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Purpose: To assess the prognostic significance of B2-microglobulin decline
index (B2M DI) in multiple myeloma (MM).

Methods: 150 MM patients diagnosed with MM were enrolled in this study. Cox
proportional hazards model was used to analyze the uni- and multivariate
prognosis in training cohort (n=105). A new combined prognostic model
containing B2M DI was built up based on the data in training cohort. The
validation group was used to verify the model.

Results: f2M DI showed significant correlation with prognosis in both uni- and
multivariate analyses and had a good correlation with complete response (CR)
rate and deep remission rate. The ROC and calibration curves in validation cohort
(n=45) indicated a good predictive performance of the new model. Based on the
median risk score of the training group, we classified patients into high- and low-
risk groups. In both training and validation groups, patients in the low-risk group
had longer overall survival (OS) time than that in the high-risk group (p<0.05).

Conclusion: B2M Dl is a good predictive index for predicting treatment response
and survival time in MM patients. The prognostic model added with 2M DI
showed a better correlation with OS.

KEYWORDS

multiple myeloma, B2-microglobulin descending index, f2-microglobulin, prognostic
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1 Introduction

Multiple myeloma (MM) is a malignant monoclonal plasma cell
tumor, accounting for about 10% of hematologic tumors which was
characterized with anemia, recurrent infection, renal failure,
hypercalcemia, ostalgia and pathological fractures (1). The
variability of prognostic outcomes for patients with MM is due to
the biological and genetic characteristics of myeloma cells and
individual factors of the host (2). Therefore, understanding the
clinical and host factors associated with prognosis is critical to
identifying high-risk populations and individualizing treatment.

The prognostic factors of multiple myeloma mainly include
three major aspects: patient factors, tumor characteristics and
treatment response. Patient factors refer to the patient’s general
condition, including age, fitness status, and physical and mental
health (3). Tumor characteristics refer to tumor burden (the
number of myeloma cells in the body), the stage of disease
progression, and whether cytogenetics are abnormal. The current
commonly used Durie-Salmon (DS) stage reflects tumor burden
and the Revised International Staging System (R-ISS) is used to
assess prognosis. We can assess the patient’s tumor burden and
disease progression based on biochemical indicators (e.g.,
hemoglobin, serum calcium, B2-microglobulin(f2M), serum
albumin, lactate dehydrogenase(LDH)) to determine the stage of
the disease (4). Response to treatment refers to the efficiency of the
treatment on the patient, that is, the degree of remission of the
disease. At present, the clinical efficacy evaluation is divided into
two criteria——the traditional efficacy criteria (disease progression
(PD), partial response (PR), verygood partial response(VGPR),
complete response (CR), etc.) and minimal residual disease
(MRD) efficacy criteria (5), which require mid-treatment bone
marrow detection and complex laboratory equipment (such as
second-generation flow cytometry, nested PCR amplification
combined with NGS deep sequencing method, PET-CT, etc.). It is
therefore desirable to find a routine clinical laboratory test in
hospital laboratories to assess patients’ response to treatment and
predict survival time.

At present, f2M has been shown to be a routine clinical
laboratory test in hospital laboratories and a valid independent
predictor of survival in patients with MM (6-9). In our study, we
developed a B2-microglobulin descending index (32M DI) formula
based on the change in P2M before and after treatment. We
randomly divided patients into training and validation groups.
Uni- and multivariate Cox regression analysis showed that 32M
DI could better reflect the prognosis of MM patients under
treatment than pre-treatment B2M alone. f2M DI showed
significant correlation with and had a good correlation with CR
rate and deep remission rate. Based on the data in the training
cohort, we build a new combined predictive model containing
B2MDL. In our study, patients in the low-risk group had longer
overall survival (OS) time than that in the high-risk group, and the
new model was proved to have good predictive performance. In
general, both f2M DI and the predictive model containing $2M DI
showed good correlation with OS.
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2 Patients and methods
2.1 Research objects

We collected clinical data of MM patients who were first
diagnosed in the First Affiliated Hospital of Wenzhou Medical
University from January 2015 to December 2020.Inclusion Criteria:
1. Diagnosis met the diagnostic criteria of the “Guidelines for the
Diagnosis and Treatment of Multiple Myeloma” revised by IMWG
in 2022 and excluded monoclonal gammopathy of undetermined
significance (MGUS) and solitary plasmacytoma. 2. Complete
clinical indicators that could be used to determine diagnosis and
staging. 3. Had received at least 3 courses of induction
chemotherapy in our hospital. Exclusion criteria: 1. Combined
with other malignant tumors. 2. Lack of complete review
indicators that could assess efficacy. According to the inclusion
and exclusion criteria above, a total of 250 patients diagnosed with
MM during this period were collected, of which 40 patients were
excluded for receiving less than 3 courses of chemotherapy in our
hospital, 27 patients were excluded because of irregular follow-up,
32 patients were excluded due to insufficient clinical data to assess
their condition, and 1 patient was excluded due to combine with
other tumors. At last, 150 patients were included in the study.

Pre-treatment clinical indicators, survival time and survival
status of patients were collected through access to inpatient data
and outpatient records in the hospital case system and
telephone follow-up. The last follow-up for all patients was
2022-5-31.

2.2 Definition of 32M DI

when initial serum f2M > 3.5mg/L, f2M DI= (initial serum
B2M - serum B2M after treatment)/initial serum 2M; When initial
serum 2M < 3.5 mg/L, B2M DI = 1. All patients included in the
study received three courses of PIs-based chemotherapy.And post-
treatment B2M was defined as B2M after 3 courses
of chemotherapy.

