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ABSTRACT
Multiple myeloma (MM) is a plasma cell malignancy 
characterized by profound immune dysfunction, 
predisposing patients to severe infections. Disease- 
and treatment-related immunosuppression, particularly 
with proteasome inhibitors, immunomodulatory agents, 
anti-CD38 antibodies, and bispecific T-cell redirecting 
antibodies, further exacerbate vulnerability. Frailty, 
reflecting reduced physiological reserve and cumulative 
comorbidities, has emerged as a critical determinant 
of infectious risk, independent of chronological age or 
apparent clinical fitness. Evidence from ALCYONE and 
MAIA trials demonstrates that frail patients experience 
higher rates of severe infections, yet paradoxically, 
infection rates among seemingly robust patients may 
approximate those of frail individuals, highlighting 
limitations in conventional risk stratification. Bispecific 
T cell redirecting antibodies impose sustained 
immune perturbations, including B-cell aplasia, 
hypogammaglobulinemia, and T-cell dysregulation, 
amplifying infection susceptibility and treatment-related 
morbidity. Growing clinical and translational evidence 

indicates that immunoglobulin replacement therapy 
(IgRT), particularly when administered preemptively, 
substantially reduces infection rates in patients receiving 
anti-BCMA bispecific T cell redirecting antibodies. 
Real-world and mechanistic studies demonstrate that 
IgRT restores humoral protection and mitigates severe 
infectious complications, supporting its integration as a 
central preventive strategy rather than a reactive rescue 
measure. Integrating frailty assessment with proactive 
immunologic support represents a precision medicine 
approach to infection prevention, guiding prophylaxis, 
monitoring, and early intervention. Future strategies 
should combine longitudinal frailty evaluation, immune 
profiling, and disease- and treatment-related factors to 
optimize individualized infection-risk management in 
MM patients treated with T-cell–redirecting therapies. 
Aligning therapeutic innovation with targeted supportive 
care is essential to maximize efficacy, safety, and durable 
outcomes in this vulnerable population.

INTRODUCTION
Multiple myeloma (MM) is a malignant plasma cell 
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disorder characterized by clonal expansion of 
antibody-producing cells within the bone marrow, 
leading to immune dysfunction, bone destruction, 
cytopenias, and progressive end-organ damage¹. It 
predominantly affects older adults, with a median age 
at diagnosis close to 70 years, and remains incurable 
despite major therapeutic advances. From the earliest 
stages of the disease, MM is associated with profound 
defects in both humoral and cellular immunity, including 
suppression of normal immunoglobulin production, 
impaired antigen presentation, and dysregulated T-cell 
function². These alterations translate clinically into a 
persistently high burden of serious infections across 
the disease course. Immune dysfunction is further 
amplified by cumulative exposure to proteasome 
inhibitors, immunomodulatory drugs, anti-CD38 
monoclonal antibodies, and, more recently, highly 
immunosuppressive cellular and T-cell-redirecting 
therapies³.

FRAILTY AND INFECTION RISK 
IN THE ERA OF BISPECIFIC 
ANTIBODIES
Bispecific T-cell redirecting antibodies have 
dramatically reshaped the treatment landscape of 
relapsed and refractory MM, delivering unprecedented 

response rates in patients with otherwise limited 
options⁴. Their mechanism of action, based on 
continuous redirection of cytotoxic T cells toward 
plasma cell antigens, explains both their efficacy 
and their toxicity profile. Bispecific T cell redirecting 
antibodies simultaneously bind CD3 on T cells and 
tumor-associated antigens such as B-cell maturation 
antigen (BCMA) or G-protein coupled receptor 
family C group 5 member D (GPRC5D) on malignant 
plasma cells, leading to immune synapse formation, 
T-cell activation, and target cell lysis. Sustained 
T-cell activation, prolonged B-cell aplasia, deep 
and persistent hypogammaglobulinemia, recurrent 
cytopenias, and cytokine-mediated immune 
dysregulation collectively result in a state of profound 
secondary immunodeficiency⁵. Importantly, toxicity 
profiles differ according to the target antigen. BCMA-
directed bispecific antibodies are characterized by 
profound and sustained hypogammaglobulinemia 
due to depletion of normal plasma cells, leading to 
a high burden of infections, including opportunistic 
infections. In contrast, GPRC5D-directed bispecific 
antibodies are associated with a distinct pattern of 
on-target off-tumor toxicities, including skin rash, 
nail disorders, and oral toxicities such as dysgeusia 
and xerostomia, reflecting GPRC5D expression in 
epithelial tissues, with a comparatively different 
infectious risk profile (Figure 1). 

