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A B S T R A C T   

Background: Even with significant advancements, treating multiple myeloma (MM) remains 
difficult. At present, the main treatment methods include combined treatment of stem cell 
transplantation, drug treatment, etc. With the clarification of the molecular biological mechanism 
of MM, as well as the in-depth study of the internal signal of myeloma cells and the microenvi
ronment of MM patients, more and more new drugs targeting myeloma and microenvironment 
are gradually used in clinical maintenance treatment, such as inhibit the proteosome: ixazomib, 
bortezomib and carfilzomib, immune - modulators: thalidomide and lenalidomide, monoclonal 
antibodies, etc. have made great progress in MM maintenance treatment. With the continuous 
development of proteasome inhibitor maintenance treatment in MM, the prognosis of the disease 
has been significantly improved. Our aim is to evaluate the effectiveness and adverse reactions of 
proteasome inhibitors in maintenance therapy for multiple myeloma, providing new ideas for 
clinical medication. 
Methods: Four databases containing randomized controlled studies on the effectiveness and safety 
of proteasome inhibitors in the maintenance therapy of multiple myeloma are retrieved by the 
computer. Once the quality of the literature has been thoroughly evaluated, run the data via the 
RevMan 5.3 software. 
Results: Eventually 8 studies were added in this systematic review. Compared with the placebo 
group, proteasome inhibitor in maintenance treatment of multiple myeloma patients with pro
longed the survival without progression and overall existence. 5 studies reported the peripheral 
neuropathy of multiple myeloma in the treatment group compared to placebo group, which was 
remarkably greater (OR: 1.98; 95 % Cl: 1.35, 2.92; P < 0.001) compared to placebo group, 
Serious adverse events (OR: 1.60; 95 % Cl: 1.19, 2.14; P < 0.01), Rash (OR: 2.23; 95 % Cl: 1.62, 
3.05; P < 0.001) and Vomiting (OR: 5.12; 95 % Cl: 3.36, 7.80; P < 0.001). The Serious adverse 
events of the treatment group were remarkably greater compared with the untreated group (OR: 
1.60; 95 % Cl: 1.19, 2.14; P < 0.01). 
Conclusion: The study results proposed that proteasome inhibitors are effective in the multiple 
myeloma maintenance treatment compared with the placebo group. Bortezomib has certain ad
vantages in prolonging PFS, followed by ixazomib and carfilzomib in terms of efficacy. Borte
zombib may be superior to carfilzombib in extending OS. However, the adverse reactions caused 
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by proteasome inhibitors, such as Peripheral neuropathy, Serious adverse events, Rash, Vomiting, 
etc., should be paid enough attention.   

1. Introduction 

Multiple myeloma (MM) is one of the three common types of blood cancer. It is a Plasma cell malignant tumor mainly existing in the 
bone marrow. Excessive production of protein is its main feature [1]. MM is a neoplasm of clonal plasma cells that originate from the 
post-germinal lymphoid B-cell lineage and develop after lineage commitment in the bone marrow of progenitor cells. The main clinical 
symptoms of MM include osteolytic bone injury, kidney injury, anemia, hypercalcemia, and recurrent infections [2]. The median age of 
MM is 69 years old. About 63 % of patients identified with MM are elder than 65 years old [3]. The rate of prevalence is high in men 
than women, an incidence rate is increasing year by year [4]. Globally about 588161 people are detected with Multiple myeloma every 
year. According to data from 2014 to 2018, there are 7.1 new cases of MM per 100000 males and females per year. According to data 
from 2015 to 2019, the age adjusted mortality rate for MM is 3.2 cases per 100000 people per year. In 2021, newly identified MM 
accounted for 1.8 % of all newly diagnosed cancers, and the mortality rate accounted for 2 % of all cancers. According to data from 
2011 to 2017. For MM, the five-year survival rate is 55.6 % [5]. 

