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Abstract. Background: This study explores the impact of different immunoparesis states on early
infection risk within 6 months of diagnosis in patients with newly diagnosed multiple myeloma
(NDMM), aiming to inform clinical infection prevention strategies.

Methods: A retrospective analysis was conducted on 213 NDMM patients (2016-2024).
Immunoparesis was classified qualitatively (no, partial, and full immunoparesis) and
quantitatively (with immunoglobulin reduction < 50% and > 50%). Early infection rates and
immunoparesis status were assessed using Kaplan-Meier survival curves. Cox regression models
were applied to evaluate the independent prognostic effect of immunoparesis on infection risk.
Results: Immunoparesis significantly increased the risk of early infections. In the qualitative
analysis, infection rates were 15.8% for no immunoparesis, 53.1% for partial, and 53.8%o for full
immunoparesis (Log-rank P = 0.017). In the quantitative analysis, infection rates were 51.9% for
<50% immunosuppression and 54.2% for > 50% immunosuppression, compared to 15.8% for no
immunoparesis (Log-rank P = 0.017). Cox regression analysis showed that partial and full
immunoparesis increased the risk of infection by 8.9-fold (HR = 8.9, P = 0.004) and 7.8-fold (HR
=7.8, P=0.006), respectively. Similarly, <50% and >50% immunosuppression increased infection
risk by 8.67-fold (HR =8.67, P = 0.005) and 7.95-fold (HR = 7.95, P = 0.005), respectively.
Conclusion: Immunoparesis significantly increases early infection risk in NDMM patients.
However, no significant risk gradient was observed relative to the breadth or depth of
immunoparesis within this cohort. Monitoring and timely intervention for immunoparesis are
essential for infection prevention.
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Introduction. Multiple myeloma (MM) is a hematologic
malignancy characterized by the abnormal secretion of
monoclonal immunoglobulins by malignant plasma
cells.22 It predominantly affects elderly individuals® and
typically leads to damage in target organs, including
anemia, renal dysfunction, osteolytic lesions, and

hypercalcemia. With the development of various novel
therapeutic approaches, the survival outcomes for MM
patients have significantly improved; however, the
disease remains incurable. Infections continue to be one
of the most common complications of MM, with the
infection rate in newly diagnosed patients ranging from
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20% to 55% within the first six months after diagnosis.*
Moreover, infections are a major cause of mortality,
particularly early death, with approximately 45% of
early deaths attributable to infection. Prevention and
management of infections remain crucial in the care of
MM patients, especially early infections.

Immunoparesis refers to the suppression of one or
more immunoglobulins (i.e., polyclonal
immunoglobulins) in patients with MM, such as a
reduction in IgA and/or IgM in IgG-type MM patients,>®
resulting in an immunodeficient state.” The incidence of
immunoparesis is extremely high in newly diagnosed
MM patients, reaching 80% to 95%.%° Existing evidence
suggests that immunoparesis has a negative impact on
the survival prognosis of MM patients, with the degree
of immunosuppression and its recovery serving as
independent prognostic factors for the disease.l%!
Studies have confirmed that immunoparesis is an
independent risk factor for early infections.*? However,
to date, no research has examined the relationship
between varying states of immunoparesis and early
infections in patients with MM.

Therefore, we conducted an in-depth study of the
impact of different immunoparesis states on early
infections (within six months of diagnosis) in newly
diagnosed multiple myeloma (NDMM) patients, using
both qualitative classification (the number of polyclonal
immunoglobulin types suppressed) and quantitative
grading (the degree of polyclonal immunoglobulin
reduction). This further explores the factors that
contribute to infection susceptibility, aiming to assist
clinicians in better preventing and managing infections,
thereby reducing infection incidence and mortality rates
in patients.

Study Design.

Study Population Selection. This retrospective study
included 411 patients with diagnosed MM who sought
treatment at our hospital between 2016 and 2024.
Diagnosis of MM was confirmed in all patients
according to the criteria set by the International Myeloma
Working Group (IMWG). Exclusion criteria included:
(1) relapsed or refractory MM; (2) incomplete medical
records or missing baseline laboratory data; (3) a follow-
up duration of less than 6 months without reaching the
study endpoint. Ultimately, 213 patients were included
in the analysis. The detailed patient selection and
exclusion process is illustrated in the flowchart in Figure
S1 of the Supplementary Material. All procedures
involving human participants were conducted in
accordance with the Declaration of Helsinki.

