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Abstract
Background  Impaired immune response in multiple myeloma renders the patients vulnerable to infections, such as 
COVID-19, and may cause worse response to vaccines. Researchers should analyze this issue to enable the planning 
for special preventive measures, such as increased booster doses. Therefore, this meta-analysis aimed to evaluate the 
response and efficacy of COVID-19 vaccines in patients with multiple myeloma.

Methods  This meta-analysis followed PRISMA 2020 guidelines, conducting a comprehensive database search 
using specified keywords. Study selection involved a two-phase title/abstract and full-text screening process. Data 
extraction was performed by two researchers, and statistical analysis involved meta-analysis, subgroup analysis based 
on vaccine dosage and study time, random effects meta-regression, and heterogeneity testing using the Q test.

Results  The meta-analysis revealed that patients with multiple myeloma (MM) had a lower likelihood of developing 
detectable antibodies after COVID-19 vaccination compared to healthy controls (Log odds ratio with 95% CI: -3.34 
[-4.08, -2.60]). The analysis of antibody response after different doses showed consistent lower seropositivity in MM 
patients (after first dose: -2.09, [-3.49, -0.69], second: -3.80, 95%CI [-4.71, -3.01], a booster dose: -3.03, [-5.91, -0.15]). 
However, there was no significant difference in the mean level of anti-S antibodies between MM patients and controls 
(Cohen’s d -0.72, [-1.86, 0.43]). Evaluation of T-cell responses indicated diminished T-cell-mediated immunity in MM 
patients compared to controls. Seven studies reported clinical response, with breakthrough infections observed in 
vaccinated MM patients.

Conclusions  These findings highlight the impaired humoral and cellular immune responses in MM patients after 
COVID-19 vaccination, suggesting the need for further investigation and potential interventions.
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Introduction
Multiple myeloma (MM) patients are notably vulner-
able to viral and bacterial infections [1]. Data from a 
comprehensive population-based study indicate that 
these patients have a 7-fold higher risk for bacterial and 
a 10-fold increased risk for viral infections [1]. Addition-
ally, the study reveals that approximately 22% of deaths 
among all MM patients documented in the nationwide 
Swedish Cancer Registry at one year of follow-up were 
attributed to infections [1]. Various immune effector 
mechanisms are compromised due to their disease in 
MM patients even before the initiation of antimyeloma 
therapy [2]. A survey reported that about half of these 
patients experience one or more periods of infection 
in the year preceding antimyeloma therapy, with 43% 
experiencing infections in the first six months follow-
ing therapy initiation [3]. Conversely, the risk of inpa-
tient mortality due to COVID-19 was approximately 34% 
among adult patients with hematological malignancies 
[4]. These findings accented to the necessity of urgent 
action to identify preventive treatment options for these 
patients. Vaccination has emerged as one of the most suc-
cessful preventive interventions against infections, sav-
ing millions of lives. However, both Myeloma itself and 
antimyeloma therapy can reduce immune competence 
and impair the development of long-term immunological 
memory. This issue poses a significant obstacle to effec-
tive vaccination in patients with MM [2]. A study involv-
ing 52 MM patients and their response to vaccination 
against influenza, S. pneumoniae and Haemophilus influ-
enzae type b (Hib) revealed that only 19% of MM patients 
could develop effective antibody titers to all three strains 
of vaccine and 10% against two viral strains of the vaccine 
[5]. Another study in 2015 had better results showing that 
9–19% of patients already had sufficient antibody titers 
against at least one strain of influenza virus. This number 
increased by 20–40% after a single dose vaccination and 
doubled after the second boost [6]. Novel vaccines even 
show better performances in hematologic malignancies. 
80.2% of these patients could express sufficient humoral 
response in a trial with two doses of the new adjuvanted 
recombinant varicella zoster virus glycoprotein E vaccine 
[7]. Vaccination against Hepatitis B is also recommended 
in MM patients who live in or travel to areas endemic for 
hepatitis B or patients with sexual partners with chronic 
hepatitis B infection [8]. Vaccination against several bac-
terial agents like Pneumococci, Hemophilus influenzae, 
and Meningococci has also been studied and recom-
mended in MM patients [9–12].