The etiology and pathogenesis of MM are currently unclear. Epidemiological investigations have shown that high-risk factors for 
MM include males, firefighters, obesity, exposure to dioxins/orange agents, etc. [6,7]. MM may also be related to ionizing radiation, 
genetic, industrial or agricultural exposure to toxins, environmental factors, viral infections, recurrent chronic infections, or antigen 
stimulation [8]. In the United States, the incidence rate of blacks (14 per 100000 people) is higher than that of whites (6.1 per 100000 
people). Numerous studies have shown that chromosomal abnormalities or highly unstable chromosomal structures are common in 
most MM patients, with chromosomal abnormalities including hyperdiploid and non hyperdiploid occurring in over 90 % of MM 
patients, suggesting that chromosomal abnormalities may be an important pathogenesis of MM; Moreover, chromosomal abnormal
ities can also lead to abnormal expression of cancer promoting or tumor suppressor genes, leading to poor prognosis in MM patients [9, 
10]. 

It is a very difficult problem to treat MM clinically. At present, the main treatment methods include combined treatment of stem cell 
transplantation, drug treatment, etc. With the clarification of the molecular biological mechanism of MM, as well as the in-depth study 
of the internal signal of myeloma cells and the microenvironment of MM patients, more and more new drugs targeting myeloma and 
microenvironment are gradually used in clinical maintenance treatment, such as inhibit the proteosome: carfilzomib, bortezomib and 
ixazomib; immunomodulators: lenalidomide and thalidomide, monoclonal antibodies, etc. have made great progress in MM main
tenance treatment. 

The treatment of MM with stem cell transplantation is gradually moving towards clinical practice, which can be divided into two 
categories: autologous stem cell transplantation (ASCT) and allogeneic stem cell transplantation (Allo SCT). Although ASCT cannot 
cure MM, compared to standard chemotherapy, transplantation with high-dose myeloablative therapy in ASCT can enhance the 
complete response rate and prolong the median survival period of nearly 1 year, with a mortality rate of 1 %–2%, making it the main 
treatment option for MM [11]. Patients who are suitable for ASCT treatment need to thoroughly evaluate factors such as age, toxicity, 
and side effects. Studies have shown that after receiving ASCT treatment, 3 %–10 % of patients have complete remission and maintain 
it for more than 10 years. However, conducting two ASCTs has better clinical efficacy compared to one ASCT, but there is no 
remarkable variation in the total survival period of MM patients [12]. Allo SCT is considered the only method to cure MM, but it is 
limited by factors such as receptors, donors, adverse reactions, high mortality, and end-organ damage, which affect the use of allo
geneic stem cells in clinical practice [13]. With in-depth research on its pathogenesis and the development of new drugs, the degree of 
remission and survival of patients have significantly improved. The application of proteasome inhibitors is the significant milestone in 
the multiple myeloma treatment. The first appearance of bortezomib has significant clinical benefits. As the first oral proteasome 
inhibitor, Ixazomib provides a more convenient treatment method for clinical use. The new generation of Carfilzomab can achieve a 
higher benefit risk ratio due to improved molecular structure and optimized mechanism of action. Therefore, it is urgent to system
atically evaluate the effectiveness and adverse reactions of proteasome inhibitors in maintenance therapy for multiple myeloma. At 
present, there are also some meta-analyses on the treatment of MM with proteasome inhibition, but our study systematically reviews 
and compares the efficacy and survival cycle of various proteasome inhibitors. 

2. Materials and methods 

2.1. Types of studies 

Study Design Type RCTs that have been published on the efficacy and adverse reactions of Maintenance treatment of proteasome 
inhibitors in multiple myeloma patients. However, the pre-clinical trials were exempted. 