Data Collection. We collected various clinical data at the
time of diagnosis and during the subsequent 6 months in
NDMM patients. These data included baseline
information such as age, gender, ISS stage, genetic high-

risk status, laboratory indicators, imaging results,
immunotyping, and first-line chemotherapy regimens.
Infections were diagnosed based on clinical symptoms,
radiologic findings, and microbiological cultures,
supplemented by PCT, G, and GM tests. Events were
graded per CTCAE v5.0. To ensure data robustness, the
analysis focused on the first episode of grade > 3
infections, defined as severe events requiring
intravenous therapy or hospitalization. Prophylactic
antimicrobial use was excluded. Early infection was
defined as any grade > 3 event occurring within 6 months
of diagnosis.

Immunoparesis was defined as the reduction of one
or more uninvolved or polyclonal immunoglobulins
below the institutional lower limit of normal, specifically
IgG < 7.0 g/L, IgA < 0.7 g/L, or IgM < 0.4 g/L.
Uninvolved immunoglobulins were assigned based on
the MM subtype. For patients with intact
immunoglobulin myeloma, immunoglobulins of the non-
involved classes (e.g., IgA and IgM in a patient with 1gG-
type MM) were assessed for suppression. For patients
with light-chain or non-secretory myeloma, all three
immunoglobulin classes (IgG, IgA, and IgM) were
considered uninvolved and evaluated for immunoparesis.
These components were identified via immunofixation
electrophoresis. In this study, immunoparesis was
assessed using both qualitative and quantitative methods.
Qualitative classification was based on the number of
immunoglobulin types suppressed: 1. No immunoparesis
(all polyclonal immunoglobulins are above the lower
limit of normal); 2. Partial immunoparesis (at least one
but not all polyclonal immunoglobulins are suppressed);
3. Full immunoparesis (all polyclonal immunoglobulins
are below the lower limit of normal). According to the
criteria described by Chakraborty et al., quantitative
classification involved calculating the extent of
suppression for each polyclonal immunoglobulin, with
the following categories: 1. No immunoparesis; 2.
Shallow immunoparesis (decrease < 50%); 3. Deep
immunoparesis (decrease > 50%).1

Statistical Analysis. This study aimed to assess the
relationship between the qualitative and quantitative
states of immunoparesis and the risk of early infection.
All statistical analyses were performed using SPSS
software (version 26.0, IBM) and R software (version
4.3.3). Descriptive statistics were used to summarize the
patients' baseline characteristics. Categorical variables
were expressed as frequencies and percentages, while
continuous variables were presented as means and
standard deviations or medians and interquartile ranges,
depending on the results of normality tests. Kaplan-
Meier survival curves were used to evaluate the impact
of the qualitative and quantitative states of
immunoparesis on early infection risk, and Log-rank
tests were used to assess the significance of intergroup
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differences. To further analyze the independent effects of
different immunoparesis states on infection risk, we
employed Cox proportional hazards regression models,
adjusting for confounding factors such as age, ISS stage,
hemoglobin, creatinine, 2-microglobulin, LDH levels,
and treatment regimens. The proportional hazards
assumption for the Cox models was rigorously verified
using Schoenfeld residuals (Global P = 0.062). For
continuous variables, the assumption of linearity was
confirmed through Martingale residual analysis. All
multivariate analyses were based on complete-case data
from 213 patients, as no covariates were missing. Mann-
Whitney U tests were used to compare immunoglobulin
(IgM, IgA, IgG) levels between the bacterial and non-
bacterial infection groups. The relationship between
treatment regimens and infection types was analyzed
using chi-square tests. All statistical tests were two-tailed,
with P < 0.05 considered statistically significant.

Results

Characteristics of Early Infections. This study included
213 patients, with the patient selection process depicted
in Supplementary Figure S1. The median age was 63
years. According to the ISS staging system, 23.47% of
patients were classified as Stage |, 30.99% as Stage I,
and 45.54% as Stage Ill. Among all patients, 50.5%
(107/213) developed a > 3 grade infection within 6
months of diagnosis, 34.7% (74/213) within 3 months,
and 25.8% (55/213) within 1 month. Among the 107
infected patients, 54 (50.47%) received an IMiD-based
regimen, 36 (33.64%) received an IMiD combined with
Pl regimen, and 17 (15.89%) received a Dara-based
regimen. No significant correlation was found between
the treatment regimen and early infection occurrence
within 6 months of diagnosis.

