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Abstract
Patients with multiple myeloma (MM) have an increased risk of sepsis due to underlying disease- and treatment-related 
immunosuppression. However, data on sepsis incidence, causative pathogens, and impact on outcomes in newly diagnosed 
MM (NDMM) are limited. We conducted a retrospective observational study of 92 NDMM patients who developed sepsis 
between 2022 and 2023 at a tertiary care center in Italy. Patient characteristics, sepsis criteria [Quick Sequential Organ 
Failure Assessment, Systemic Inflammatory Response Syndrome (SIRS)], microbiology results, and associations with 
progression-free survival (PFS) were analyzed. In this cohort of 92 critically-ill patients, pathogenic organisms were identi-
fied via microbiological culture in 74 cases. However, among the remaining 18 culture-negative patients, 9 exhibited a SIRS 
score of 2 and another 9 had a SIRS score of 4, suggestive of a clinical presentation consistent with sepsis despite negative 
cultures. Common comorbidities included renal failure (60%), anemia (71%), and bone disease (83%). Gram-negative (28%) 
and Gram-positive (23%) bacteria were frequent causative organisms, along with fungi (20%). Cox Univariate analyses for 
PFS showed statically significant HR in patients with albumin ≥ 3.5 vs < 3.5 (HR = 5.04, p < 0.001), Karnofsky performance 
status ≥ 80 vs < 80 (HR = 2.01, p = 0.002), and early-stage vs late-stage disease by International Staging System (HR = 4.76 
and HR = 12.52, both p < 0.001) and Revised International Staging System (R-ISS III vs R-ISS I, HR = 7.38, p < 0.001). Sepsis 
is common in NDMM and associated with poor outcomes. Risk stratification incorporating sepsis severity, comorbidities, 
and disease stage may help guide preventive strategies and optimize MM management.
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Introduction

Sepsis and septic shock pose significant challenges in 
patients with newly diagnosed multiple myeloma (NDMM) 
[1], leading to substantial morbidity and mortality [2]. 

The management of sepsis in this patient population is 
complex and requires precise identification and prompt 
intervention. Multiple myeloma (MM) is characterized by 
the clonal proliferation of plasma cells (PCs) in the bone 
marrow (BM), leading to the production of monoclonal 
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immunoglobulins [3]. The disease not only compromises 
the normal immune response but also impairs the produc-
tion of functional immunoglobulins, rendering patients 
susceptible to infections [4]. The presence of monoclonal 
proteins and the suppression of polyclonal immunoglobu-
lins, particularly IgG and IgA subclasses, contribute to 
immune dysfunction and increase the risk of severe infec-
tions, including sepsis [5].

Sepsis is a systemic inflammatory response syndrome 
caused by an infection that can progress to septic shock, 
resulting in organ dysfunction and high mortality rates 
[6]. In MM patients, sepsis represents a major challenge 
due to the complex interplay between the disease, immu-
nosuppression, and the emergence of antimicrobial resist-
ance. The compromised immune system, coupled with 
the impaired humoral immune response, predisposes MM 
patients to infections, which can rapidly escalate to sepsis 
[7]. Furthermore, the presence of BM disease, renal fail-
ure, and anemia, characteristic features of MM, further 
exacerbates the severity and complications of sepsis in 
this patient population [8]. Despite advancements in the 
management of MM, sepsis remains a significant unmet 
need. The diagnosis of sepsis in MM patients is often chal-
lenging due to the overlapping clinical manifestations of 
the underlying disease and infection. Additionally, there 
is a lack of consensus on the optimal sepsis diagnostic 
criteria and scoring systems in MM patients, leading to 
variability in clinical practice and potential delays in 
appropriate treatment initiation. Consequently, the timely 
identification and management of sepsis in MM patients 
are crucial to improve clinical outcomes and reduce mor-
tality rates [9]. Gram-negative bacteria, including Kleb-
siella pneumoniae and Pseudomonas aeruginosa, are fre-
quently implicated in respiratory tract infections, while 
gram-positive bacteria, such as Staphylococcus aureus and 
Streptococcus pneumoniae, contribute to the infectious 
burden. Fungal infections, predominantly Candida species, 
and rare pathogens like Listeria monocytogenes further 
complicate the microbiological landscape of sepsis in MM 
patients, necessitating tailored antimicrobial strategies 
[10]. Addressing the unmet need in sepsis management 
in MM patients requires a comprehensive understanding 
of the clinical characteristics, immune dysregulation, and 
microbiological factors contributing to the development 
and outcomes of sepsis.