Vaccination against SARS-CoV-2 constitutes a major 
preventive option, especially for vulnerable patients [13]. 
However, patients with MM were left out from most 
SARSCoV-2 mRNA vaccine trials, resulting in limited 
information regarding the safety and efficacy of vaccines 

in this population [2]. Available data demonstrate that the 
antibody response provoked by COVID-19 in patients 
with hematological malignancies against SARS-CoV-2 is 
ineffective [14]. As COVID-19 persists in increasing the 
morbidity and mortality rate in these patients, synthe-
sizing evidence to inform decision-making and provide 
recommendations becomes imperative. Consequently, 
we aimed to run a meta-analysis to evaluate the anti-
body response, and efficacy following vaccination against 
SARS-CoV-2 in patients with MM.

Methods
Overview and database search
This meta-analysis followed the PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
yses) 2020 guidelines. First, we searched the databases 
of PubMed, Embase, Web of Science, and Cochrane on 
August 19th, 2022. Keywords for “Multiple Myeloma”, 
“COVID-19”, and “Vaccination” were chosen from the 
related previous studies and medical subject headings 
(MeSH) website to build the search strategy. All the key-
words were searched as title/abstract/keywords in the 
databases. Supplementary Table 1 contains the search 
terms for each database.

Study selection
All the records were downloaded into EndNote software 
and the duplicates were removed both by the applica-
tion and manually. Then the records were uploaded to 
the Covidence database and duplicates were once again 
removed by the website. The records then underwent a 
two-phase screening process. First, they were screened 
based on their title and abstract. The approved records 
were then screened by their full texts and the eligible 
studies were included in this meta-analysis. Whenever 
any disagreements arose between the two researchers 
involved in the screening process (A.K. & H.H.), they dis-
cussed the matter to solve the problem. If disagreements 
remained, they sought another independent opinion for 
final decision.

A researcher (A.K.) went through the citations of the 
included articles to find any possible suitable records 
manually. These manual records then entered the full text 
screening and they were combined with eligible stud-
ies through database searching to determine the overall 
included studies.

Inclusion/exclusion criteria
We included all the original English studies that com-
pared response to COVID-19 vaccines in patients with 
MM compared to healthy controls. If the study did not 
specifically report the patients with MM, but rather 
reported the data for patients with plasma cell disorders 
as a whole without individual data for MM subgroup, 
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we included them to avoid data loss only if the percent-
age of patients with MM were 85% or more of the overall 
patients. To eliminate the bias related to the inclusion of 
research involving patients with other plasma cell disor-
ders (PCD) besides MM, we conducted a meta-regression 
analysis to assess the impact of incorporating these stud-
ies. Therefore, the exclusion criteria were the following:

1.	 No MM groups.
2.	 Not original, i.e., reviews or commentaries.
3.	 Case reports and case series.
4.	 No healthy control groups.
5.	 No vaccines, or vaccines other than COVID-19.
6.	 Non-human studies.
7.	 Same settings published elsewhere; this is 

particularly true when similar authors report the 
updates of similar patients in a future study, in such 
case, we included the later study.

8.	 Abstracts or studies without full texts.
9.	 Non-English studies.

Data extraction
We designed an excel sheet before data extraction. Two 
researchers extracted the data of the included stud-
ies into the excel sheet (P.F.T. & M.H.), and two other 
independent researchers (H.H. & A.K.) rechecked the 
extracted data for validity. After checking the validity of 
the extracted data, it was used for the synthesis of the 
systematic review and meta-analysis.

The data extraction excel sheet contained the following 
information:

Study title, first author, country, year, study design, 
controls and matching status, types of assessed vaccines, 
doses received, characteristics of cases and controls, 
including their numbers, mean age (SD), disease status, 
and treatments received, anti-spike antibody responses 
in cases and controls, including the criteria used for 
response, mean (SD) antibody titers, number of positive 
humoral responses to vaccine, and any other subgroups 
that antibody responses are reported for, cellular immu-
nity response in cases and controls, including response 
criteria, mean (SD) T-cell response based on the criteria, 
number of patients with positive response, other cellular 
immunity components than T-cells measured, and any 
other subgroups that cellular immunity responses are 
reported for, and finally, clinical response to the vaccines 
in cases and controls, including, number of COVID-19 
infections, severe COVID-19 cases, deaths, hospitaliza-
tion, ICU admission, and any other clinical criteria for 
any other subgroups mentioned in the studies.