The most common infection sites were the respiratory
and pulmonary systems, accounting for 51.4% (55/107).
This was followed by gastrointestinal infections (14.9%,
16/107), wurinary tract infections (5.6%, 6/107),
bloodstream infections (6.5%, 7/107), skin and soft
tissue infections (8.4%, 9/107), and infections with
unknown sites (13.1%, 14/107). From a microbiological
perspective, bacterial infections were the most common,
accounting for 21.5% (23/107), followed by viral
infections 9.3% (10/107) and fungal infections 6.5%
(7/107). Infections due to unknown pathogens had the
highest proportion, at 62.6% (67/107). The time
distribution of early infections, distribution of infection
sites, and pathogen distribution are shown in Figure S2.
Compared with non-infected patients, infected patients
had significantly lower red blood cell counts (P = 0.008)
and significantly higher levels of LDH and p2-
microglobulin (P < 0.05). Specific laboratory differences
are shown in Table 1.

Characteristics of Immunoparesis. Among the 213

NDMM patients, 91.1% (194/213) had immunoparesis.
The proportion of early infections in immunoparesis
patients was significantly higher than in those without
immunoparesis. Regarding the M protein types in
immunoparesis patients, 48.5% (94/194) had IgG type,
18.6% (36/194) had IgA type, 17.5% (34/194) had A type,
11.9% (23/194) had « type, 2.1% (4/194) had non-
secretory type, and 1.6% (3/194) had IgM type.

In the qualitative analysis, 23.0% (49/213) had partial
immunoparesis, and 68.1% (145/213) had full
immunoparesis. With an increasing number of
suppressed immunoglobulin types, red blood cell counts
and albumin levels significantly decreased (P < 0.05), as
shown in Table 2. In the quantitative analysis, 24.4%
(52/213) of patients had an Ig suppression level < 50%,
while 66.6% (142/213) had an Ig suppression level >
50%. As the degree of suppression increased, significant
declines in red blood cells, white blood cells, platelets,
and calcium levels were observed, while no significant
differences were observed in genetic high-risk status or
ISS stage (Table 3).

Relationship Between Different States of Immunoparesis
and Early Infection. Within six months of diagnosis, the
infection rates for the no immunoparesis, partial
immunoparesis, and full immunoparesis groups were
3/19 (15.8%), 26/49 (53.1%), and 78/145 (53.8%),
respectively. Kaplan-Meier survival curves showed a
significant difference in infection rates among the three
groups (P = 0.017). Compared to the no immunoparesis
group, the infection rates were significantly higher in the
partial and full immunoparesis groups. During the first
three months after diagnosis, the infection rate in the
partial immunoparesis group was significantly higher
than in the full immunoparesis group; however, after
three months, the infection rate in the full immunoparesis
group gradually increased and intersected with that of the
partial immunoparesis group. In the quantitative
assessment, the infection rates for the no immunoparesis,
suppression degree < 50%, and suppression degree >
50% groups were 3/19 (15.8%), 27/52 (51.9%), and
77/142 (54.2%), respectively. Kaplan-Meier survival
curves showed a significant difference in infection rates
among the three groups (P = 0.017). The infection rates
in both shallow and deep immunoparesis groups were
significantly higher than in the no immunoparesis group.
Although the infection rate slightly increased with
greater degrees of immunosuppression, the infection
curves of the two groups continued to intersect. The
Kaplan-Meier curves for cumulative infection rates
within 6 months post-diagnosis, for both qualitative and
guantitative assessments, are shown in Figure 1.

To assess the independent effects of qualitative and
guantitative immunoparesis on infection timing, we
constructed multivariate Cox proportional hazard models,
adjusting for clinical factors such as age, ISS stage,
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Table 1. Clinical characteristics of patients with and without early infection.

