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Abstract
Aims/BackgroundMultiple myeloma (MM) presents several underlying mechanisms of immune dys-
function. Advanced research on these mechanisms has introduced new drugs for MM into clinical
practice. However, several challenges occur, particularly in cases of relapsed and refractory MM. In
recent years, bortezomib has been recognized, for its anti-myeloma effect in both newly identified and
refractory MM patients, but its mechanism of action on MM remains unexplored. Consequently, this
study aims to explore the influence of bortezomib on coagulation function, renal function, immune
function, and related indexes of nuclear transcription factor-κB (NF-κB) pathway in MM patients.
Methods This retrospective study analyzed 120 MM patients admitted to the First People’s Hospital
of Nantong, China, between August 2018 and August 2023. Based on different treatment methods,
patients were divided into a control group (thalidomide, cyclophosphamide, and dexamethasone (TCD),
58 cases) and an observation group (TCD regimen and bortezomib, 62 cases). The therapeutic efficacy
of the drug was observed, and the levels of blood indexes, coagulation function indexes, NF-κB related
indexes, renal function indexes and immunosuppressive factors were compared between the groups
both before and after treatment.
ResultsTherewere no significant differences in disease control rate (DCR) between the two groups (p>
0.05). After treatment, the objective response rate (ORR) and the hemoglobin levels were significantly
higher in the observation group than in the control group, with lower M protein levels (p < 0.05).
Furthermore, the prothrombin time (PT), the activated partial thromboplastin time (APTT), fibrinogen
(FIB) values, NF-κB expression levels, β2-microglobulin (β2-MG) levels, blood urea nitrogen (BUN),
serum creatinine (Scr), transforming growth factor-β (TGF-β), interleukin-6 (IL-6) and interleukin-17
(IL-17) levels were substantially decreased in the observation group compared to the control group (p
< 0.001). Additionally, the progression-free survival rate was significantly higher in the observation
group than in the control group (p < 0.001). However, no significant difference was observed in the
overall survival (OS) rate between the two groups (p > 0.05). Moreover, the median progression-free
survival (PFS) time was 11.95 months in the observation group and 9 months in the control group, while
the median OS time was 11.7 months in the control group.
Conclusion In summary, bortezomib treatment improves coagulation and renal function inMMpatients.
Furthermore, it helps reduce immune suppression, prolong survival time, and inhibit the NF-κBpathway
activation.
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Introduction
Multiple myeloma (MM) is characterized by plasma cell dysplasia within the

bone marrow. The majority of MM patients present with various clinical mani-
festations, such as multiple lytic lesions, anemia, hypercalcemia, and renal damage
manifestations (Bruno et al, 2024). Presently, treatment approaches include surgery
and chemotherapy. However, achieving an adequate therapeutic response remains
challenging for some patients (Pasvolsky et al, 2022). In recent years, bortezomib,
a new proteasome inhibitor targeting myeloma cells, has shown efficacy by reduc-
ing the degradation of nuclear transcription factor-κB (NF-κB) inhibitor, inhibiting
the expression of proliferation-related genes, and alleviating the levels of adhesion
factors, ultimately promoting myeloma cell apoptosis (Zhou et al, 2020).

Research has revealed that bortezomib mediates anti-myeloma effects by in-
hibiting the activation of NF-κB and directly inducing apoptosis in drug-resistant
and relapsedMM cells (Lobbes et al, 2018). While its anti-myeloma effect is newly
diagnosed and refractory MM is well recognized, the specific underlying mecha-
nism remains unexplored. Hence, this study aims to explore the therapeutic effect
of bortezomib in MM by assessing its impact on coagulation function, renal func-
tion, immune function, and the NF-κB pathway.