Statistical analysis
The statistical analysis in this study involved conducting 
a meta-analysis using Stata version 17. The analysis was 
performed on two different groups of studies. The first 
group included studies that measured the AB concentra-
tion separately in cases and controls, while the second 
group included studies that reported the number of AB-
positive and AB-negative patients.

Subgroup analysis was then conducted based on the 
dosage of the vaccine and the study time after vaccine 
injection. This allowed for the examination of potential 
differences in outcomes based on these factors.

To further explore the factors influencing the out-
comes, random effects meta-regression was performed. 
The meta-regression analysis included three factors: vac-
cine type, time after injection, and whether the study 
focused on MM or PCD. These factors were considered 
as potential sources of heterogeneity in the meta-analysis.

To assess the heterogeneity and test for group differ-
ences among the included studies, the Q test was used. 
The Q test helps to evaluate whether the observed varia-
tions among the effect sizes across the studies are due to 
chance or represent genuine differences.

Quality assessment
We used the Newcastle-Ottawa scale (NOS) to assess the 
quality of the included studies [15]. The total score is out 
of nine, and we considered a study of poor quality if they 
could not receive at least four.

Results
Study selection
Our systematic search strategy yielded 288 relevant stud-
ies, of which 137 were duplicates. Then, a total of 70 
studies were excluded after screening through title and 
abstract. We reviewed the full text of 81 studies, and 47 
were excluded for the reasons demonstrated in Fig.  1. 
Finally, 35 studies were eligible for inclusion, and 12 stud-
ies were included in the meta-analysis. The flow diagram 
is shown in Fig. 1.

Quality assessment
The results of the quality assessment of the included 
studies are shown in Supplementary Table 2. The qual-
ity assessment was based on selection, comparability of 
cases and controls based on the design or analysis, and 
exposure. All included studies had sufficient quality with 
quality score ranging from 4 to 9.

Study characteristics
The included studies were conducted in either 2021 or 
2022. Most of the studies were conducted in Europe (24), 
followed by the United States (13), while the least num-
ber of studies (4) were conducted in Asia. Thirty-four of 
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the included studies were cohort studies; the remainders 
were three case-control studies and one cross-sectional 
study. Seventeen studies included healthy participants as 
controls. A total of 13,274 patients with a confirmed diag-
nosis of MM and 509,844 healthy controls were included 
in the selected studies. The median age of MM patients 
ranged from 62.9 to 83.0 years. All of the participants 
received either one or two doses of the following vaccines 
Pfizer (BNT162b2), AstraZeneca (ChAdOx1 nCoV-19), 
Moderna (mRNA-1273), or Janssen/Johnson & John-
son (Ad.26.COV2). Additionally, three and one studies 
evaluated vaccine response after the third and the fourth 
dose of the Pfizer or Moderna vaccine, respectively. Most 
selected studies evaluated B-cell response after vaccina-
tion, while only six considered T-cell response after vac-
cination. Also, six studies measured antibodies against 
COVID-19 prior to vaccination. More detailed character-
istics of the included studies in this systematic review are 
outlined in Table 1.

B-cell response
Percentage of AB positive and negative patients
Our selected studies evaluated humoral response after 
COVID-19 vaccination by measuring SARS-CoV-2 spike 
IgG antibody (anti-S) or neutralizing antibody (nAb). 
Thirty-three studies reported antibody response, of 
which the detected antibody level was reported in sixteen 
studies. Our meta-analysis on eleven studies revealed 

that, compared with healthy controls, patients suffering 
from MM were less likely to form detectable antibodies 
after COVID-19 vaccination (Log odds ratio with 95% CI: 
-3.34 [-4.08, -2.60]), and substantial heterogeneity was 
identified (I²=64.47%). It should be noted that antibody 
response was evaluated at different time spans in six of 
the analyzed studies. Detailed results with the number 
of antibody responses in MM patients and controls are 
presented in the forest plot (Fig.  2). A distinct publica-
tion bias was detected, revealing an asymmetry in the 
funnel plot (Supplementary Fig.  1). As shown in Fig.  3 
MM patients were less seropositive compared to healthy 
controls after first (log odds ratio − 2.09, 95%CI [-3.49, 
-0.69], I2 = 50.65%), second (log odds ratio − 3.80, 95%CI 
[-4.71, -3.01], I2 = 59.89%), and a booster dose (log odds 
ratio − 3.03, 95%CI [-5.91, -0.15]). No significant differ-
ence was detected between the groups (p = 0.10). We then 
stratified the antibody response in these studies based 
on the timing of assessment after vaccination (< 30 days 
and ≥ 30 days). Likewise, seropositivity was lower in MM 
patients compared with healthy controls regardless of the 
time passed from the vaccination (Fig.  4). The analysis 
results of all subgroups are represented in Fig. 5.