Total

Without early infection

With early infection

Characteristics (n = 213) (%) (n = 106) (%) (n = 107) (%) P
Age 63.00 (54.00, 70.00) 63.50 (55.25, 69.75) 63.00 (54.00, 70.50) 0.688
Gender 0.192
Male 111 (52.11) 60 (56.60) 51 (47.66)
Female 102 (47.89) 46 (43.40) 56 (52.34)
RBC 2.90+0.80 3.05+0.83 2.76+0.74 0.008
ALB 36.42 £ 6.47 36.63 +£6.43 36.21 £6.52 0.639
wBC 4.82 (3.85, 6.58) 4.79 (3.75, 6.67) 4.82 (4.01,6.31) 0.932
N% 60.00 (51.50, 67.40) 57.60 (51.30, 66.38) 61.20 (52.55, 70.60) 0.087
PLT 172.00 (128.00, 218.00) 165.50 (127.25, 207.00) 175.00 (128.50, 226.00) 0.444
LDH 164.00 (124.00, 204.00) 151.00 (117.50, 184.50) 173.00 (133.00, 227.50) 0.003
UA 423.00 (335.00, 524.00) 409.50 (327.75, 524.50) 436.00 (338.00, 522.50) 0.652
Ca 2.29 (2.16, 2.50) 2.27 (2.16, 2.45) 2.32(2.16,2.52) 0.420
Egfr 74.00 (42.10, 95.40) 77.50 (52.97, 95.05) 65.10 (35.95, 98.20) 0.112
D-dimer 0.94 (0.49, 2.13) 0.81 (0.47,1.70) 1.19 (0.57, 2.44) 0.134
B2-MG 5.04 (3.31,9.23) 4.27 (3.18, 7.58) 5.73 (3.73, 10.67) 0.008
ISS 0.123
| 50 (23.47) 31 (29.25) 19 (17.76)
1 66 (30.99) 32(30.19) 34 (31.78)
1l 97 (45.54) 43 (40.57) 54 (50.47)
HRCA 0.227
No 61 (32.80) 25 (28.41) 36 (36.73)
Yes 125 (67.20) 63 (71.59) 62 (63.27)
Chemotherapy regimen 0.247
Pl-based 101 (47.42) 47 (44.34) 54 (50.47)
Combined IMiD and PI 83(38.97) 47 (44.34) 36 (33.64)
Dara-based 29 (13.62) 12 (11.32) 17 (15.89)
Immunoparesis 0.002
No 19 (8.92) 16 (15.09) 3(2.80)
Yes 194 (91.08) 90 (84.91) 104 (97.20)
Qualitative classification 0.007
No immunoparesis 19 (8.92) 16 (15.09) 3(2.80)
Partial immunoparesis 49 (23.00) 23 (21.70) 26 (24.30)
Full immunoparesis 145 (68.08) 67 (63.21) 78 (72.90)
Quantitative classification 0.007
No immunoparesis 19 (8.92) 16 (15.09) 3(2.80)
Shallow immunoparesis 52 (24.41) 25 (23.58) 27 (25.23)
Deep immunoparesis 142 (66.67) 65 (61.32) 77 (71.96)

Abbreviations: RBC, red blood cell count, ALB, Albumin ;WBC, white blood cell count; N%, Neutrophil percentage; PLT, Platelet; LDH,
lactate dehydrogenase; UA, uric acid; Ca, Calcium; Egfr, estimating glomerular filtration rate; p2-MG, B2-microglobulin; ISS, international
Staging System staging; HRCA, high-risk cytogenetic abnormalities; IMID, immunomodulatory drugs; Pl, proteasome inhibitors; Dara:

Daratumumab

hemoglobin, creatinine, B2-microglobulin, LDH, and
treatment regimen, based on relevant studies of infection
risk in MM. The results showed that, in the qualitative
analysis model (Table 4), compared to the no
immunoparesis group, the infection risk in the partial
immunoparesis group was significantly higher (HR = 8.9,

P = 0.004), and in the full immunoparesis group, it was
7.8 times higher (HR =7.8, P =0.006). In the quantitative
analysis model, compared to the no immune suppression
group, the early infection risk in the < 50% suppression
group increased by 8.67 times (HR = 8.67, P = 0.005),
and in the > 50% suppression group, it increased by 7.95
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Table 2. Clinical Features of Multiple Myeloma Patients Based on Qualitative Classification.