Methods
Recruitment of Study Participants

This retrospective study recruited 120 MM patients admitted to Nantong First
People’s Hospital, China, between August 2018 and August 2023. Based on treat-
ment differences, patients were divided into a control group (thalidomide, cyclophos-
phamide, and dexamethasone (TCD), 58 cases) and an observation group (TCD
regimen and bortezomib, 62 cases). All patients provided informed consent, and
this study followed the guidelines of the Declaration of Helsinki. Furthermore, this
study was approved by theMedical Ethics Committee of the First People’s Hospital
of Nantong (Approval number: 2024KT130).

The sample sizewas estimated using PASS software 15.0.5 (NCSSCo., Kaysvi-
lle, UT, USA), applying an independent sample t-test. The effect size for dynamic
functional connectivity was 0.5, with a significance level (α) of 0.05 and a statisti-
cal power of (1-β) of 0.8. Hence, the required sample size was calculated to be 55
cases per group and considering a potential loss rate of 5%–10%, a cohort of 120
MM patients was included in the final analysis.

Inclusion and Exclusion Criteria
The inclusion criteria were set as follows: (1) Individuals diagnosed as MM

patients using the criteria established by the Chinese Medical Doctor Association
Hematology Physicians Branch et al (2017), qualifying at least one of the following:
bone marrow plasma cells >15% with primitive or naive plasma cells, biopsy con-
firmation of plasma cell neoplasm, or urinary clonal immunoglobulin light chain
>1 g/24 hours. (2) Age ranged from 40 to 70 years. (3) Patients with international
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staging system (ISS) stage I or II. (4) Patients gave informed consent and had com-
plete clinical data. (5) Newly diagnosed patients.

However, patients with (1) coagulation disorders, (2) severe cardiovascular dis-
eases, (3) drug allergies, (4) liver and kidney diseases unrelated to MM, (5) primary
renal disease, (6) autoimmune diseases, (7) a history of bortezomib treatment, and
(8) history of surgical treatment were excluded from the study cohort.

Treatment Protocols
The control group underwent routine treatment with a TCD regimen, includ-

ing cyclophosphamide (Jilin Haitong Pharmaceutical Co., Ltd., Tonghua, China),
dexamethasone (Chongqing Kerui Pharmaceutical (Group) Co., Ltd., Chongqing,
China) and thalidomide (Dandong medical innovation Pharmaceutical Co., Ltd,
Dandong, China). The treatment protocol was as follows: thalidomide (100 mg/d)
and cyclophosphamide (300 mg/m2) were administered on day 1, 8, and 15, while
dexamethasone (40 mg) on day 1, 8, 15, and 22. The treatment continued for 12 cy-
cles, with each cycle lasting 28 days. Additionally, maintenance treatment included
thalidomide 100–200 mg/ day, administered once every 2 weeks. However, the
observation group received bortezomib in addition to TCD treatment. Bortezomib
(Xi’an Janssen Pharmaceutical Co., Ltd., Xi’an, China) was infused subcutaneously
at a dose of 1.3 mg/m2 on days 1, 4, 8, and 11 of each cycle.

Evaluation of Clinical Efficacy
The clinical efficacy was evaluated based on IMWG criteria (Durie et al, 2006).
Complete response (CR) patients were assessed as follows: negative serum and

urine immunofixation electrophoresis, disappearance of soft tissue plasmacytomas,
bone marrow plasma cells less than 5%, and normal serum-free light chains (FLC)
ratio.

Partial response (PR) patients had serum M protein reduction of ≥50% and
24-hour urinary M protein reduction of >90% or <200 mg. If serum and urine
M protein were not detectable, a reduction of >50% in the difference between in-
volved and uninvolved serum-free light chains were used as an alternative criterion.
If serum and urine M protein and serum FLC were undetectable and the baseline
bone marrow plasma cell ratio exceeded>30%, a reduction of>50% in bone mar-
row plasma cells was used as an alternative to replace theM protein criterion. Addi-
tionally, for patients with baseline soft tissue plasmacytomas, a reduction of>50%
in the sum of the products of perpendicular diameters (SPD) of measurable lesions
was required.