This manuscript presents a comprehensive analysis of 
clinical data derived from a cohort of 92 NDMM patients 
who developed sepsis or septic shock. Here  we inves-
tigated the impact of Sepsis-3 criteria and sepsis scor-
ing systems, including quick Sequential Organ Failure 
Assessment (qSOFA) [6, 11] and Sistemic Inflammatory 
Response Syndrome (SIRS) [12], on the diagnosis, clinical 
outcomes, immune profiling, and microbiological data in 

NDMM patients. Additionally, the study explores MM-
specific features, including the International Staging Sys-
tem (ISS) staging, the Hypercalcemia, Renal dysfunction, 
Anemia, Bone disease (CRAB criteria), and the 60% PCs, 
serum-free light chain involvement and greater than one 
lesion detected by magnetic resonance (SLiM criteria), to 
elucidate their association with sepsis development and 
severity [13]. Furthermore, the analysis of therapy modali-
ties, such as autologous stem cell transplant (ASCT) ver-
sus non-ASCT approaches, triplet regimens, and antibody 
therapies (e.g., anti-CD38 monoclonal antibodies) [14, 
15], will shed light on their influence on sepsis occur-
rence and outcomes.

Understanding the impact of these treatment modalities 
on the immune system and susceptibility to infections is 
crucial for optimizing therapeutic approaches and mini-
mizing the risk of sepsis in MM patients. By providing 
insights into the clinical, immunological, and microbio-
logical aspects of sepsis in NDMM patients, this study 
points to developing tailored strategies for the identifica-
tion, prevention, and management of sepsis in this vulnera-
ble patient population [16]. The findings have the potential 
to improve patient outcomes, reduce the burden of sepsis, 
and ultimately enhance the overall management of MM 
outcomes [17].

Materials and methods

Patients

We conducted a retrospective observational study of 92 
NDMM patients who developed sepsis between 2022 and 
2023 at a tertiary care center in Italy. The study was con-
ducted in conformity with the Good Clinical Practice Guide-
lines of the Italian Ministry of Health and the ethical guide-
lines of the Declaration of Helsinki (as revised and amended 
in 2004), with the approval of the Ethics Committee of the 
University of Bari Medical School (study n° 7411, prot. n° 
0073322, 26/08/2022). All enrolled patients provided their 
informed consent.

Clinical, laboratory evaluation and sepsis criteria

Progression-free survival (PFS) was calculated from the date 
of diagnosis to the event, namely myeloma disease progres-
sion or death. The median follow-up for PFS calculation 
was 30.16 months (interquartile range -IQR- 17.17–43.61). 
Data were collected by thoroughly reviewing the medi-
cal records of the included patients. Relevant information 
regarding demographics, diagnostic criteria, sepsis scores, 
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microbiological analysis and treatment modalities were 
extracted and recorded.

The Sepsis criteria (qSOFA, SIRS) were utilized to diag-
nose sepsis in the patient cohort. The application of these 
criteria led to the identification of sepsis in 73 patients. Addi-
tionally, 19 patients were diagnosed with septic shock. No 
other septic events requiring hospitalization were observed 
for enrolled patients during follow-up.

Microbiological analysis was performed to identify the 
causative pathogens responsible for sepsis in the patient 
population.

Statistical analysis

Descriptive analysis was carried out using means and stand-
ard deviation or median and IQR for the quantitative vari-
ables and percentages values for the qualitative ones. Nor-
mality distribution for quantitative variables was assessed by 
the Shapiro–Wilk. Univariate comparisons were investigated 
using the Pearson chi-square test or the Fisher’s exact test 
for categorical data. Survival analysis was performed by 
applying the Kaplan–Meier estimator and log-rank test for 
equality of survivor functions. The association with clinical 
features was analyzed with the Cox model of proportional 
hazards (hazard ratio -HR- and 95% CI), and the applicabil-
ity assumption was evaluated by the Schoenfeld test. Statisti-
cal significance was taken at the ≤ 0.05 level. All analyses 
were performed using STATA software 18.0 MP Edition 
(StataCorp, College Station, Texas, USA).