2.2. Types of participants 

Patients with multiple myeloma were excluded if they had primary refractory multiple myeloma according to International 
Myeloma Working Group (IMWG) response criteria, serum-free light chain measurable disease only, or Eastern Cooperative Oncology 
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Group performance status greater than 2. Patients were excluded if they received anti-myeloma treatment within 14 days of 
randomization, previous treatment with carfilzomib, were refractory to anti-CD38 antibody therapy, or had a contraindication to 
dexamethasone. Patients with estimated glomerular filtration rate (eGFR) of less than 15 mL/min per 1⋅73 m2 according to the 
modification of diet in renal disease formula or left ventricular ejection fraction less than 40 % were excluded. Patients with previous 
pulmonary comorbidities, including chronic obstructive pulmonary disease, could be enrolled. 

All patients had adequate hepatic, hematologic, and renal function (creatinine clearance, ≥50 mL per minute) at screening. Patients 
were excluded if they had grade 3 or 4 peripheral neuropathy (or grade 2 with pain) within 14 days before randomization or New York 
Heart Association class III or IV heart failure. 

2.3. Types of interventions 

The treatment group received proteasome inhibitors in the maintenance treatment of MM patients, and the untreated group 
received placeboin the maintenance treatment of MM patients. 

2.4. Types of outcomes 

Effect Measures of multiple myeloma patients; Based on research, the tools for assessing the effectiveness and adverse reactions of 
proteasome inhibitors in multiple myeloma patients are: ① Survival without progression (SWP); ② Overall survival (OS); ③ Pe
ripheral neuropathy; ④ Serious adverse events; ⑤ Rash; ⑥ Vomiting. At least one of the aforementioned scales was used in the 
literature reviewed for this study to assess outcome measures. 

2.5. Data sources and search strategy 

We conducted electronic searches on Cochrane Library, Embase, PubMed, and Web of Science databases. The search term is 
“proteasome inhibitor”, “multiple myeloma”, “maintenance” and “randomized”. The time of search was from the library establishment 
until February 2023. Reference lists of eligible articles and citing articles were also screened to capture all relevant studies (via Google 
Scholar search engine). The procedures involved in doing a literature search are as follows: (1) look for pertinent publications in 
databases (English); (2) read the abstract, title and keywords to find out additional terms for search related to this topic; (2) Using a 
combination of subject words and keywords, the English database search employed “MeSH Terms” to determine the subject terms. All 
identified studies were combined in a single reference manager file (EndNote) and uploaded in an online software (Covidence). 

2.6. Data retrieval and assessment of quality 

Two researchers independently completed the process of screening the abstract first, then reviewing the full text to determine the 
findings of the literature screening. Until the outcomes are agreed upon, discuss opposing literature, consult a third researcher, or 
exchange screening results. Basic literature information, study type and object, size of sample, intervention content, effect measures 
and other details are among the information that was taken from the data. 

Table 1 
The basic characteristics of the included studies: ① Progression-free survival (PFS); ② Overall survival (OS); ③ Peripheral neuropathy; ④ Serious 
adverse events; ⑤ Rash; ⑥ Vomiting. PBO: Placebo.  

Reference Total 
cases 

Proteasome inhibitors/ 
control 

Man/ 
Woman 

Median age 
(years) 

Period Clinical setting Main 
Outcomes 

Goldschmidt, 2017 
[14] 

827 413/414 None None Jul. 2005 to Jul. 
2008 

Bortezomib vs 
PBO 

①② 

Dimopoulos, 2018 656 395/261 414/242 58 (52–63)/60 
(54–64) 

Jul. 2014 to Mar. 
2016 

Ixazomib vs PBO ①③④⑤⑥ 

Dimopoulos, 2020 
[16] 

706 425/281 377/329 72 (42–89)/73 
(52–90) 

Apr. 2015 to Oct. 
2018 

Ixazomib vs PBO ①③④⑤⑥ 

Gregersen, 2021 
[17] 

168 82/86 96/72 60 (53–64)/62 
(58–67) 