Patients with a progressive disease (PD) had serum M protein increased by
25%. If the lowest M protein value was ≥5 g/dL, an absolute increase of >1 g/dL
was required. Urinary M protein increased by 25%, and the difference between in-
volved and uninvolved serum FLC increased by 25%, with an absolute increase of
>10 mg/dL. PD patients exhibited a 25% increase in bone marrow plasma cell pro-
portion, with an absolute increase of ≥10%. Patients with newly emerged lesions
or >50% increase in the sum of the SPD of existing measurable lesions compared
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to the lowest value, or an increase of ≥1 cm in existing lesions were considered.
Furthermore, they had a >50% increase recorded in circulating plasma cells.

In the case of stable disease (SD), the reduction in target lesions didn’t reach the
criteria for PR, and the increase didn’t qualify as PD, placing the patient between
these two categories.

Finally, the response rate was assessed as follows: Objective response rate
(ORR) = CR + PR, disease control rate (DCR) = CR + PR + SD.

Observational Indicators
Observational indicators assessed across the study cohort were as follows:
(1) Immunophenotypic analysis: Immunophenotyping was conducted using

the Epics XL flow cytometry (Beckman Coulter Trading, Shanghai, China).
(2) Blood parameters: Serum hemoglobin and M protein levels were deter-

mined using the BK-400 fully automatic biochemical analyzer (Biobase, Jinan,
China).

(3) Coagulation function indexes: Serum prothrombin time (PT), activated par-
tial thromboplastin time (APTT), and fibrinogen (FIB) levels were detected using
the CA-7000 automatic coagulation analyzer (Sysmex, Shanghai, China).

(4) NF-κB related indicators: Within 24 hours of admission, 3 mL of fasting
venous blood sample was collected and centrifuged at a rate of 3000 r/min. The
white blood cells from the middle buffy coat layer were collected using a sterile
dropper, resuspended in 5 mL of sterile phosphate buffer solution (PBS), and mixed
with 15mL of lymphocyte separation fluid. After that, the cloud-like buffy coat was
carefully obtained and transferred to a new sterile centrifuge tube. Following the
addition of 10 mL sterile PBS, the samples were centrifuged to obtain mononuclear
cells.

The expression levels of NF-κBmRNA in mononuclear cells were assessed us-
ing qRT-PCR. Total RNAwas extracted using TRIzol reagent (Invitrogen, V13241,
Waltham, MA, USA) and reverse-transcribed into cDNA employing a reverse tran-
scription kit (Dalian Bao Bioengineering Co., Ltd., KB37030, Dalian, China). qRT-
PCRwas performed using the IQ5 fluorescence quantitative PCR instrumentABI7500
(Bio-Rad, Hercules, CA, USA). qRT-PCR reagents were obtained from Bio-Rad
Laboratories, Inc (4316567, Bio-Rad, Hercules, CA,USA) and the primer sequences
were synthesized by Shanghai Bioengineering Technology Co., Ltd. (Table 1). The
reaction conditions were as follows: 95 °C for 30 seconds (1 cycle) followed by
45 cycles of 95 °C for 5 seconds and annealing at 60 °C for 30 seconds. β-actin
was used as the internal reference gene, and NF-κB mRNA expression levels were
quantified using the 2−∆∆ct method. For NF-κB protein expression analysis, pe-
ripheral blood mononuclear cells were isolated from 2 mL heparin-added venous
blood using lymphocyte separation solution followed by nuclear protein isolation
employing a nuclear protein extraction reagent under ice bath condition. In the fol-
lowing step, nuclear proteins were quantified, and NF-κB activity was determined
using TransAMTM-P65 ELISA Kits (Active Motif, 573019, Carlsbad, CA, USA).

(5) Renal function indicators: serum creatinine (SCr) and blood urea nitro-
gen (BUN) were assessed using the automatic biochemical analyzer, and serum β2-
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Table 1. Primer sequences used in qRT-PCR.