Figure 1. Common adverse events during bispecific T cell redirecting antibody treatment and their 
mechanism of action. A) common side effects during bispecific T cell redirecting antibodies therapy. B) 
bispecific T cell redirecting antibody mechanism of action and main related toxicities.
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For patients, this biological vulnerability translates into 
frequent and severe infections, which have emerged 
as one of the leading causes of treatment interruption, 
hospitalization, and early mortality during bispecific 
T cell redirecting antibodies therapy⁵. 

As bispecific T cell redirecting antibodies move 
from late-line salvage settings into earlier disease 
phases and broader patient populations, infection-
risk stratification based solely on traditional factors is 
increasingly inadequate. Neutropenia, disease stage, 
and number of prior therapies capture treatment 
exposure but fail to reflect the host’s ability to tolerate 
sustained immune stress. In this context, frailty 
provides a unifying framework that goes beyond 
conventional risk factors⁶. Unlike age or comorbidity 
counts, frailty integrates biological aging, functional 
impairment, and loss of physiological reserve, all of 
which are closely linked to immune senescence⁶. 
In MM, frailty has consistently predicted inferior 
survival, higher rates of treatment discontinuation, 
and excess non-hematologic toxicity, yet its role 
in shaping infectious risk has only recently been 
explored in depth.

Data from large randomized trials in non-transplant-
eligible newly diagnosed MM confirm that frail 
patients experience substantially higher rates of 
severe infections than fitter individuals⁷. However, 
analyses from the ALCYONE and MAIA trials reveal 
that the relationship between frailty and infection is 
not strictly linear⁸. In ALCYONE, Mateos et al. showed 
that patients categorized as fit did not consistently 
experience fewer infections than those classified 
as intermediate, challenging the assumption that 
apparent robustness equates to lower infectious 
risk⁹. Similar observations emerged from the MAIA 
frailty analysis reported by Facon et al¹⁰. Together, 
these findings highlight the heterogeneity concealed 
within broad frailty categories and emphasize that 
current frailty tools, designed to predict survival and 
treatment tolerance, lack precision for identifying 
patients at highest infectious risk. Disease burden, 
treatment intensity, and immune reserve likely 
interact with frailty in ways not captured by existing 
models.

When frailty intersects with bispecific T cell redirecting 
antibodies therapy, the clinical consequences become 
particularly pronounced. Bispecific T cell redirecting 
antibodies impose a sustained immunosuppressive 
pressure that challenges even preserved immune 
systems⁴. In patients with reduced physiological 
and immunological reserve, this additional burden 
may push host defenses beyond a critical threshold. 
Functional impairment can delay recognition of early 
infectious symptoms, while limited reserve reduces 
tolerance to systemic inflammatory responses 
and sepsis¹¹. Clinically, this results in a subgroup 
of patients at exceptionally high risk of high-grade 
infections, prolonged hospitalizations, and early 

treatment discontinuation, ultimately undermining 
the benefit of these otherwise transformative 
therapies¹².

PREEMPTIVE IMMUNE 
SUPPORT AND PRECISION 
SUPPORTIVE CARE
This convergence calls for a reappraisal of supportive 
care in the era of T-cell redirection. Among preventive 
strategies, immunoglobulin replacement therapy (IgRT) 
stands out as both biologically rational and increasingly 
evidence based¹³. Secondary hypogammaglobulinemia 
is common in advanced MM and is further exacerbated 
by bispecific T cell redirecting antibodies through 
sustained depletion of normal plasma cells¹⁴. Low 
polyclonal IgG levels are strongly associated with 
recurrent and severe infections, yet immunologic 
monitoring and IgRT remain inconsistently applied 
in routine practice. Importantly, reliance on fixed IgG 
thresholds alone may be insufficient to guide IgRT 
initiation, as functional humoral impairment and patient-
specific factors such as frailty, prior infections, and 
treatment-related immune depletion may significantly 
influence infection risk (Figure 1).