Jan. 2015 to Apr. 
2018 

Carfilzomib vs 
PBO 

④ 

Yong, 2021 [18] 141 69/72 85/56 65 (35–80)/69 
(48–83) 

Feb. 2013 to Sept. 
2016 

Carfilzomib vs 
PBO 

①②④ 

Rosiñol, 2012 [19] 257 130/127 140/117 56/56 Aug. 2009 to Aug. 
2011 

Bortezomib vs 
PBO 

①②③ 

Rosiñol, 2017 [20] 179 91/88 94/85 56/59 Apr. 2006 to Aug. 
2009 

Bortezomib vs 
PBO 

①③ 

Sonneveld, 2012 
[21] 

827 413/414 500/327 57 (31–65)/57 
(25–65) 

May 2005 to May 
2008 

Bortezomib vs 
PBO 

①②③  
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2.7. Assessment of risk of bias 

The risk of bias assessment of included studies was performed independently by four authors (S.J.H, L.J.W, K.A.T and M.A.S) 
according to the criteria and tools defined in the Cochrane Handbook for systematic review of interventions. Assessable domains 
included: selection bias, performance bias, detection bias, attrition and reporting bias. A risk category (low, high, unclear) was 
assigned to each. 

2.8. Analysis of statistics 

RevMan was employed to conduct this systematic review. Combining effects: All of the effect measures of the study were measured 
data and different assessment techniques were employed. Because there are variations in the scores, the standardized mean difference 
(SMD) and the 95 % confidence interval (CI) are utilized as effect indicators. Heterogeneity test: If P > 0.1 and I2<50 %, the inclusion 
studies were regarded to be more homogeneous. Chi-square tests are performed to assess whether there is heterogeneity among 
studies. Carry out a fixed-effects model systematic review; if P<0.1, I2> = 50 %, and the included studies indicated heterogeneity, 
Examine a variety of sources, Should clinical heterogeneity be absent, systematic review are performed with a random-effects model. 
Additionally, a subgroup analysis was carried out to examine potential variations in the qualitative characteristics. 

Fig. 1. Flow chart.  
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Fig. 2. Risk of bias summary.  

Fig. 3. Risk of bias graph.  
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3. Results 

3.1. Outcomes of the search 

In accordance with the search plan, 1095 references were found. Following the removal of redundant investigation, the abstract 
and title of 20 papers were investigated. Overall texts of 13 articles were further assessed. Five records were exempted following full 
text examination for the following reasons: lack of data (n = 3) and duplicate literature (n = 2). In the end, this systematic review 
contained 8 studies [14–21] (Table 1). This procedure is given in the PRISMA statement flow chart (Fig. 1). 

3.2. Bias assessment risk 

All included studies were assessed for risk of bias according to the Cochrane collaboration’s assessment tool. The literature quality 
added in this study is relatively high (Figs. 2 and 3). All 8 articles are all randomized controlled trials. The risk of bias in most 
assessment areas is low. However, one of the studies [17] did not set up a blind method, including Blinding of participants and 
personnel and Blinding of outcome assessment. Four of the studies [18–21] did not provide a detailed description of the blinding 
method. 

3.3. Progression-free survival (PFS) 

7 studies resulted that PFS of the test group and the untreated group and 1 study reported the Time To Progress (TTP) of the test 
group and the untreated group. Goldschmidt’s [14] research suggests that the median PFS was 34 months (95 % CI: 30–38 months) in 
the test group and 28 months (95 % CI: 25–32 months) in the control group. Dimopoulos’s [15,16] research suggests that median PFS 