Total

No immunoparesis

Partial immunoparesis

Full immunoparesis

Characteristics (n=213) (%) (n = 19) (%) (n = 49) (%) (n = 145) (%) P
Age 63.00 (54.00, 70.00) 58.00 (49.50, 64.50) 65.00 (54.00, 71.00) 63.00 (55.00, 69.00) 0.189
Gender 0.907
Male 111 (52.11) 9 (47.37) 26 (53.06) 76 (52.41)
Female 102 (47.89) 10 (52.63) 23 (46.94) 69 (47.59)
RBC 2.90 £ 0.80 3.54+1.03 3.05+0.80 2.77+0.72 <.001
ALB 36.42 + 6.47 38.95+5.64 37.55+5.96 35.71 +£6.63 0.045
WBC 4.82 (3.85, 6.58) 6.59 (4.54,6.74) 4.82 (3.85,6.83) 4.68 (3.77,6.00) 0.050
N% 60.00 (51.50, 67.40) 59.60 (53.45, 68.30) 60.80 (49.80, 66.70) 59.10 (51.50, 67.40) 0.810
PLT 172.00 (128.00, 218.00)  205.00 (149.50, 259.50) 172.00 (131.00, 208.00)  165.00 (127.00, 214.00) 0.195
LDH 164.00 (124.00, 204.00)  155.00 (127.00, 173.00)  155.00 (129.00, 192.00)  165.00 (121.00, 215.00) 0.444
UA 423.00 (335.00, 524.00)  405.00 (362.50, 488.00)  405.00 (317.00, 528.00)  440.00 (340.00, 524.00) 0.625
Ca 2.29 (2.16, 2.50) 2.31(2.19,2.42) 2.30 (2.17,2.70) 2.27 (2.16,2.49) 0.342
Egfr 74.00 (42.10, 95.40) 76.80 (43.50, 95.70) 71.40 (37.20, 95.20) 73.80 (44.60, 95.20) 0.916
D-dimer 0.94 (0.49, 2.13) 0.81 (0.48,1.44) 0.94 (0.43,2.50) 1.00 (0.51,2.12) 0.909
B2-MG 5.04 (3.31,9.23) 3.61(3.19,9.55) 4.96 (3.32,9.54) 5.19 (3.42,9.13) 0.875
ISS 0.709
| 50 (23.47) 7 (36.84) 11 (22.45) 32 (22.07)
1 66 (30.99) 5(26.32) 16 (32.65) 45 (31.03)
1 97 (45.54) 7 (36.84) 22 (44.90) 68 (46.90)
HRCA 0.391
No 61 (32.80) 6 (50.00) 14 (34.15) 41 (30.83)
Yes 125 (67.20) 6 (50.00) 27 (65.85) 92 (69.17)
Chemotherapy regimen 0.192
Pl-based 101 (47.42) 5 (26.32) 28 (57.14) 68 (46.90)
Combined IMiD and PI 83 (38.97) 10 (52.63) 14 (28.57) 59 (40.69)
Dara-based 29 (13.62) 4 (21.05) 7 (14.29) 18 (12.41)
Infection 0.007
No 106 (49.77) 16 (84.21) 23 (46.94) 67 (46.21)
Yes 107 (50.23) 3(15.79) 26 (53.06) 78 (53.79)

Abbreviations: RBC, red blood cell count, ALB, Albumin ;WBC, white blood cell count; N%, Neutrophil percentage; PLT, Platelet; LDH,
lactate dehydrogenase; UA, uric acid; Ca, Calcium; Egfr, estimating glomerular filtration rate; p2-MG, B2-microglobulin; ISS, international
Staging System staging; HRCA, high-risk cytogenetic abnormalities; IMID, immunomodulatory drugs; PIl, proteasome inhibitors; Dara:

Daratumumab

times (HR = 7.95, P = 0.005). These findings confirm
that immunoparesis significantly increases the risk of
early infection. However, within this cohort, we did not
observe a statistically significant risk gradient associated
with either the breadth (partial vs. full) or the depth (<
50% vs. > 50%) of immunoglobulin suppression.

In the multivariate analysis, creatinine and [2-
microglobulin levels were independent predictors of
early infection (P < 0.05), whereas age, ISS stage,
hemoglobin, and LDH levels did not show significant
effects (P > 0.05). Additionally, the impact of different
treatment regimens on infection risk was analyzed,
revealing no significant differences (P > 0.05).

Exploratory Analysis of Pathogen Distribution and
Clinical Correlates. Among the 107 infected patients,
specific pathogens were identified in 40 cases (37.4%),
including 23 bacterial and 17 non-bacterial infections.
Given this limited microbiological confirmation rate, the
following analyses are considered exploratory and
hypothesis-generating.  We  compared  clinical
characteristics  between these two  subgroups.
Preliminary observations indicated that IgM levels were
lower in the bacterial infection group than in the non-
bacterial group (P = 0.039), whereas no such trend was
observed for IgA or IgG (Table 5).

Additionally, treatment regimens appeared to be
associated with certain infection types in this subgroup.
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Table 3. Clinical Features of Multiple Myeloma Patients Based on Quantitative Classification.