Results

Characteristics of MM patients with sepsis

Ninety-two patients (53% male and 47% female) with 
NDMM, fulfilling the International Myeloma Working 
Group [18] (IMWG2014 diagnostic criteria for sympto-
matic MM), who developed sepsis or septic shock were 
enrolled. The patients had a median age of 62.5 (IQR 
53–74) years. Among the 92 NDMM patients, a signifi-
cant proportion of individuals developed sepsis or septic 
shock. In terms of MM treatment modalities, a notable 
proportion of patients underwent ASCT, highlighting 
its importance as a therapeutic approach in eligible MM 
patients. For patients who did not undergo ASCT, triplet 
regimens consisting of proteasome inhibitors, immu-
nomodulatory drugs, and corticosteroids were commonly 
administered, reflecting the current standard of care for 
non-ASCT patients (63%) [19]. Specifically, across the 
entire cohort 34 received ASCT, 58 did not. The median 
value of time interval over the entire cohort was -30 (IQR 
-302;-21). There is no difference in median values of time 

interval (days) from the treatment initiation and the sep-
sis event when stratified for the qSOFA (p = 0.954), SIRS 
(p = 0.843). ASCT impact was also deemed neither statis-
tically nor clinically significant in our cohort (p = 0.068) 
(Supplementary Table 1). Additionally, a proportion of 
patients received anti-CD38 monoclonal antibody ther-
apy, which has shown efficacy in MM treatment (35%) 
(Table 1). No patients treated with CAR-T were recruited 
and all patients had different combination regimens (Dara-
based or not-Dara-based) in the combination regimen as 
by protocols approved by the regulatory agency in Europe 
[20] (Supplementary Table 2).

All the patients received antimicrobial prophylaxis with 
trimetoprim/sulphamethoxazole and acyclovir as by recom-
mendations [20].

Applying the Sepsis criteria, sepsis was diagnosed in 74 
patients (80%), while 19 patients had septic shock (21%), 
indicating the severity of their condition. For the sepsis 
group the qSOFA score is 3 in 82% of patients, and the SIRS 
score is 4 in 80% of patients, reflecting the overall disease 
burden and organ dysfunction (Table 2).

Table 1  Patients' baseline characteristics and previous treatments

ASCT Autologous stem cell transplantation; DARA  Daratumumab; 
sCR Stringent complete response; CR Complete response; VGPR 
Very good partial response; PR Partial response; SD Stable disease

Characteristics N (%)

Sex
 Male 49 (53)
 Female 43 (47)

Age
 Median (IQR) 62.5 (53–74)

Heavy chain
 IgG 46 (50)
 IgA 40 (43)
 Micromolecular 6 (7)

Light chain
 κ 5 (83)
 λ 1 (17)

Cytogenetic risk
 Yes 44 (48)
 No 48 (52)

First line
 ASCT recipient 34 (37)
 non-ASCT recipient 58 (63)

Treatment regimen
 Dara-based 32 (35)
 non-Dara-based 60 (65)

Response to therapy
 Optimal (sCR, CR, VGPR) 46 (50)
 Suboptimal (PR, SD) 46 (50)
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Among the MM patient population, a considerable num-
ber of individuals, 60% precisely, presented with renal fail-
ure at the time of sepsis diagnosis, underscoring the vulner-
ability of the renal system in these patients and the impact of 
sepsis on their renal function (Table 2). Anemia, defined by 
a hemoglobin level below 10 g/dL, was observed in 71% of 
the cases, reflecting the hematological disturbances accom-
panying sepsis in MM patients (Table 2).

The presence of bone disease, as defined by the CRAB 
criteria (hypercalcemia, renal insufficiency, anemia, and 
lytic bone lesions), was prevalent in 83% of the patients, 
with lytic bone lesions being the most common manifesta-
tion (Table 2). Additionally, immunoparesis, characterized 
by a decrease in one or more immunoglobulin classes, was 
observed in 70% of the patients [21].