Fig. 4. Subgroup analysis of the progression-free survival.  
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of 26.5 months (95 % CI 23.7–33.8) in the ixazomib group versus 21.3 months (18.0–24.7) in the placebo group and median PFS since 
randomization was 17.4 months (95 % CI, 14.8–20.3 months) versus 9.4 months (95 % CI, 8.5–11.5 months). Gregersen’s [17] 
research indicates that the carfilzomib-dexamethasone maintenance group had a median time to progression (TTP) of 25.1 months 
(22.5-NR) following randomization, while the control group had a median TTP of 16.7 months (14.4–21.8). According to Yong’s 
research [18], PFS (median 11.9 months) for patients receiving carfilzomib maintenance was substantially longer than that of in
dividuals not receiving maintenance medication (median 5.6 months). According to Rosiñol’s [19,20] research, the survival without 
Progression (SWP) was remarkably longer in the treatment group compared to the untreated group (50.6 vs. 28.2 months, P = 0.03) 
after a median follow-up of 58.6 months. The median SWP for the entire series was 33.1 months, and it was remarkably greater in the 
treatment group compared to the untreated group (56.2 vs. 28.2 months, P < 0.01). Sonneveld’s [21] research suggests that SWP was 
better in the test group at a median follow-up of 41 months (median of 28 months versus 35 months) as proteasome inhibitors are 
employed in the maintenance therapy of individuals with multiple myeloma, the rate of progression-free survival is higher as 
compared to the placebo group. Based on the aforementioned study findings, ixazomib offers some benefits in extending PFS, with 
bortezomib and carfilzomib following in terms of effectiveness (Fig. 4). 

3.4. Overall survival (OS) 

4 studies resulted that the OS of the treatment group and the untreated group. Goldschmidt’s [14] research suggests that at three 
and five years, the OS probabilities in the test group were 72 % (95 % CI: 67–76 %) vs. 79 % (95 % CI: 74–82 %) and 59 % (95 % CI: 
54–64 %) vs. 65 % (95 % CI: 60–70 %), respectively. According to Yong’s research [18], the maintenance and observation groups had 
median OSs of 25.7 months (95 % CI: 20.8, upper limit not calculated) and 24.1 months (95 % CI: 21.5, upper limit not estimated) 
respectively from the time of maintenance randomization. According to Rosiñol’s research [19], the test group’s projected overall 
survival at 4 years after randomization was 74 %, whereas the control group’s was 65 %. According to Sonneveld’s research [21], the 
test group’s overall survival was better in multivariate analysis (HR, 0.77; 95 % CI, 0.60 to 1.00; P = 0.049). Proteasome inhibitors 
extended overall survival in multiple myeloma maintenance treatment compared to placebo. Bortezombib may be superior to car
filzombib in extending OS (Fig. 5). 

Fig. 5. Subgroup analysis of the overall survival.  
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Fig. 6. Forest illustration of the peripheral neuropathy.  

Fig. 7. Sensitivity analysis of the peripheral neuropathy.  
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3.5. Peripheral neuropathy 

5 studies resulted that the Peripheral neuropathy of the treatment group and the untreated group. Systematic review revealed that 
the Peripheral neuropathy of the treatment group was remarkably greater compared to the untreated group (OR: 1.98; 95 % Cl: 1.35, 
2.92; P < 0.001, Fig. 6). The trials results showed increased heterogeneity and sensitivity analysis was performed (Fig. 7). In contrast to 
the untreated group, proteasome inhibitors in multiple myeloma treatment increase the occurrence of peripheral neuropathy. The 
Begg’s Test is 0.462 and the Egger’s test is 0.659, so the results of this research are associated constantly and no overt publishing bias is 
present. The subgroup analysis results of peripheral neuropathy showed that the study results were relatively stable. The OR value of 
bortezomib related studies was 2.32 (95 % Cl: 1.92, 2.80), significantly higher than the ixazomib OR value of 1.47 (95 % Cl: 1.14, 
1.91), indicating that maintenance therapy with bortezomib may lead to more peripheral neuropathy (Fig. 8). 