Antibody titration
Next, we focused our analysis on seven studies report-
ing the anti-S titration (Fig.  6). Interestingly, analysis 
showed no significant difference in mean level of anti-S 

Fig. 1  PRISMA 2020 flow diagram of the study selection process
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between MM patients and healthy controls (Cohen’s d 
-0.72, 95% CI [-1.86, 0.43]), and a high level of hetero-
geneity (I2 = 98.99%). The high degree of heterogeneity 
in response to COVID-19 vaccination could be due to 
differences in the population, laboratory kits, measure-
ment methods, and timing of titration after vaccination. 
In addition, an evidence of publication bias was noted in 
this analysis (Supplementary Fig. 2).

T-cell responses
Only six studies evaluated T-cell-mediated immunity 
after COVID-19 vaccination (Table  2). Henriquez et al. 
measured IFN-γ production by T-cells after ex vivo stim-
ulation with S1 or S2, three months after the first dose 
of BNT162b2 in MM patients and healthy controls. The 
IFN-γ was significantly lower in patients with MM com-
pared with the controls [40]. In the study of Storti et al., 
vaccine-induced T cell response (spike-specific CD4 + or 
CD8 + T cell producing at least one of the three cytokines 
of IL-2 or IFN-γ or TNF-α) in MM patients and pre-
malignant-monoclonal-gammopathies was evaluated by 
flow cytometry. Their results indicated that MM patients 
had a reduced T-cell response to complete vaccination 

and showed less cytotoxic IFN-γ + and TNF-α + CD8 + T 
cells than monoclonal gammopathy of undetermined 
significance (MGUS). Additionally, booster immuniza-
tion improved cellular response to COVID-19 vaccina-
tion in both newly diagnosed MM (MMD) patients and 
relapsed/refractory MM (MMR) patients [41]. Wag-
ner et al. analyzed the cellular response in 102 subjects, 
including healthy controls, IBD patients, MM patients, 
and patients with solid tumors. After the second dose, 
controls had a clear T-cell response upon stimula-
tion with the S1 subunit. T cells of solid tumor patients 
secreted IL-2, IFN-γ, IL-17a and GM-CSF, and IL-10, 
while only IFN-γ, IL-17a, and IL-10 were induced in MM 
patients’ T-cells. IFN-γ and IL-2 were positively corre-
lated to humoral response in controls and IBD patients, 
whereas only IL-2 was associated with antibody level 
in MM patients and patients with solid tumors [42]. In 
the study of Enssle et al. MM patients showed a dimin-
ished T-cell response after stimulation with the receptor-
binding domain (RBD), the S2-protein, and CEF/CEFT 
control peptides following two doses of SARS-CoV-2 
vaccination compared with controls. Lower frequencies 
of IFN-γ or interleukin-2 secreting CD4 + T cells were 

Fig. 2  Forest plot of antibody responses in MM patients and controls
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observed, whereas CD8 + T-cells did not differ between 
MM patients and the controls after stimulation [43]. 
Although CD4 + T cells were significantly lower in sero-
logical non-responders after the second vaccination, no 
positive correlation was observed between T-cell and 
serologic responses in patients with MM. Interestingly, 
T-cell response among serological responders and non-
responders did not differ significantly [43]. Later, Enssle 
et al., evaluated variant specific T-cell response after 
the third dose of COVID-19 vaccination. Their results 
showed that patients with MM had a strong CD4+ T 
cell response against the (wild type) WT strain, while 
immune responses against Omicron was lower than the 

controls [44]. Zaleska et al. demonstrated specific SARS-
CoV‐2 cytotoxic T-cells to evaluate immune response 
after mRNA vaccines in patients with hematologic malig-
nancies. They found CD8 + T‐cell immune responses 
against SARS‐CoV‐2 spike epitope (YLQPRTFLL) in all 
HLA‐A*02 positive MM (n = 17). Notably, they reported 
a negative correlation between YLQPRTFLL‐specific 
CD8 + T-cells and antibody response [45]. Additionally, 
in MM patients, an increase in EM‐specific CD8 + T cells 
shortly after vaccination was observed, which decreased 
after 12 weeks [45].