Total

No immunoparesis

Shallow immunoparesis

Deep immunoparesis

Characteristics (n = 213) (%) (n=19) (%) (n = 52) (%) (n = 142) (%) P
Age 63.00 (54.00, 70.00) 58.00 (49.50, 64.50) 64.50 (56.00, 70.00) 63.50 (54.00, 70.00) 0.232
Gender 0.828
Male 111 (52.11) 9 (47.37) 26 (50.00) 76 (53.52)
Female 102 (47.89) 10 (52.63) 26 (50.00) 66 (46.48)
RBC 2.90£0.80 3.54 £1.03 3.09+0.76 2.75+0.72 <.001
ALB 36.42 +6.47 38.95 +5.64 37.37 £5.40 35.74 £ 6.83 0.061
WBC 4.82 (3.85, 6.58) 6.59 (4.54,6.74) 5.15 (4.35,6.86) 4,61 (3.71,5.91) 0.010
N% 60.00 (51.50, 67.40) 59.60 (53.45, 68.30) 61.35 (53.83, 67.93) 58.05 (51.08, 67.15) 0.652
PLT 172.00 (128.00, 218.00) 205.00 (149.50, 259.50) 184.00 (153.00, 236.00) 161.00 (120.25, 206.75) 0.005
LDH 164.00 (124.00, 204.00) 155.00 (127.00, 173.00) 154.50 (127.50, 187.50) 168.50 (124.00, 212.00) 0.448
UA 423.00 (335.00, 524.00)  405.00 (362.50, 488.00) 406.00 (319.75, 501.00) 433.00 (346.50, 529.50) 0.519
Ca 2.29 (2.16, 2.50) 2.31(2.19,2.42) 2.38 (2.23,2.63) 2.26 (2.11,2.47) 0.022
Egfr 74.00 (42.10, 95.40) 76.80 (43.50, 95.70) 69.95 (38.43, 89.83) 73.90 (44.88, 96.33) 0.794
D-dimer 0.94 (0.49, 2.13) 0.81 (0.48,1.44) 0.85 (0.49,1.67) 1.06 (0.51,2.40) 0.708
B2-MG 5.04 (3.31, 9.23) 3.61(3.19,9.55) 4.24 (3.31,8.87) 5.43 (3.45,9.46) 0.686
ISS 0.538
| 50 (23.47) 7 (36.84) 13 (25.00) 30 (21.13)
1 66 (30.99) 5(26.32) 18 (34.62) 43 (30.28)
1] 97 (45.54) 7 (36.84) 21 (40.38) 69 (48.59)
HRCA 0.366
No 61 (32.80) 6 (50.00) 16 (34.78) 39 (30.47)
Yes 125 (67.20) 6 (50.00) 30 (65.22) 89 (69.53)
Chemotherapy regimen 0.342
Pl-based 101 (47.42) 5(26.32) 26 (50.00) 70 (49.30)
Combined IMiD and PI 83 (38.97) 10 (52.63) 21 (40.38) 52 (36.62)
Dara-based 29 (13.62) 4 (21.05) 5(9.62) 20 (14.08)
Infection 0.007
No 106 (49.77) 16 (84.21) 25 (48.08) 65 (45.77)
Yes 107 (50.23) 3(15.79) 27 (51.92) 77 (54.23)

Abbreviations: RBC, red blood cell count, ALB, Albumin ;WBC, white blood cell count; N%, Neutrophil percentage; PLT, Platelet; LDH,
lactate dehydrogenase; UA, uric acid; Ca, Calcium; Egfr, estimating glomerular filtration rate; p2-MG, p2-microglobulin; ISS, international
Staging System staging; HRCA, high-risk cytogenetic abnormalities; IMID, immunomodulatory drugs; Pl, proteasome inhibitors; Dara:

Daratumumab

P=0.017

Time (Duys)

P=0017 B

Time (Days)

Figure 1. Kaplan-Meier Curves of Cumulative Infection Rates in Multiple Myeloma Patients within 6 Months of Diagnosis. (A)
Qualitative Analysis: The impact of different types of immunoparesis (No immunoparesis, Partial immunoparesis, Full immunoparesis) on
cumulative infection rates; (B) Quantitative Analysis: The effect of different degrees of immunosuppression [No immunoparesis, Shallow
immunoparesis (<50%), Deep immunoparesis (>50%)] on cumulative infection rates.
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Table 4. Multivariate Cox Regression Analysis of Early Infections.

Model 1 Qualitative immunoparesis

Model 2 Quantitative immunoparesis

Variables P HR (95%Cl) P HR (95%Cl)
ISS

| 1.00 (Reference) 1.00 (Reference)

I 0.134 1.56 (0.87 ~ 2.81) 0.136 1.56 (0.87 ~ 2.80)

1"l 0.282 1.39 (0.76 ~ 2.51) 0.266 1.40 (0.77 ~ 2.53)
Chemotherapy regimen

Pl-based 1.00 (Reference) 1.00 (Reference)

Combined IMiD and PI 0.292 0.79 (0.51 ~1.22) 0.263 0.78 (0.51 ~ 1.20)

Dara-based 0.183 1.48 (0.83 ~ 2.63) 0.178 1.49 (0.83 ~ 2.66)
Qualitative classification NA