3.6. Serious adverse events 

Four studies reported the serious adverse events of the treatment group and the untreated group. Systematic review showed that the 
Serious adverse events of the treatment group was remarkably greater compared to the untreated group (OR: 1.60; 95 % Cl: 1.19, 2.14; 
P < 0.01, Fig. 9). The trials results showed moderate heterogeneity, and a sensitivity analysis was carried out (Fig. 10). In contrast to 
untreated group, proteasome inhibitor in the treatment of patients with multiple myeloma increases the occurrence of serious adverse 
events. The Begg’s Test is 1.000 and the Egger’s test is 0.431, so the results of the research are relatively constant and No overt 
publishing bias is present. The subgroup analysis results of serious adverse events showed that the results of this study were relatively 
constant. The OR value of Ixazomib related studies was 1.50 (95 % Cl: 1.25, 1.82), significantly lower than the Carfilzomib OR value of 
1.90 (95 % Cl: 1.25, 2.88), indicating that maintenance therapy with Ixazomib may lead to less serious adverse events (Fig. 11). 
Lenalidomide is more effective than thalidomide, but causes more hematological adverse effects. Symptoms caused by peripher
alneuropathy may occur as an adverse effect of treatment with bortezomib and thalidomide [22]. 

Fig. 8. Subgroup analysis of peripheral neuropathy.  
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3.7. Rash 

2 studies resulted that the Rash of the treatment group and the untreated group. Systematic review revealed that the Rash of the 
treatment group was remarkably greater compared to the untreated group (OR: 2.23; 95 % Cl: 1.62, 3.05; P < 0.001, Fig. 12). In 

Fig. 9. Forest illustration of the serious adverse events.  

Fig. 10. Sensitivity analysis of the serious adverse events.  
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contrast to the placebo group, proteasome inhibitor in treatment multiple myeloma treatment increase the occurrence of Rash. 

3.8. Vomiting 

2 studies resulted that the Vomiting of the treatment group and the untreated group. Systematic review revealed that the Vomiting 
of the treatment group was remarkably greater compared to untreated group (OR: 5.12; 95 % Cl: 3.36, 7.80; P < 0.001, Fig. 13). In 
contrast to the untreated group, proteasome inhibitor in the multiple myeloma treatment increases the occurrence of Vomiting. 

4. Discussion 

In the past decade we have seen four new agents approved by the US Food and Drug Administration for treatment of multiple 
myeloma: the proteasome inhibitor (PI) bortezomib (Velcade), the immunomodulatory agents: lenalidomide (Revlimid) and thalid
omide (Thalomid), and liposomal doxorubicin. These are commonly used in the treatment of relapsed/refractory (R/R) multiple 
myeloma (MM), but there is no universally accepted standard treatment. Salvage therapy must be tailored according to an individual 
patient’s clinical profile, with the risks and potential effects of treatment-related adverse events being major determinants of the choice 
of therapy [23]. 

Bortezomib, a reversible Proteasome inhibitor, with US FDA approval in 2003 for the treatment of patients with advanced MM. 
Bortezomib reversibly sexual inhibition the chymotrypsin/trypsin activity of the Proteasome 26S subunit in mammalian cells by 
selectively binding to Threonine at the Proteasome Active site. Bortezomib has been highly used in the MM clinical treatment, and has 
been proved to be effective in alleviating the pathogenesis of MM. Bortezomib and NF-κB have been proved in tumor cells signaling 
pathway is closely related. In MM, Bortezomib can significantly reduce the degradation of nuclear factor inhibitor and inhibit the 
expression level of genes associated with proliferation of cell and apoptosis after specifically Sexual inhibition the activity of Pro
teasome, thereby reducing the myeloma cell growth factors secretion such as IL-6 and the expression of adhesion factors, and ulti
mately leading to apoptosis of MM cell [24]. 

