,
Creatinine, 32 microglobulin; lactate dehydrogenase; bortezomib dose and administration route. f§ regression
coefficient, PN peripheral neuropathy, BiPN bortezomib induced PN, BE the best efficacy during the inductive
therapy, PFS Progression-free survival, OS overall survival. Statistical methods: 'variable-adjusted multiple
linear regression; *variable-adjusted COX proportional hazards regression.
Conclusion
This study showed that the baseline PN of newly diagnosed MM patients is independently related to the age at
the time of onset. Older MM patients suffered more severe baseline PN. MM patients with baseline PN had more
severe BiPN and worse PN outcome. Additionally, patients with baseline PN had worse PFS/OS than patients
without baseline PN.
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Figure 5. Kaplan-Meier curves (created by Empower Stats and R software, www.empowerstats.com; http://
www.R-project) of progression-free survival (PFS) and overall survival (OS) according to baseline PN. (A)
MM patients with baseline PN had poorer PFS than with non-baseline PN (p=0.0036). (B) Compared to
MM patients with baseline PN, MM patients with non-baseline PN had better OS (p=0.0220). MM multiple
myeloma, PN peripheral neuropathy, PFS progression-free survival, OS overall survival.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.

Received: 1 January 2022; Accepted: 30 May 2022
Published online: 16 June 2022

References

1

w

10.

11.

12.

13.

14.

15.

. Liu, J. et al. Incidence and mortality of multiple myeloma in China, 2006-2016: An analysis of the Global Burden of Disease Study

2016. J. Hematol. Oncol. 12(1), 136 (2019).

. Mateos, M. V. & San Miguel, ]. E. Management of multiple myeloma in the newly diagnosed patient. Hematol. Am. Soc. Hematol.

Educ. Progr. 2017(1), 498-507 (2017).

. Myeloma—Cancer Stat Facts in 2022. https://seer.cancer.gov/statfacts/html/mulmy.html
. Chretien, M. L. et al. Age is a prognostic factor even among patients with multiple myeloma younger than 66 years treated with

high-dose melphalan: The IFM experience on 2316 patients. Haematologica 99(7), 1236-1238 (2014).

. Dos Santos, D. M. C. et al. Age is a prognostic factor for the overall survival of patients with multiple myeloma undergoing upfront

autologous hematopoietic stem cell transplantation. Biol. Blood Marrow Transplant. 26(6), 1077-1083 (2020).

. Yang, Y. et al. Emerging agents and regimens for multiple myeloma. J. Hematol. Oncol. 13(1), 150 (2020).
. Zamagni, E., Barbato, S. & Cavo, M. How I treat high-risk multiple myeloma. Blood 139, 2889 (2021).
. Fowler, S. et al. The future of myeloma research in Canada and beyond: Results of a James Lind Alliance priority setting partner-

ship. Br. J. Haematol. 196, €52 (2021).

. Sanchez, L. et al. Peripheral neuropathy symptoms, pain, and functioning in previously treated multiple myeloma patients treated

with selinexor, bortezomib, and dexamethasone. Am. J. Hematol. 96(10), E383-E386 (2021).

Oortgiesen, B. E. et al. High prevalence of peripheral neuropathy in multiple myeloma patients and the impact of vitamin D levels,
a cross-sectional study. Support Care Cancer 30, 271 (2021).

Dispenzieri, A. & Kyle, R. A. Neurological aspects of multiple myeloma and related disorders. Best Pract. Res. Clin. Haematol.
18(4), 673-688 (2005).

Mosquera Orgueira, A. et al. Survival prediction and treatment optimization of multiple myeloma patients using machine-learning
models based on clinical and gene expression data. Leukemia 35(10), 2924-2935 (2021).

Pancheri, E. et al. Non-hematologic toxicity of bortezomib in multiple myeloma: The neuromuscular and cardiovascular adverse
effects. Cancers (Basel) 12(9), 2540 (2020).

Rajkumar, S. V. et al. International Myeloma Working Group updated criteria for the diagnosis of multiple myeloma. Lancet Oncol.
15(12), e538-€548 (2014).

Kumar, S. K. et al. NCCN guidelines insights: Multiple myeloma, version 1.2020. J Natl. Compr. Cancer Netw. 17(10), 1154-1165
(2019).

Scientific Reports |

(2022) 12:10061 | https://doi.org/10.1038/s41598-022-13935-2 nature portfolio


https://seer.cancer.gov/statfacts/html/mulmy.html
http://www.empowerstats.com
http://www.R-project
http://www.R-project

www.nature.com/scientificreports/

16. Richardson, P. G. et al. Management of treatment-emergent peripheral neuropathy in multiple myeloma. Leukemia 26(4), 595-608
(2012).

17. Ropper, A. H. & Gorson, K. C. Neuropathies associated with paraproteinemia. N. Engl. J. Med. 338(22), 1601-1607 (1998).