Microbiological analysis

Microbiological analysis yielded valuable insights into the 
underlying pathogens responsible for sepsis in these MM 
patients. Respiratory tract infections accounted for a sig-
nificant portion, constituting 40% of the cases. Within this 
group, gram-negative bacteria such as Klebsiella pneumo-
niae and Pseudomonas aeruginosa were found to be pre-
dominant causative agents, as they were reported in 28% of 
the population. Gram-positive bacteria, including Staphylo-
coccus aureus and Streptococcus pneumoniae, were respon-
sible for 23% of the infections, indicating their substantial 
contribution to the overall septic burden. Additionally, fun-
gal infections [22], predominantly caused by Candida spe-
cies (C. albicans, C. glabrata, C. tropicalis, C. parapsilosis), 
were identified in 20% of the cases, highlighting the oppor-
tunistic nature of these pathogens in immunocompromised 
individuals [23]. The analysis revealed the distribution of 
different types of infections and the prevalence of specific 
pathogens (Table 2). Notably, Listeria monocytogenes infec-
tions were detected in 9.78% of the cases, primarily occur-
ring in patients receiving CD38-directed antibody therapy 
(78% vs. 30%, p = 0.004), which warrants attention in the 
management of these patients (Table 3).

Regarding the antimicrobial therapy, patients were treated 
as in Supplementary Table 3, following our Institutional and 
international Guidelines [24, 25] (Supplementary Table 4). 
Antimicrobial de-escalation was deemed essential upon the 
reporting of culture test results. Collaboration with infec-
tious disease consultants or the sepsis team was employed to 
streamline therapy based on the identified pathogen and its 
antimicrobial sensitivity profile, along with clinical response 
and laboratory trends. Caution was advised regarding car-
bapenem use, reserved for essential cases, and considering 
substitution of vancomycin, teicoplanin, and daptomycin 
with cefazolin or oxacillin if methicillin-sensitive staphy-
lococcus were isolated. The duration of antibiotic therapy 

Table 2  Characteristics of MM Patients with Sepsis

qSOFA, Quick SOFA Score for Sepsis; SIRS, Systemic Inflammatory 
Response Syndrome; KS, Karnofsky Performance Status Scale; Bet-
a2MG, Beta-2 Microglobulina; ISS, Multiple Myeloma International 
Staging System; R-ISS, Revised Multiple Myeloma International 
Staging System; IMWG, International Myeloma Working Group; 
IQR, Interquartile range

Sepsis-3 criteria N (%)

qSOFA
 1 17 (18)
 3 75 (82)

SIRS
 2 18 (20)
 4 74 (80)

Septic Shock
 No 73 (79)
 Yes 19 (21)

Lactate
 Median (IQR) 2.9 (2.7–3.0)

Creatinine
 Median (IQR) 1.5 (1.6–1.7)

Albumin levels
  ≥ 3.5 38 (41)
  < 3.5 54 (59)
Beta2MG
ISS
 I 20 (22)
 II 35 (38)
 III 37 (40)

R-ISS
 I 16 (17)
 II 10 (11)
 III 66 (72)

Frailty IMWG
 Frail 48 (52)
 Non—frail 44 (48)

Renal Failure
 No 37 (40)
 Yes 55 (60)

Anemia
 No 27 (29)
 Yes 65 (71)

Immunoparesis
 No 28 (30)
 Yes 64 (70)

Bone Disease
 No 16 (17)
 Yes 76 (83)

Pathogen
 Fungal 18 (20)
 Gram-negative 26 (28)
 Gram-positive 21 (23)
 Listeria Monocytogenes 9 (10)
 Non isolated 18 (19)

Length of Hospitalization (days)
 Median (IQR) 14 (12–14)
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was also selected by clinical progress and biomarker trends. 
Specifically, the antimicrobial therapies, matching the given 
schedule and posology (Supplementary Table 5), lasting 
longer than 7–10 days were deemed unnecessary, except in 
specific scenarios like slow clinical improvement.