Fig. 11. Subgroup analysis of serious adverse events.  
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Carfilzomib is an epoxyketone proteasome inhibitor. Carfilzomib binds selectively and irreversibly to its target and leads to 
antiproliferative and proapoptotic effects on cancer cells. This irreversible inhibition is dose- and time-dependent in vitro and in vivo. 
In phase 1 studies, a maximum tolerated dose was not established for carfilzomib monotherapy. However, on the basis of the overall 
observed side-effect profile, an initial dose of 20 mg per square meter of body-surface area with subsequent escalation to 27 mg per 
square meter was selected for further study [7,8]. This regimen of carfilzomib monotherapy was subsequently approved in the United 
States for use in patients with relapsed and refractory multiple myeloma on the basis of a phase 2 study that showed a 23.7 % overall 
response rate in this population. The US FDA approved MM treatment in 2012 for those who have received at least two types of 
bortezomib and IMID treatments but are ineffective [25]. Different from bortezomib, carfilzomib binds irreversibly to proteasome and 
binds irreversibly to the core subunit 20S of proteasomeβ5-subunit binding preferentially inhibits chymotrypsin like activity rather 
than caspase like or trypsin like activity, while high concentrations of carfilzomib can also inhibit chymotrypsin like activity by 
inhibiting β1, β2, β5 three catalytic subunits inhibit peptide glutamyl peptide hydrolysis and tryptase like activity, making proteasome 
inactivated [26]. Carfilzomib is generally considered well-tolerated, with a manageable toxicity profile for most patients (Table 2). 

Ixazomib, also known as MLN-9708, is the first oral Proteasome inhibition approved by the US FDA for the treatment of MM in 
2015. Its mechanism of action is identical to that of carfilzomib. Its mechanism of action is to inhibit chymotrypsin like activity to 
induce apoptosis of MM cells, block the connection between MM cells and BM microhabitat. In addition, new generation proteasome 
inhibitors such as marizomib, CEP-18770, ONX-0912 are undergoing clinical trials. It is believed that with the passage of time, the 
research and clinical application of proteasome inhibitors will reach a higher level. 

Before 2018, the only medication authorized for use in post-transplant maintenance is lenalidomide. However, lenalidomide was 
not approved for use as post-ASCT maintenance treatment at the time of study design in early 2014. There was no standard of care in 
this setting, with the majority of patients’ worldwide not receiving maintenance treatment during the enrollment period from July 
2014 to March 2016. Lenalidomide maintenance was found to have a significant overall survival benefit when compared to placebo or 
no maintenance, according to a 2017 meta-analysis of the CALGB 100104, GIMEMA RV-MM-PI-209, and IFM 2005-02 trials. The rates 
of discontinuation due to treatment-emergent adverse events were 29 % and 12 %, respectively. In February 2017, lenalidomide 
maintenance was authorized for use in post-transplant settings in the USA and Europe. While the approval of lenalidomide in this 
context represents a significant advancement in patient care, lenalidomide is linked to the emergence of recurrent primary cancers, and 
its efficacy varies among patients with high-risk characteristics, including but not limited to certain cytogenetic abnormalities and 
renal failure [15]. 

In the ENDEAVOR trial, the combination of carfilzomib and dexamethasone showed better OS and progression-free survival than 
the combination of bortezomib and dexamethasone. Next-generation proteasome inhibitors, such as carfilzomib, are frequently used to 

Fig. 12. Forest illustration of the rash.  
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treat multiple myeloma that has relapsed or is resistant to treatment. Moreover, carfilzomib has shown clinical benefit in individuals 
who have previously been exposed to bortezomib as well as those who are resistant to it. It’s crucial to understand that the increased 
risk of peripheral neuropathy associated with bortezomib medication is not present with carfilzomib. It does, however, come with an 
increased risk of pulmonary and cardiac adverse effects, which usually take the form of ischemic heart disease, hypertension, dyspnea, 
or heart failure. It is not well established whether carfilzomib-containing induction therapy should be used before salvage ASCT or as 
maintenance therapy after salvage ASCT [27,28]. 