18. Richardson, P. G. et al. Single-agent bortezomib in previously untreated multiple myeloma: Efficacy, characterization of peripheral
neuropathy, and molecular correlations with response and neuropathy. J. Clin. Oncol. 27(21), 3518-3525 (2009).

19. LeBlanc, R. et al. Management of myeloma manifestations and complications: The cornerstone of supportive care: Recommendation
of the Canadian Myeloma Research Group (formerly Myeloma Canada Research Network) Consensus Guideline Consortium.
Clin. Lymphoma Myeloma Leuk. 22, e41 (2021).

20. Moore, D. C. et al. Impact of body mass index on the incidence of bortezomib-induced peripheral neuropathy in patients with
newly diagnosed multiple myeloma. Clin. Lymphoma Myeloma Leuk. 20(3), 168-173 (2020).

21. Azoulay, D. et al. Prediction of chemotherapy-induced peripheral neuropathy in patients with lymphoma and myeloma: The roles
of brain-derived neurotropic factor protein levels and a gene polymorphism. J. Clin. Neurol. 15(4), 511-516 (2019).

22. Leone, C. et al. An observational study assessing peripheral neuropathy related to multiple myeloma. Neurol. Sci. 37(7), 1141-1143
(2016).

23. Montefusco, V. et al. Old and new generation proteasome inhibitors in multiple myeloma. Panminerva Med. 62(4), 193-206 (2020).

24. Biliniska, M., Usnarska-Zubkiewicz, L. & Pokryszko-Dragan, A. Bortezomib-induced painful neuropathy in patients with multiple
myeloma. Contemp. Oncol. (Pozn) 17(5), 421-426 (2013).

25. Schlafer, D. et al. Safety of proteasome inhibitors for treatment of multiple myeloma. Expert Opin. Drug Saf. 16(2), 167-183 (2017).

26. Campo, C. et al. Bortezomib-induced peripheral neuropathy: A genome-wide association study on multiple myeloma patients.
Hematol. Oncol. 36(1), 232-237 (2018).

27. Yan, W. et al. The molecular and cellular insight into the toxicology of bortezomib-induced peripheral neuropathy. Biomed. Phar-
macother. 142, 112068 (2021).

28. Salwender, H. et al. Long-term follow-up of subcutaneous versus intravenous bortezomib during induction therapy for newly
diagnosed multiple myeloma treated within the GMMG-MMS5 Phase III Trial. Leukemia 35(10), 3007-3011 (2021).

29. Ferdousi, M. et al. Corneal confocal microscopy detects small fibre neuropathy in patients with upper gastrointestinal cancer and
nerve regeneration in chemotherapy induced peripheral neuropathy. PLoS ONE 10(10), e0139394 (2015).

30. Ferrari, G., Gemignani, F. & Macaluso, C. Chemotherapy-associated peripheral sensory neuropathy assessed using in vivo corneal
confocal microscopy. Arch. Neurol. 67(3), 364-365 (2010).

31. Awada, H. et al. A comprehensive review of the genomics of multiple myeloma: Evolutionary trajectories, gene expression profiling,
and emerging therapeutics. Cells 10(8), 1961 (2021).

32. Sonneveld, P. et al. Consolidation and maintenance in newly diagnosed multiple myeloma. J. Clin. Oncol. 39(32), 3613-3622 (2021).

33. Shimazu, Y. et al. Improved survival of multiple myeloma patients treated with autologous transplantation in the modern era of
new medicine. Cancer Sci. 112, 5034 (2021).

Acknowledgements
The authors are grateful to the other members in Bone Marrow Transplantation Center, The First Affliated
Hospital, School of Medicine, Zhejiang University for helpful discussions.

Author contributions

Z.C. designed research, and guided the project processing and the paper writing. M.D. performed the clinic
data collection, analyzed data and wrote the paper. J.Z. analyzed data and wrote the paper. X.H., ].H. and G.Z.
provided the patient cases.

Funding
This work was supported by National Natural Science Foundation of China (82100212,
81800201, 81800202 and 81872322), Zhejiang Provincial Natural Science Foundation Key Project (LZ22H160009).

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-022-13935-2.

Correspondence and requests for materials should be addressed to Z.C.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

= License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:10061 | https://doi.org/10.1038/s41598-022-13935-2 nature portfolio


https://doi.org/10.1038/s41598-022-13935-2
https://doi.org/10.1038/s41598-022-13935-2
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Baseline peripheral neuropathy was associated with age and a prognostic factor in newly diagnosed multiple myeloma patients
	Methods
	Data collection. 
	Statistical analysis. 
	Ethics approval and consent to participate. 

	Results
	Age was independently associated with baseline PN in MM patients. 
	MM patients with baseline PN had more severe BiPN and worse PN outcome. 
	PFS and OS were worse in MM patients with baseline PN than those without baseline PN. 

	Discussion
	Conclusion
	References
	Acknowledgements