Univariate and cox‑multivariate analysis

PFS was deemed significantly longer in patients with albu-
min levels ≥ 3.5 than in patients with albumin levels < 3.5 
(Log-rank test = 52.10, p < 0.001) and in patients with 
KS ≥ 80 vs < 80 (Log-rank test = 10.86, p = 0.001) (Fig. 1A 
and 1B). Moreover, PFS showed significant improvement 
among patients in earlier disease stages of MM, particularly 

those identified as ISS–I (Log-rank test = 73.27, p < 0.001) 
and R-ISS–I (Log-rank test = 45.19, p < 0.001), compared to 
others affected by more progressed forms of the underlying 
disease (Fig. 2A and B).

Cox univariate analyses of progression-free survival 
(PFS) showed statistically significant HR in patients with 
SIRS 4 vs 2 (HR = 0.56, p = 0.037), albumin levels < 3.5 
vs ≥ 3.5 (HR = 5.04, p < 0.001), Karnofsky Performance 
Status Scale (KS) < 80 vs ≥ 80 (HR = 2.01, p = 0.002), age 
(HR = 1.02, p = 0.008) and late-stage vs early-stage disease 
according to International Staging System (ISS) (HR = 4.76 
and HR = 12.52, both p < 0.001) and Revised-International 
Staging System (R-ISS) (R-ISS III vs R-ISS I, HR = 7.38, 
p < 0.001) (Table 4). The multivariate model confirmed the 
results for age (HR = 1.02, p = 0.005) and R-ISS III vs R-ISS 
I, HR = 7.08, p < 0.001).

Ancillary to the main outcomes, death events were 
recorded and summarized in Fig. 3A. While we do not have 
specific data on sepsis-related mortality, our study provides 
an overview of death events observed in our MM cohort 
during the study period. Statistically powered perspective 
studies will aim to include specific data on sepsis-related 
mortality. While acknowledging that the analysis of overall 
survival (OS) is beyond the scope of this manuscript, given 
the actual median survival of myeloma patients, the OS 

Table 3  Microbiological Analysis of Listeria Monocytogenes infec-
tion

* p-value (significance level ≤ 0.05)

Listeria monocytogenes

No (n = 83) Yes (n = 9) *p-value

DARA-treatment, n(%)
No 58 (70) 2 (22) 0.004
Yes 25 (30) 7 (78)

Fig. 1  Kaplan–Meier estimates of PFS based on Albumin levels (A) 
and Karnofsky Performance Status Scale (B)

Fig. 2  Kaplan–Meier estimates of PFS based on disease stages 
according to the International Staging System (ISS) (A) and the 
Revised International Staging System (R-ISS) (B)
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Table 4  Univariate Analysis and Cox-Multivariate analysis of MM 
Patients with Sepsis

Univariate analysis Cox-multivariate

HR (95% CI) p-value HR (95% CI) p-value

qSOFA
 1 1 1
 3 0.58 (0.33–1.01) 0.054 1.47 (0.22–9.74) 0.688

SIRS
 2 1 1
 4 0.56 (0.33–0.96) 0.037 0.51 (0.08–3.28) 0.484

Septic shock
 No 1 1
 Yes 0.71 (0.42–1.22) 0.222 0.79 (0.45–1.39) 0.419

KS
  ≥ 80 1 1
  < 80 2.01 (1.29–3.14) 0.002 1.47 (0.92–2.33) 0.100
 Age 1.02 (1.00–1.04) 0.008 1.02 (1.00–1.04) 0.005

Sex
 F 1 1
 M 0.90 (0.59–1.37) 0.646 1.11 (0.71–1.73) 0.621
 Lactate 1.74 (0.47–6.45) 0.403
 Creatinine 1.88 (0.30–

11.68)
0.494

Albumin levels
  ≥ 3.5 1
  < 3.5 5.04 (3.09–8.23)  < 0.001
 Beta2MG 3.13 (2.30–4.75)  < 0.001