Overall 8 literatures were added in this study, consisting of 2018 patients in the treatment group and 1743 patients in the untreated 
group. Compared with the placebo group, proteasome inhibitor in the treatment of multiple myeloma patients increases the level of 
survival without progression and Overall survival. Systematic review showed that multiple myeloma patients who received 

Fig. 13. Forest illustration of the vomiting.  

Table 2 
Management of adverse events (AEs) in MM patients receiving cafizomib.  

Toxicity Recommended action 

Hematological toxicity 
Neutropenia (grade 3/4) 
Thrombocytopenia (grade 4)  

• Withhold dose  
• If fully recovered before next scheduled dose, continue at same dose level  
• Thrombocytopenia: If the patient recovers to grade 3 thrombocytopenia, reduce dose by one dose level  
• Neutropenia: If the patient recovers to grade 2 neutropenia, reduce dose by one dose level  
• If tolerated, the reduced dose may be escalated to the previous dose at the discretion of the physicia 

Cardiac toxicity  
• Grade 3 or 4, new onset or worsening of  
• congestive heart failure decreased left 

ventricular function  
• or myocardial ischemia  

• Withhold until resolved or returned to baseline, stop fluid administration  
• After resolution, consider restarting CFZ at 1 dose level reduction (KRd: 27 mg/m2→20 mg/m2→15 mg/m2, 

Kd: 56 mg/m2→45 mg/m2 36 mg/m2→27 mg/m2) based on a benefit/risk assessment  
• Resuming therapy: Follow-up EKG and biomarker monitoring (BNP or NT-pro-BNP) are recommended  
• If tolerated, the reduced dose may be escalated to the previous dose at the discretion of the physician 

Pulmonary hypertension or Peripheral 
neuropathy (grad 3/4)  

• Withhold until resolved or returned to baseline  
• Restart at the dose used prior to the event or reduced dose at the discretion of the physicians  
• If tolerated, the reduced dose may be escalated to the previous dose at the discretion of the physician 

Renal toxicity 
Serum creatinine ≥2× baseline  

• Withhold until renal function has recovered to Grade 1 or to baseline and monitor renal function  
• If attributable to CFZ, restart at the next scheduled treatment at a reduced dose  
• If not attributable to CFZ, restart at the dose used prior to the event  
• If tolerated, the reduced dose may be escalated to the previous dose at the discretion of the physician  
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proteasome inhibitor had increased occurrence of Peripheral neuropathy compared with untreated group (OR: 1.98; 95 % Cl: 1.35, 
2.92; P < 0.001). Based on the systematic review results of Serious adverse events, compared to the untreated group, showed that the 
Serious adverse events of the treatment group was remarkably greater (OR:1.60; 95 % Cl:1.19,2.14; P < 0.01). Based on the systematic 
review results of Rash, compared to the untreated group, showed that the Rash of the treatment group was remarkably greater 
(OR:2.23; 95 % Cl: 1.62,3.05; P < 0.001). Based on the systematic review results of Vomiting, compared to the untreated group, 
showed that the Vomiting of the treatment group was remarkably greater (OR:5.12; 95 % Cl: 3.36,7.80; P < 0.001). 

5. Limitations 

The limitations are: The search was limited to English-language literature; no other language literature was found. Selection bias 
and insufficient research inclusion may also exist. As a result, you ought to view some of the meta analysis’s findings with objectivity. 
However, our research will further assist clinical doctors in selecting the most favorable option. 

6. Conclusion 

The study results revealed that inhibitor of proteasomes are effective in the multiple myeloma maintenance treatment compared 
with the placebo group. Bortezomib has certain advantages in prolonging PFS, followed by ixazomib and carfilzomib in terms of 
efficacy. Bortezombib may be superior to carfilzombib in extending OS. However, the adverse reactions caused by proteasome in
hibitors, such as Peripheral neuropathy, Serious adverse events, Rash, Vomiting, etc., should be paid enough attention. 
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