Fig. 3  Forest plot of antibody responses in MM patients and controls categorized based on the number of the doses received
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Clinical response
Seven of evaluated studies reported clinical response 
among vaccinated MM patients. In the study of Fillmore 
et al. on 1606 vaccinated MM patients and matched 1606 
unvaccinated MM patients, among the vaccinated group, 
14 (0.87%) were infected with COVID-19 following vac-
cination. In this matched cohort, vaccine effectiveness 
in MM patients was 22.2%, 14 days after the second dose 
[46]. In the study of Ghandili et al. of 82 vaccinated MM 
patients, one patient developed COVID-19 25 days after 
her first vaccination. At this time, the patient had no 
detectable antibody, while after infection, she was posi-
tive for nucleocapsid and spike antibodies [47]. Among a 
cohort of 60 MM patients with no history of SARS-CoV-2 
infection, four were infected after one dose (n = 2) or two 
doses (n = 2) of BNT162b2, and all of them were receiv-
ing anti-CD38 immunotherapy [40]. During the prospec-
tive study of Ntanasis-Stathopoulos et al., between the 

third and fourth doses of BNT162b2, 34 (16.9%) were 
COVID-19 positive. The demographics and antibody 
levels of COVID-19-positive and negative patients were 
compared, and they had similar characteristics [48]. In a 
study by Schiller Salton, six months after the second vac-
cination, four of them186 patients developed COVID-19 
at least one week following the latest vaccine dose (1 died, 
1 had a severe disease but recovered, and 2 had a mild 
disease). Two patients didn’t have a serological response 
one month after the second vaccination, which was con-
verted after their COVID‐19 resolution. One patient had 
a positive antibody response one month after vaccina-
tion, and his disease was mild [49]. Storti et al. monitored 
40 patients with MM, SMM, or MGUS after the booster 
dose for about four months. The clinical follow-up didn’t 
show any disease progression. Three patients developed 
COVID-19 infections [41]. In a study conducted by Wang 
et al., MM patients’ risk for breakthrough infections after 

Fig. 4  Forest plot of antibody responses in MM patients and controls categorized based on the time passed since their vaccination
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Fig. 6  Forest plot of antibody titration results in MM patients and controls

 

Fig. 5  Summarized Forest plot of antibody responses in MM patients and controls based on their vaccination dose and time since vaccination. K repre-
sent the number of the studies for each variable
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complete vaccination was 17.4% higher than the 4.5% in 
vaccinated patients without cancer. The risks for break-
through infection did not differ based on race or ethnic-
ity [50].

Discussion and conclusions
To comprehensively evaluate the clinical response of 
COVID vaccines, it is insufficient to solely assess the 
B-cell and antibody response, as the crucial involve-
ment of T-cell response in the body’s defense against the 
disease must also be considered [51, 52]. In contrast to 
the valuable findings of Gagelmann et al. that reported 
a pooled antibody response of 76% (95% CI: 67–83; 
I²=92%) in MM patients, our study endeavors to provide 
a more comprehensive analysis by systematically assess-
ing two additional components of vaccine response in 
this patient population [13]. Besides, in order to ensure 
inclusivity and minimize data gaps, we aimed to incorpo-
rate all available studies in which the proportion of MM 
patients exceeded 85%. As depicted in the Supplemen-
tary Tables 3&4 showcasing our meta-regression analy-
sis, there was no discernible difference in the outcome 
variable between studies solely comprising MM patients 
and those including 15% or less of other PCDs. Also, the 
results indicate that vaccine type and antibody measure-
ment time did not significantly influence the observed 
outcomes, as evidenced by the lack of meaningful differ-
ences in the meta-regression analysis.