Forward (5′-3′) Reverse (5′-3′)

NF-κB CAAGGACATGGTGGTCGGCTTC CGCCTCTGTCATTCGTGCTTCC
β-actin CCTGGCACCCAGCACAAT GGGCCGGACTCGTCATAC
Note: NF-κB, nuclear transcription factor-κB.

microglobulin (β2-MG) was determined using ELISA (E-ELH1123; E-ELH1475;
E-ELH0359, Merck & Co., Inc., Kenilworth, NJ, USA).

(6) Immunosuppressive factors: interleukin-6 (IL-6), interleukin-17 (IL-17),
and transforming growth factor-β (TGF-β) levels were detected using ELISA be-
fore and after treatment (E-ELH0196, E-ELH2438, E-ELH1476,Merck&Co., Inc.,
Kenilworth, NJ, USA).

(7) Prognosis: All patients were followed for 12months from the time of enroll-
ment, or until death. The progression-free survival (PFS) rate and overall survival
(OS) rate were determined for both groups, with the median PFS and median OS
times recorded. PFS was defined as the time between the start of treatment and
disease progression or patient’s death. OS survival time was defined as the time
from death due to any cause.

(8) Adverse reactions: The incidence of adverse reactions such as diarrhea, nau-
sea, neuropathic pain, and abdominal pain during treatment were also documented.

Statistical Analysis
Statistical analysis was conducted using SPSS 22.0 software (International

Business Machines Corporation, Armonk, NY, USA). Categorical data were ex-
pressed as n (%), and the differences between groups were compared using the
χ2 test or chi-square correction test. The Shapiro-Wilk Test was applied to de-
termine whether the measurement data followed a normal distribution. Normally
distributed data were expressed as (x̄ ± s), with a t-test applied for group compar-
isons, an independent sample t-test for inter-group comparison, and paired sample
t-test for intra-group comparison. The Kaplan-Meier survival curve was generated
using GraphPad Prism 5 software (GraphPad software Corporation, San Diego, CA,
USA). The cumulative survival between groups was compared using the log-rank
χ2 test. A p-value of <0.05 was considered statistically significant, and all tests
were two-sided.

Results
Comparison of Baseline Data between the Two Groups

As detailed in Table 2, no significant differences were observed in immunophe-
notype as well as in other clinical data between the two groups (p > 0.05).

Comparison of the Clinical Efficacy between the Two Groups
The ORR in the observation group was significantly higher than in the con-

trol group (p = 0.030). However, no significant difference in DCR was observed
between the two groups (p = 0.079, Table 3).

5 British Journal of Hospital Medicine | 2025 | https://doi.org/10.12968/hmed.2024.0701

https://www.magonlinelibrary.com/journal/hmed
https://doi.org/10.12968/hmed.2024.0701


ARTICLEARTICLEARTICLE

Table 2. Comparison of baseline data between the two groups (x̄ ± s), n (%).

Baseline characteristic Observation group (n = 62) Control group (n = 58) χ2/t p

Gender 0.089 0.765
Male 39 (62.90) 38 (65.52)
Female 23 (37.10) 20 (34.48)

Age (x̄ ± s) 57.52 ± 6.03 58.19 ± 6.47 0.587 0.558
BMI (kg/m2) 21.53 ± 1.79 21.85 ± 1.82 0.971 0.334
ISS stage 0.294 0.588
I stage 33 (53.23) 28 (48.28)
II stage 29 (46.77) 30 (51.72)

Immunophenotyping 0.338 0.845
IgG 29 (46.77) 29 (50.00)
IgA 19 (30.65) 15 (25.86)
Light chain 14 (22.58) 14 (24.14)

Note: Control group: thalidomide, cyclophosphamide, and dexamethasone (TCD) regimen treat-
ment; Observation group: TCD regimen treatment and bortezomib treatment (same in the table
below). BMI, body mass index; ISS, international staging system; IgG, immunoglobulin G; IgA,
immunoglobulin A.