Cytogenetic risk
 No 1
 Yes 1.12 (0.74–1.70) 0.574

ISS
 I 1
 II 4.76 (2.28–9.93)  < 0.001
 III 12.52 (6.18–

25.32)
 < 0.001

R-ISS
 I 1
 II 2.03 (0.89–4.65) 0.092 2.01 (0.84–4.78) 0.112
 III 7.38 (3.68–

14.78)
 < 0.001 7.08 (3.32–

15.10)
 < 0.001

Frailty IMWG
 Non—

frail
1

 Frail 1.08 (0.71–1.63 0.698 1.26 (0.82–1.93) 0.284
Renal failure
 No 1
 Yes 0.73 (0.47–1.11) 0.148

Anemia
 No 1
 Yes 0.69 (0.44–1.10) 0.128

Bone Di sease
 No 1

p-value (significance level ≤ 0.05)
qSOFA, Quick SOFA Score for Sepsis; SIRS, Systemic Inflammatory 
Response Syndrome; KS, Karnofsky Performance Status Scale; Bet-
a2MG, Beta-2 Microglobulina; ISS, Multiple Myeloma International 
Staging System; R-ISS, Revised Multiple Myeloma International 
Staging System; IMWG, International Myeloma Working Group; HR, 
Hazard Ratio; 95% CI Confidence Interval 95%

Table 4  (continued)

Univariate analysis Cox-multivariate

HR (95% CI) p-value HR (95% CI) p-value

 Yes 0.72 (0.41–1.24) 0.242
Response
 Optimal 1
 Subopti-

mal
1.21 (0.80–1.83) 0.358

Fig. 3  Distribution of death events (A) and Kaplan–Meier estimates 
of OS based on Albumin levels (B) and disease stages according to 
the International Staging System (ISS) (C)
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since the diagnosis of multiple myeloma to the death event 
was performed by applying the Kaplan–Meier estimator. We 
analyzed the course of the survival to the event weighted 
by explanatory variables (qSOFA = 1 and qSOFA = 3, ane-
mia, renal failure, bone disease, immunoparesis, cytoge-
netics, frailty, response, karnofsky, R-ISS, albumin, ISS). 
OS was significantly different in patients with albumin lev-
els ≥ 3.5 than in patients with albumin levels < 3.5 (Log-rank 
test = 6.92, p = 0.008) and among patients in earlier disease 
stages of MM, particularly those identified as ISS–I (Log-
rank test = 16.94, p < 0.001), compared to others affected by 
more progressed forms of the underlying disease (Fig. 3B 
and C).

Discussion

The present study conducted a retrospective analysis utiliz-
ing medical records from 92 NDMM patients who developed 
sepsis or septic shock. This comprehensive investigation 
aimed to elucidate various aspects of this patient popula-
tion, including clinical characteristics, outcomes, immune 
profiling, microbiological data, and treatment modalities. 
By integrating sepsis scoring systems, such as qSOFA and 
SIRS, and evaluating important MM-related factors like 
International Staging System (ISS) staging, CRAB criteria 
[18], the 60% plasma cells, SLiM criteria, immunoparesis, 
and treatment approaches, including ASCT vs. non-ASCT, 
triplet regimens, and antibody therapies, including anti-
CD38, a comprehensive understanding of the complex inter-
play between sepsis and MM can be achieved. Consistent 
with previous research, our findings highlight the heightened 
susceptibility of MM patients to sepsis, particularly those 
with advanced disease, compromised renal function, anemia, 
bone involvement, and immunoparesis. The identification of 
Listeria monocytogenes infections in MM patients receiving 
CD38-directed antibody therapy has already been described 
in previous literature [10]. It may be partially explained by 
delving into CD38’s roles during inflammatory-immune 
responses [26]. In particular, inflammatory stimuli-triggered 
up-regulated CD38 expression on neutrophils and mac-
rophages’ membranes, responsible for regulating the com-
plex mechanisms of endothelial transmigration (possibly via 
interaction with CD31) and contribute to the chemotactic 
recruitment of inflammatory cells towards peripheral sites 
of infection, may hint at a possible hindrance in these func-
tions were it to be a depletion or inhibition of said receptor 
protein, as it has already been observed in murine models 
CD38 knocked out, which showed an increased susceptibil-
ity both to S. pneumonia and L. monocitogenes infections 
[27], which may be a result of inflammatory cells’ migration 
patterns alteration. Moreover, other than its role as a trans-
membrane receptor protein, CD38 has been found to have 