No immunoparesis 1.00 (Reference) NA

Partial immunoparesis 0.004 8.90 (2.01 ~ 39.39) NA

Full immunoparesis 0.006 7.80 (1.82 ~ 33.45) NA
Quantitative classification NA
No immunoparesis NA 1.00 (Reference)
Shallow immunoparesis NA 0.005 8.67 (1.94 ~ 38.64)
Deep immunoparesis NA 0.005 7.95 (1.86 ~ 34.02)
Age(years) 0.893 1.00 (0.98 ~ 1.02) 0.892 1.00 (0.98 ~ 1.02)
Hb(g/L) 0.335 1.00 (0.99 ~ 1.00) 0.348 1.00 (0.99 ~ 1.00)
LDH(U/L) 0.062 1.00 (1.00 ~ 1.00) 0.070 1.00 (1.00 ~ 1.00)
B2-MG(mg/L) 0.014 1.01 (1.01 ~ 1.01) 0.014 1.01 (1.01 ~1.01)
Scr(umol/L) 0.004 1.01 (1.01 ~ 1.01) 0.004 1.01 (1.01 ~ 1.01)

Abbreviations: ISS, international Staging System staging; IMID, immunomodulatory drugs; PI, proteasome inhibitors; Dara: Daratumumab;

Hb: Hemoglobin; LDH, lactate dehydrogenase; 2-MG, p2-microglobulin; Scr: Serum creatinine.

Table 5. Clinical Features Analysis of Bacterial vs. Non-bacterial Infections.

Total

Bacterial

Non-bacterial

Characteristics (n = 40) (%) (n = 23) (%) (n = 17) (%) P
Age 62.00 (56.00, 70.50) 63.00 (52.50, 71.50) 60.00 (56.00, 69.00) 0.913
RBC 2.68 +£0.69 2.53+0.58 2.88£0.78 0.111
WBC 5.00 (3.94, 6.74) 4.68 (4.00, 7.39) 5.36 (3.77, 6.58) 0.665
N% 60.90 (52.45, 68.33) 61.10 (56.05, 68.95) 55.80 (51.40, 66.70) 0.529
PLT 168.00 (124.50, 243.75) 165.00 (134.50, 225.00) 208.00 (97.00, 267.00) 0.892
LDH 169.50 (124.00, 231.50) 197.00 (133.00, 244.50) 165.00 (107.00, 204.00)  0.352
B2-MG 5.90 (3.98, 10.00) 7.75 (3.58, 10.70) 5.16 (4.20, 8.03) 0.452
IgA 0.25 (0.14, 0.89) 0.16 (0.11, 1.32) 0.41 (0.22, 0.69) 0.149
[o[€] 10.80 (4.32, 60.30) 10.90 (3.94, 62.05) 8.83 (4.80, 34.90) 0.892
IgM 0.20 (0.14, 0.29) 0.18 (0.12, 0.22) 0.28 (0.17,0.38) 0.039
ISS 0.062

| 8 (20.00) 6 (26.09) 2 (11.76)

1 11 (27.50) 3(13.04) 8 (47.06)

11 21 (52.50) 14 (60.87) 7 (41.18)
Chemotherapy regimen 0.034

Pl-based 19 (47.50) 15 (65.22) 4 (23.53)

Combined IMiD and PI 14 (35.00) 6 (26.09) 8 (47.06)

Dara-based 7 (17.50) 2 (8.70) 5(29.41)

Abbreviations: RBC, red blood cell count; WBC, white blood cell count; N%, Neutrophil percentage; PLT, Platelet; LDH, lactate
dehydrogenase; p2-MG, B2-microglobulin; IgA,Immunoglobulin A; 1gG, Immunoglobulin G; IgM, Immunoglobulin M; ISS, international
Staging System staging; IMID, immunomodulatory drugs; PI, proteasome inhibitors; Dara: Daratumumab.

However, no statistically significant differences were
observed in the number or degree of immunoparesis

between the groups.

Discussion. Early infections remain one of the leading
causes of early mortality in MM patients.*** Our study
indicates that immunoparesis significantly increases the

analysis did not identify a statistically significant
progressive increase in infection risk corresponding to
the number of suppressed immunoglobulin types or the
severity of immunosuppression.

In our study, 50.5% of patients developed infections
of grade > 3 within six months of diagnosis, with the
most common infection site being the lungs, and the most
common pathogen being bacteria. These findings align

risk of early infections in MM patients. However, our
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with studies by Blimark, Sgrrig, and others.**

The association between immunoparesis and
increased early infection risk observed in our cohort
aligns with established evidence that immune
suppression is a significant predictor of poor prognosis
in MM 81115 Mechanistically, immunoparesis reflects
impaired humoral immunity through suppressed
polyclonal immunoglobulin  synthesis, increasing
susceptibility to pathogens, particularly during the
initiation of immunosuppressive therapy.5%1” While
previous studies have suggested that more severe
immunoparesis  correlates  with  poorer  survival
outcomes, > our study did not observe a significant risk
gradient with respect to the breadth or depth of
suppression.  Specifically, infection rates were
comparable between partial and full immunoparesis,
with no marked increase in risk observed when
comparing immunoglobulin reductions of <50% versus
>50%.