Table 3. Comparison of clinical efficacy between the groups (n (%)).

Experimental group n CR PR SD PD ORR DCR

Observation group 62 17 (27.42) 27 (43.55) 13 (20.97) 5 (8.06) 44 (70.97) 57 (91.94)
Control group 58 12 (20.69) 18 (31.03) 17 (29.31) 11(18.97) 30 (51.72) 47 (81.03)
χ2 0.741 2.002 1.112 3.082 4.694 3.082
p 0.389 0.157 0.292 0.079 0.030 0.079
CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR,
objective response rate; DCR, disease control rate.

Table 4. Comparison of blood-related indexes between the two groups (x̄ ± s, g/L).

Experimental group n Hemoglobin M protein

Before treatment After treatment Before treatment After treatment

Observation group 62 71.39 ± 5.24 112.01 ± 15.16∗ 57.41 ± 9.04 18.39 ± 3.75∗
Control group 58 70.46 ± 5.69 98.85 ± 17.38∗ 57.96 ± 9.62 23.05 ± 4.62∗
t 0.932 4.428 0.323 6.084
p 0.353 <0.001 0.747 <0.001
Note: ∗p < 0.05, compared to the same group before treatment.

Comparison of Blood-Related Indexes between the Two Groups
Before treatment, blood-related indexes were comparable between the two

groups (p > 0.05). After treatment, the hemoglobin level in both groups higher
than before treatment levels (p < 0.05). After treatment, the levels of M protein in
both groups were significantly reduced after treatment than those before treatment
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Table 5. Comparison of coagulation function indexes between the two groups (x̄ ± s).

Experimental group n PT (s) APTT (s) FIB (g/L)

Before treatment After treatment Before treatment After treatment Before treatment After treatment

Observation group 62 13.59 ± 1.34 11.01 ± 1.53∗ 36.09 ± 2.50 23.13 ± 2.19∗ 4.47 ± 0.59 3.64 ± 0.51∗
Control group 58 13.70 ± 1.25 12.18 ± 1.76∗ 36.95 ± 2.43 25.02 ± 2.24∗ 4.50 ± 0.43 3.99 ± 0.38∗
t 0.464 3.893 1.909 4.672 0.316 4.240
p 0.643 <0.001 0.059 <0.001 0.752 <0.001
Note: Control group: TCD regimen treatment; observation group: TCD regimen treatment and bortezomib treatment. PT, prothrom-
bin time; APTT, activated partial thromboplastin time; FIB, fibrinogen. ∗p < 0.05, compared to the same group before treatment.
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Table 6. Comparison of the NF-κB pathway-related indicators between the two groups (x̄ ±
s).

Experimental group n NF-κB mRNA NF-κB (ng/µL)

Before treatment After treatment Before treatment After treatment

Observation group 62 1.10 ± 0.25 0.29 ± 0.05∗ 15.13 ± 2.46 6.79 ± 1.10∗
Control group 58 1.05 ± 0.18 0.51 ± 0.10∗ 15.08 ± 2.13 7.51 ± 0.96∗
t 1.250 15.391 0.119 3.809
p 0.214 <0.001 0.906 <0.001
Note: Control group: TCD regimen treatment; observation group: TCD regimen and bortezomib
treatment. ∗p < 0.05, compared to the same group before treatment.

(p < 0.05). After treatment, the hemoglobin level in the observation group was
higher than in the control group (p < 0.001), while the levels of M protein in the
observation group were decreased (p < 0.001, Table 4).

Comparison of Coagulation Function Indexes between the Two Groups
There was no significant difference in coagulation function between the two

groups before treatment (p> 0.05). After treatment, the PT, APTT values, and FIB
levels in both groups were lower than before treatment levels (p < 0.05). After
treatment, the PT, APTT values, and FIB levels were significantly reduced in the
observation group than in the control group (p < 0.001, Table 5).