also enzymatic activities, in particular through the synthe-
sis of Ca2⁺-mobilizing intracellular mediators, and subse-
quent activation of signaling pathways leading to chemokine 
receptors up-regulation (CXCR4, CCR7, N-formyl peptide 
receptor 1), cytoskeleton activation, adhesion molecules 
induction and even phagosomes maturation, therefore 
resulting in a CD38 depletion related impaired macrophage 
phagocytosis as well [28]. Considering the role of CD38 
in directing the innate immune response against infective 
pathogens, a decrease in its functioning as a result of direct 
inhibitors’ effects (e.g. Daratumumab) could potentially 
lead to a higher risk of complicated infections in cohorts of 
already multifactorial immunoparetic MM patients, there-
fore underscoring the need for increased vigilance and the 
implementation of appropriate prophylactic measures in this 
specific subgroup.

Moreover, our study revealed significant associations 
between sepsis scores (qSOFA and SIRS) and clinical out-
comes. Patients with higher sepsis scores exhibited elevated 
mortality rates and longer hospital stays, indicating a greater 
disease burden. Furthermore, higher sepsis scores were cor-
related with increased organ dysfunction, as evidenced by 
elevated levels of lactate and creatinine. These findings 
highlight the clinical relevance of sepsis scoring systems in 
assessing disease severity and predicting outcomes in MM 
patients. Regarding the MM-specific characteristics, a sub-
stantial proportion of patients presented with renal failure 
at the time of sepsis diagnosis, underscoring the importance 
of monitoring renal function and implementing appropriate 
interventions in this population. Anemia, defined as a hemo-
globin level below 10 g/dL, was observed in most cases, 
reflecting the impact of MM on red blood cell production. 
The presence of bone disease according to the CRAB crite-
ria was a prevalent feature, with lytic lesions being the most 
common manifestation. Immunoparesis, within an immuno-
suppressive immune-microenvironment, characterized by a 
decrease in one or more immunoglobulin classes, particu-
larly affecting the IgG and IgA subclasses, further contrib-
utes to the immunocompromised state of MM patients and 
their vulnerability to infectious complications [23]. These 
findings provide insights into the contemporary treatment 
landscape for MM patients with sepsis and underscore the 
importance of individualized treatment strategies based on 
patient characteristics and disease status. Importantly, our 
study paves the way for additional prophylactic measures 
against pathogens such as Listeria monocytogenes and 
improving management strategies for sepsis in MM patients. 
Despite the valuable insights provided by this study, cer-
tain limitations should be acknowledged. The retrospec-
tive nature of the analysis introduces inherent limitations, 
including the reliance on available medical records and the 
potential for incomplete or missing data. The single-center 
design further restricts the generalizability of the findings, as 
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patient populations and practices may vary across different 
healthcare settings. As both as out- and in-patient myeloma 
clinic, we acknowledge the marginal overestimation of sep-
sis incidence. Additionally, the relatively small sample size 
of the study cohort might limit the statistical power and gen-
eralizability of the results (including predisposing factors to 
increased mortality) and the short follow-up time does not 
allow proper evaluation of MM OS as by guidelines [20]. 
Recent robust evidence sketching frailty and immunoparesis 
pinpoint the need for a multimodal dynamic patient evalua-
tion [29, 30]. Therefore, prospective multicenter studies with 
larger patient cohorts are warranted to validate these find-
ings, provide more robust evidence, and further elucidate the 
optimal management strategies for sepsis in MM patients.

Conclusions

This analysis of 92 newly diagnosed MM patients with sep-
sis or septic shock uncovers higher SIRS score in myeloma 
patients to be associated with worse PFS. The integration of 
sepsis scoring systems and consideration of important MM-
related factors aid in risk stratification, guiding therapeutic 
decisions, and improving overall outcomes in MM patients 
with sepsis. Further research is necessary to optimize the 
management of sepsis in this population, including the pre-
vention and management of immunoparesis, infections, also 
due to Listeria monocytogenes, and, ultimately, to improve 
patient outcomes.

Supplementary Information The online version contains supplemen-
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