Recent real-world and translational studies 
provide compelling evidence that immunoglobulin 
supplementation can meaningfully reduce infectious 
morbidity in patients treated with anti-BCMA bispecific 
T cell redirecting antibodies. In a multi-institutional 
cohort of teclistamab-treated patients, Cheruvalath et 
al. reported a marked reduction in infections among 
those receiving preemptive intravenous IgRT compared 
with those who did not¹⁵. Frerichs et al. demonstrated 
that teclistamab profoundly impairs humoral immunity 
and that IgRT partially restores protective antibody 
levels, translating into fewer infections¹⁶. These findings 
are reinforced by large real-world studies showing a 
dramatic reduction in serious infections associated with 
IVIg use in patients treated with anti-BCMA bispecific T 
cell redirecting antibodies¹⁷,¹⁸.

From a practical standpoint, IgRT use should consider 
IgG levels (<400-500 mg/dL, depending on clinical 
context), infection history, frailty, and treatment intensity. 
Serum IgG levels represent a practical surrogate marker 
to support IgRT initiation, although they should not be 
used in isolation. Early initiation, preferably at bispecific 
antibodies start or rapid IgG decline, appears more 
effective than delayed use. Both IVIg and SCIg are 
options, with dosing tailored to clinical response and 
IgG levels. Regular monitoring of serum IgG during 
treatment may help identify patients at increased risk 
of severe infections and support timely prophylactic 
intervention. Key practical recommendations for 
infection prevention, immunoglobulin monitoring, and 
supportive care during bispecific antibody therapy are 
summarized below (Table 1)⁴.
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Table 1. Key International Myeloma Working Group (IMWG) recommendations for the optimal use of 
bispecific T cell redirecting antibodies in multiple myeloma.

CRS, cytokine release syndrome; ICANS, immune effector cell-associated neurotoxicity syndrome; IgRT, 
immunoglobulin replacement therapy. Adapted from the International Myeloma Working Group immunotherapy 
committee consensus recommendations.
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Importantly, emerging data suggest that timing 
matters. Preemptive IgRT, rather than reactive 
use after recurrent infections, appears to confer 
the greatest benefit, supporting a prevention-
oriented approach based on anticipated risk. Piron 
et al. showed that systematic IgRT prophylaxis 
significantly reduced infections in patients 
receiving anti-BCMA bispecific T cell redirecting 
antibodies, supporting a shift toward prevention-
oriented strategies¹⁹. Similar results were observed 
in contemporary teclistamab cohorts managed with 
routine IVIg prophylaxis²⁰. In this context, IgRT 
should no longer be viewed as a rescue therapy 
but as a core component of preventive care, 
particularly for biologically vulnerable patients. 

Benefit extending beyond those with profoundly low 
IgG levels further suggests that static thresholds 
underestimate true immunological risk, especially in 
frail individuals with qualitative immune impairment.

Integrating frailty assessment with proactive immune 
support represents a practical step toward precision 
supportive care. Frailty evaluation should inform 
not only treatment intensity but also anticipatory 
prophylaxis, monitoring, and early intervention 
strategies in patients considered for bispecific T cell 
redirecting antibody therapy (Figure 2). Patients who 
appear relatively robust may still harbor substantial 
infectious vulnerability, underscoring the need for 
repeated and dynamic assessment over time.

Figure 2. Practical framework for infection risk assessment in multiple myeloma patients receiving bispecific 
T cell redirecting antibodies. Pathophysiology of immunodeficiency in multiple myeloma and consideration 
about risk assessment and prevention measures with vaccination and immunoglobulin replacement therapy 
(IgRT).

CONCLUSION
Looking ahead, infection-risk stratification must evolve 
toward integrated models combining frailty, immune 
profiling, disease burden, and treatment characteristics. 
Longitudinal assessment of immunoglobulin levels, 

lymphocyte subsets, and functional status could better 
identify patients at risk than any single parameter 
alone. Prospective registries and trials incorporating 
frailty-based stratification and standardized infection 
endpoints are urgently needed.

Bispecific T cell redirecting antibodies have 
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transformed the therapeutic horizon of MM, but 
they have also exposed the limits of conventional 
supportive care. Frailty should be recognized as a 
dynamic and actionable determinant of infectious 
risk. Aligning innovative anti-myeloma therapies with 
equally proactive preventive strategies, including early 
IgRT, is essential to translate biological efficacy into 
durable clinical benefit. In the era of T-cell redirection, 
protecting the patient is no longer ancillary to treating 
the tumor; it is a prerequisite for therapeutic success.
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