These observations may be influenced by several
factors. The high prevalence of immunoparesis in
NDMM naturally led to a small reference group and a
skewed distribution across subgroups, which, as
reflected in the wider confidence intervals, may have

limited the statistical power to detect subtle risk gradients.

Additionally, this finding is consistent with the
perspective that, while the depth of immunoparesis
relates to overall prognosis, its impact on infection risk
may not follow a strictly linear progression.'® It is
possible that the primary infection risk arises from the
initial disruption of humoral homeostasis. However, as
this  retrospective  cohort lacked longitudinal
immunophenotyping, cellular immune assays, or
cytokine profiling, the biological basis for the absence of
a risk gradient cannot be definitively characterized.
Future prospective studies incorporating comprehensive
immunological assessments are required to further
elucidate the relationship between the severity of
immunoparesis and infection risk.

In the subgroup of patients with microbiologically
identified pathogens (n=40), several preliminary trends
were observed. Within this restricted sample, lower IgM
levels appeared preferentially associated with bacterial
infections compared to IgA or IgG suppression, a finding
that conceptually aligns with the established role of IgM
in humoral immune surveillance.’®* Additionally,
exploratory data suggested potential variations in
pathogen distribution across treatment regimens.
Specifically, bacterial infections predominated in
patients receiving proteasome inhibitors, while viral and
fungal pathogens were more frequently recorded in those
on Dara-based regimens.’® However, since 62.6% of
infection events remained microbiologically
undocumented, these observations derived from a
limited absolute sample size must be strictly regarded as
exploratory and hypothesis-generating rather than

definitive clinical patterns. The low microbiological
confirmation rate in this study reflects the inherent
diagnostic complexities of NDMM in a real-world
setting. This phenomenon stems primarily from the
clinical imperative to initiate empirical antimicrobial
therapy before specimen collection to mitigate early
mortality risks, alongside the logistical challenges of

obtaining specimens in a retrospective setting.
Consequently, these findings regarding IgM and
treatment regimens represent only preliminary

tendencies within our specific cohort. Their biological
significance and therapeutic implications warrant further
investigation in larger prospective studies utilizing
standardized microbiological screening protocols.

Our analysis also revealed that 32-microglobulin and
creatinine levels are independent predictors of early
infections, consistent with the findings of Charles et
al.2%?! Elevated B2-microglobulin levels indicate higher
tumor burden, while elevated creatinine levels suggest
renal dysfunction, both of which are risk factors for
infections.

Several limitations of this study warrant
consideration. While the analysis focused on established
prognostic markers, certain granular clinical factors,
including cumulative steroid exposure, performance
status, and specific prophylaxis strategies, were not
incorporated into the multivariate models. Although
proxy indicators such as ISS stage and continuous
creatinine levels were used to reflect disease burden, the
independent prognostic value of immunoparesis remains
suggestive. Additionally, the high prevalence of
immunoparesis (91.1%) in this cohort naturally limited
the size of the reference group to nineteen patients. This
numerical imbalance led to wider confidence intervals in
the Cox models, warranting cautious interpretation of the
precise hazard ratio magnitudes. Notably, our data did
not demonstrate a statistically significant risk gradient
across varying breadths or depths of suppression. This
observation may suggest that any degree of
immunoglobulin  reduction  constitutes a critical
threshold for elevated infection risk in this population.
However, we also recognize that the study might be
underpowered to discern more subtle differences.
Therefore, these findings should be interpreted as a lack
of demonstrated difference within this specific cohort
rather than proof of biological equivalence. Future
prospective studies with larger, more balanced cohorts
are necessary to further refine these risk estimates.
Finally, as detailed in the previous section, the pathogen-
specific analysis is constrained by the high rate of
undocumented infections and the limited number of
confirmed samples. These exploratory findings are
hypothesis-generating and should not be interpreted as
definitive proof of risk equivalence between suppression
states. Future prospective studies with larger, more
balanced cohorts are required to further refine these risk
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estimations.

Conclusions. In conclusion, immunoparesis is a
significant and independent predictor of early infection
risk in patients with NDMM. While our data do not
demonstrate a risk gradient based on the specific breadth
or depth of immunoglobulin suppression, the high
incidence of severe infection across all suppression states
is clinically noteworthy. These findings underscore that
immunoparesis, regardless of severity, is a critical
indicator for identifying high-risk patients. Clinicians
should prioritize assessing immunoparesis at diagnosis
to support vigilant monitoring and the implementation of
timely infection prevention strategies.
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