Comparison of the NF-κB Pathway-Related Indicators between the Two
Groups

Before treatment, no significant differenceswere observed in theNF-κBpathway-
related indicators between the two groups (p > 0.05). After treatment, the expres-
sion levels of NF-κB mRNA and NF-κB protein were decreased in both groups
compared to before treatment (p < 0.05). Additionally, after treatment, the expres-
sion levels of NF-κBmRNA and NF-κB protein were significantly decreased in the
observation group than in the control group (p < 0.001, Table 6).

Comparison of Renal Function Indexes between the Two Groups
Before treatment, renal function indexes were comparable between the two

groups (p > 0.05). However, after treatment, SCr, BUN, and β2-MG levels were
significantly reduced in both groups than those before treatment (p < 0.05). Fur-
thermore, after treatment, SCr, BUN, and β2-MG levels were decreased in the ob-
servation group than in the control group (p < 0.001, Table 7).

The Levels of Disease-Related Immunosuppressive Factors in Both Groups
Before treatment, there were no significant differences in the levels of immuno-

suppressive factors between the two groups (p > 0.05). However, after treatment,
the levels of IL-6, IL-17, and TGF-β were significantly lower in the two groups
than those before treatment (p < 0.05). Additionally, after treatment, the levels of
IL-6, IL-17 and TGF-β were decreased in the observation group compared to the
control group (p < 0.001, Table 8).
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Table 7. Comparison of the renal function indexes between the two groups (x̄ ± s).

Experimental group n SCr (µmol/L) BUN (mmol/L) β2-MG (mg/L)

Before treatment After treatment Before treatment After treatment Before treatment After treatment

Observation group 62 118.54 ± 18.69 81.79 ± 6.94∗ 13.15 ± 1.95 6.97 ± 1.13∗ 11.59 ± 2.14 4.12 ± 0.86∗
Control group 58 119.08 ± 18.13 89.53 ± 6.39∗ 13.02 ± 2.17 8.15 ± 0.98∗ 11.63 ± 2.06 4.78 ± 0.91∗
t 0.160 6.343 0.346 6.093 0.104 4.085
p 0.873 <0.001 0.730 <0.001 0.917 <0.001
Note: SCr, serum creatinine; BUN, blood urea nitrogen; β2-MG, β2-microglobulin. ∗p < 0.05, compared to the same group before
treatment.

Table 8. Comparison of disease-related immunosuppressive factors between the two groups (x̄ ± s).

Experimental group n IL-6 (pg/mL) IL-17 (pg/mL) TGF-β (µg/mL)

Before treatment After treatment Before treatment After treatment Before treatment After treatment

Observation group 62 146.41 ± 13.05 75.95 ± 7.76∗ 171.38 ± 18.24 98.54 ± 18.02∗ 3.15 ± 0.57 1.39 ± 0.25∗
Control group 58 143.09 ± 14.67 86.14 ± 7.35∗ 170.24 ± 17.61 119.69 ± 19.37∗ 3.19 ± 0.43 1.82 ± 0.31∗
t 1.312 7.374 0.348 6.197 0.432 8.389
p 0.192 <0.001 0.729 <0.001 0.667 <0.001
Note: IL-6, interleukin-6; IL-17, interleukin-17; TGF-β, transforming growth factor-β. ∗p < 0.05, compared to the same group before
treatment.
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Table 9. Survival rate analysis in both the study groups (n (%)).
Experimental group n PFS rate OS rate

Observation group 62 29 (46.77) 41 (66.13)
Control group 58 11 (18.97) 28 (48.28)
Log-rank χ2 12.690 3.505
p <0.001 0.061
PFS, progression-free survival; OS, overall survival.

Table 10. Comparison of adverse outcome rates between the two groups (n (%)).