Different methodologies were employed by vari-
ous studies to evaluate the impact of MM on the B-cell 
response, with seven studies using the mean and stan-
dard deviation of the antibody concentration in both 
case and control groups, while eleven studies measured 

the number of antibody positive and negative patients in 
each group. Our analysis incorporated both sets of stud-
ies, with results indicating a significant decrease in anti-
body concentration in the MM group as compared to the 
healthy control group (p = 0.00) in studies that utilized the 
mean and standard deviation method, as well as in stud-
ies that counted the number of antibody positive patients 
(p = 0.00). The subgroup analysis of the AB positive and 
negative studies based on the dosage of the vaccine dem-
onstrates that the magnitude of the impact, as measured 
by the log odds ratio, was strongest for the second dose 
(-3.804), followed by the first dose (-2.091) and then the 
booster dose (-3.030). However, it is important to note 
that the sample size for the booster dose subgroup was 
only one study, which may limit the reliability of this find-
ing (Supplementary Table 5).

The findings of a recent meta-analysis parallel our study 
[53], highlighting a diminished immune response among 
patients with MM following COVID-19 vaccination. 
However, our study differs in several significant respects. 
Notably, we integrated healthy controls into our analysis, 
serving as a comparative reference point. Furthermore, 
we included more studies in our analysis. Additionally, 
in addition to assessing B-cell and T-cell responses, we 
expanded our investigation to include evaluations of clin-
ical responses.

Because of the compromised immune system in the 
disease which is exacerbated by immunosuppressive 
therapies, individuals with hematological malignancies 
are more likely to develop reduced vaccine response. 
Over the years, increasing evidence has revealed signifi-
cant dysfunction of the immune system in individuals 
with MM [54, 55]. Consequently, both B-cell precursors 

Table 2  T-cell response in patients with Multiple myeloma after COVID-19 vaccination
Author/Year Country Study 

Design
MM 
no

Controls Timing Findings

Henriquez, [40] France Cohort 26 21 3 months after the first 
dose of BNT162b2

The IFN-γ production by T cells after stimulation 
with S1 or S2 antigens ex vivo was significantly 
lower in patients with MM.

Storti, [41] Italy Cohort 16 24 14 days after the second 
dose and 14 days after 
the booster

less cytotoxic IFN-γ + and TNF-α + CD8 + T cells in 
MM patients than MGUS

Wagner, [42] Austria Case Control NA NA before the first dose 
and seven days after the 
second dose

IL-2 was associated with antibody level in MM 
patients

Enssle, [43] Germany Cohort 38 14 after 2 doses of 
vaccination

Lower frequencies of IFN-γ or interleukin-2 secret-
ing CD4 + T cells were observed. CD8 + T-cells did 
not differ between MM patients and the controls.

Enssle, [43] Germany Cohort 71 23 1–3 months after the 
booster vaccination

MM patients had a strong CD4+ T cell response 
against the (wild type) WT strain. Immune respons-
es against Omicron was lower than the controls.

Zaleska, [45] Poland Cohort 60 62 5  and 12 weeks after 
second dose

CD8 + T-cell immune responses against SARS‐
CoV‐2 spike epitope (YLQPRTFLL) was found in all 
HLA‐A*02 positive MM patients.

MM: multiple myeloma; MGUS: monoclonal gammopathy of undetermined significance
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and normal plasma cells are compromised, leading to 
consistent immune deficiency in patients with MM [56]. 
Additionally, despite an increase in effector cells like nat-
ural killer (NK) cells and cytotoxic CD8 + T cells in both 
bone marrow and peripheral blood, they fail to control 
disease progression, indicating a profound immunosup-
pressive environment [57]. Furthermore, dendritic cells 
exhibit alterations in MM, including diminished expres-
sion of co-stimulatory molecules and impaired initiation 
of allogeneic T-cell responses [58].

To our knowledge, no comprehensive review has evalu-
ated the T-cell and clinical response of MM patients 
after COVID-19 vaccination at once, despite the criti-
cal role that these structures play in vaccine response. 
Therefore, this systematic review aims to fill this gap in 
the literature and provide a comprehensive evaluation of 
the vaccine response in MM patients. Most of the stud-
ies showed weaker T-cell response alongside antibody 
response among MM patients. The results of the evalu-
ated studies in clinical response section indicates vary-
ing rates of COVID-19 infections among vaccinated MM 
patients, ranging from 0.87 to 17.4%. Some patients who 
experienced breakthrough infections had no detectable 
antibodies, while others exhibited a delayed serologi-
cal response. These findings underscore the importance 
of continuous monitoring and potential risk factors for 
breakthrough infections in MM patients despite vacci-
nation, emphasizing the need for further research in this 
area.
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