Experimental group n Diarrhea Nausea Neuropathic
pain

Abdominal pain
and distension

Dizziness Total incidence

Observation group 62 1 (1.61) 1 (1.61) 1 (1.61) 1 (1.61) 0 (0.00) 4 (6.45)
Control group 58 0 (0.00) 0 (0.00) 0 (0.00) 1 (1.72) 1 (1.72) 2 (3.45)
χ2 0.112
p 0.737

Survival Rate Analysis in Patients across Both Groups
The progression-free survival rate was substantially higher in the observation

group than in the control group (p < 0.001, Table 7). However, no significant
difference was found in the OS rate between the two groups (p = 0.061, Table 9).
Moreover, the median PFS time was 11.95 months in the observation group and 9
months in the control group. Furthermore, the median OS time was 11.7 months
in the control group, while it exceeded 50% in the observation group where the
median OS time was not reached (Fig. 1).

Fig. 1. Comparison of the survival rate between the two groups.

Assessing the Rate of Adverse Outcomes across Both Study Groups
These analyses revealed that the incidence of adverse outcomes was compa-

rable between the two groups, indicating insignificant differences (p > 0.05, Ta-
ble 10).
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Discussion
In the early stage, patients with symptoms like fever, urine abnormalities, or

lower back and leg pain can be misdiagnosed as respiratory diseases or nephritis,
delaying accurate diagnosis and prompt intervention (Beer et al, 2021). Currently,
there is no curative method for this disease. The primary treatment options include
chemotherapy or surgical interventions, which focus on eliminating tumor cells and
managing or alleviating clinical manifestations resulting from tumor cell prolifera-
tion (Dolph et al, 2021).

Bortezomib, a dipeptidyl borate analogue, is a synthetic and cytotoxic pro-
teasome inhibitor that acts on the bone marrow microenvironment and ubiquitin-
proteasome channel, thereby disrupting the adhesion of myeloma cells, promot-
ing apoptosis, and impacting drug resistance (Duggan et al, 2020; Thompson et al,
2020). Previous research has revealed that novel agents such as bortezomib have
improved survival outcomes inMMpatients, further validating its therapeutic effec-
tiveness (Sonneveld et al, 2024). However, our results suggest that this treatment
did not substantially improve the therapeutic outcomes, which contrast with a pre-
vious study (Leleu et al, 2024). This difference may be due to the small sample
size, necessitating further investigation.

In clinical practice, increased M protein levels and decreased hemoglobin lev-
els are commonly used diagnostic criteria for MM (Hideshima et al, 2024). More-
over, a study has found that malignant plasma cells can disrupt platelet production
and function either by infiltrating the bone marrow or secreting M protein (Lei et
al, 2023). This study suggests that bortezomib treatment effectively reduces M pro-
tein levels and alleviates anemia in MM patients. A recent study has reported that
increased activity of NF-κB is associated with the enhanced survival ability of MM
cells, with chemotherapy-resistant and recurrent-prone MM cell lines demonstrat-
ing significantly elevated NF-κB activity (Walter et al, 2022). Persistent activation
of NF-κB plays a crucial role in MM pathogenesis (Qu et al, 2022), as it enhances
the expression of adhesion molecules, promotes myeloma precursor cell homing,
and stimulates tumor cell-induced production of growth factors. Through adhesion
to extracellular matrix proteins and bone marrow stromal cells, NF-κB-mediated
IL-6 secretion induces various signaling pathways, promoting the extensive prolif-
eration of myeloma cells and the progression of the disease (Yi et al, 2021). This
study indicates that bortezomib inhibits NF-κB activity in MM treatment. This in-
hibition is likely due to bortezomib’s ability to reduce the transcriptional regulatory
activity of the NF-κB signaling pathway by suppressing the ubiquitin-proteasome
pathway, ultimately alleviating the degradation of IkB, an NF-κB inhibitor (Yimer
et al, 2019).

A recent study has shown that coagulation disorders are closely related to tu-
mors and can directly reflect the changes of the disease, and the biological behavior
of tumor cells in hypercoagulable state is more likely to become malignant (Dash et
al, 2020). Thus, early identification and intervention of hypercoagulability in ma-
lignant tumors are particularly essential. PT and APTT are commonly used to eval-
uate the coagulation status, while fibrinogen acts as a sensitive coagulation index,
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with its level reflecting the body’s coagulation status (Lu et al, 2023), Research has
demonstrated that fibrinogen levels are linked to the prognosis of various tumors,
such as acute leukemia and lymphoma (Yu et al, 2024). Our findings indicate that
bortezomib treatment effectively improves coagulation function in MM patients.
This outcome is primarily due to bortezomib’s ability to upregulate the expression
of endothelial thrombomodulin, thereby enhancing the ability of endothelial cells
to activate protein C and exerting an anticoagulant effect.

The most common and typical clinical manifestation of MM is renal damage.
This occurs due to the filtration of a large number of monoclonal immunoglobulin
light chains through the glomeruli, resulting in their deposition in the renal tubules,
as well as hypercalcemia and other related factors, ultimately leading to renal dys-
function (Mikhael et al, 2021). Our study reveals that bortezomib treatment can
improve renal function in MM patients. Bortezomib, a new targeted therapy, is a
reversible inhibitor of 26S proteasome that effectively prevents the rapid degrada-
tion of intracellular proteins, thereby reducing the deposition of immunoglobulin
in renal tubules. Furthermore, it impairs specific ubiquitin-proteasome channels,
effectively blocking cell cycle progression and promoting apoptosis in tumor cells
(Ailawadhi et al, 2024). β2-MG is a low-molecular-weight globulin secreted by
platelets, lymphocytes, and white blood cells, with primary excretion through the
kidneys (Atef et al, 2021). Moreover, patients with MM often experience renal
failure, leading to elevated serum β2-MG levels compared to healthy individuals.
When the disease improves, serum β2-MG levels decrease, indicating renal func-
tion recovery and overall clinical improvement.

Clinical data show thatMMpatients exhibit immune dysfunction. Immunoglob-
ulin antibodies are abnormally secreted inMMpatients, who lack immune response
functionality and may even inhibit immune function to some extent (Brugnara,
2023). In this study, IL-6 and other immunosuppressive factors were selected as
indicators to monitor the progression or improvement of MM. Myeloma cells are
a crucial source of IL-6, a cytokine that plays a vital role in immune regulation by
effectively promoting the proliferation of T cells and activated B cells (Gulubova
et al, 2024). Additionally, previous research has indicated that IL-17 in the serum
promotes tumor cell growth through receptor-mediated adhesion to stromal cells,
highlighting its role in both tumor progression and anti-tumor immunity (Yi et al,
2021). Furthermore, TGF-β, an immunosuppressive factor secreted by cancer cells
and regulatory T cells, reflects the degree of tumor-induced tumor inhibition (Lud-
wig et al, 2021). This study indicates that bortezomib treatment for MM reduces
immunosuppression, a critical mechanism underlying its anti-tumor effects. By re-
ducing immunosuppressive microenvironment, bortezomib alleviates immune sup-
pressive and ultimately reduces tumor burden.

A previous study has indicated an increased rate of adverse effects with borte-
zomib treatment in MM patients (Lobbes et al, 2018). However, the results of
this study differ from previous studies, which may be due to the small sample size
(Lobbes et al, 2018). Therefore, further investigations involving large sample sizes
are warranted to validate these findings and reduce potential biases.
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Conclusion
In summary, bortezomib treatment improves coagulation and renal function

in MM patients. Furthermore, it reduces immune suppression, prolongs survival
time, and inhibits the NF-κB pathway activation, emerging as a primary therapeutic
option.

Key Points
• Bortezomib improves coagulation function in patients with multiple my-

eloma.
• Bortezomib improves renal function in patients with multiple myeloma.
• Bortezomib in treating multiple myeloma reduces the level of immuno-

suppression.
• Bortezomib inhibits NF-κB pathway activation in the treatment of multi-

ple myeloma.
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