2.3 Analysis of clinical factors affecting
2M DI

“surv_cutpoint” function of “cutoff” package in R software was
used to calculate the maximum selection rank statistic to determine
the optimal truncation value of f2M DL. Firstly we used multiple
logistic regression to analyze the effect of age (<65; 265), sex,
creatinine(<177umol/L; >177umol/L), LDH (<245 u/L; >245 u/L),
albumin (<35 g/L; 235g/L),hemoglobin(<100g/L; =100 g/L),
corrected serum calcium (total serum calcium (mmol/L) -0.025x
serum albumin (g/L) + 1.0 (mmol/L) (£2.65 mmol/L; >2.65 mmol/
L), light chain type (iGA), subtype, CD56 (negative; positive) on
2M. And binary logistic regression was used to analyze the effects
of the above indicators on $2M DL
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2.4 Correlation of 32M DI with
treatment response

We assessed patients’ treatment response using CR rate and deep
remission rate. Deep remission refers to efficacy of VGPR and above.
The difference in treatment response between $2M DI>0.63 and <0.63
groups was compared, and the chi-square test was used to verify the
statistical difference. p<0.05 was considered statistically significant.

2.5 Prognostic analysis and
model construction

R 4.1.1 software was used to perform an independent prognostic
analysis of clinical features. First, the patients were divided
randomly into training and validation cohorts at a 7:3 basis. In
the training group, Uni- and multivariate Cox regression method
was used to analyze the effects of age, sex, hemoglobin, ISS, RISS, DS
stage, albumin, neutrophil, lymphocyte, platelet, 2M, LDH,
creatinine, total bilirubin(TB), direct bilirubin(DB),light chain
type, corrected serum calcium, monoclonal plasma cell ratio,
whether autologous transplantation was performed, and 32M DI
on the survival of MM patients. And the variables affecting OS and
progression free survival (PES) time were obtained. P<0.05 was
statistically significant. “ggsurvplot” function in R was used to plot
the K-M survival curve.

Variables that had significant influence on OS from multivariate
analysis were included in the prognostic model predicting 2-, 3- and
4-year survival. The validation group was used to verify the model,
and the AUC value and calibration curve predicting the survival
rate of 2, 3 and 4 years were obtained.

3 Results
3.1 Patient characteristics

The median age of 150 patients at diagnosis was 63 (32,85),
including 79 males and 71 females. A total of 35 patients underwent
autologous transplantation. The median survival of all patients was
33.3 months (7.6, 78.8) and the median progression-free survival
was 26.18 months (3.2, 78.8). By the end of follow-up, 95 patients
were alive and 55 were dead. The 150 patients were divided into

Training == £2M DI<063 = (2M DI>063

Overall survival

p=0014

[ 365 730 1095 1460 1825 2190
Time
Number at risk

82MDI<063 { 42 37 23 13 8 4 2
#2M DI==0.63 { 63 62 49 31 21 6 1
0 365 730 1095 1460 1825 2190
Time

FIGURE 1
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training (n=105) and validation cohorts (n=45) in a ratio of 7:3, and
there were no significant differences in the clinical features of the
two groups (Supplementary Table SI).

3.2 Clinical indicators affecting f2M and
2M DI

Serum 2M was normal in 60 out of 150 patients(<3.5mg/L). In
the remaining 90 patients, after 3 courses of PIs-based
chemotherapy, the serum B2M of 85 patients decreased to
varying degrees, with a median decline index of 0.55 (0.04, 0.91),
while the serum B2M of 5 patients was higher than the initial
treatment with a median decline index of -0.49 (-2.07, -0.01).

Before analyzing the factors affecting f2M DI, to exclude some
clinical indicators that may interfere by affecting B2M at the initial
diagnosis, we first analyzed the influence of each clinical factor on
B2M. We found that there were significant differences in LDH
(p=0.015), hemoglobin (p<0.001), and corrected serum calcium
(p=0.026) between P2M<3.5mg/L and B2M=>5.5mg/L groups.
Between B2M<3.5mg/L and B2M 3.5-5.5mg/L, there was a
statistically significant difference between LDH (p=0.005) and
hemoglobin (p=0.024) only(p<0.05). The distribution of other
parameters in the model were shown in (Supplementary Tables S2, S3).

The optimal cut-off value of f2M DI was 0.63 by calculating the
maximum selection rank statistic (Supplmentary Figure S1).
According to this cut-off value, B2M DI was divided into high
and low groups. The results showed that creatine (p = 0.010), LDH
(p=0.003), and albumin (p=0.001) had distinct effects on 32M DI
(p<0.05). When creatinine<177umol/L, LDH< 245u/L, and
albumin>35g/L, B2M DI had an advantage. The distribution of
other clinical indicators between B2M DI groups were shown in
(Supplementary Table S4). In summary, patients with high albumin
levels and lower creatinine had greater $2M DI overall and were not
disturbed by initial B2M.

3.3 Independent prognostic analyses
reflect the prognostic value of 32M DI

Univariate analysis showed significant difference in OS between
the high and low B2M DI groups in training group(p=0.016). K-M
curves in (Figure 1) showed that patients in f2M DI>0.63 group
had longer OS than those in <0.63 group in both training(p=0.014)

Validation = §2M DI<0.63 = £2M DI=063

Overall survival

p=0.0039

0 365 730 1095 1460 1825 2190
Ti

ime
Number at risk
f2MDI<063 { 18 17 12 6 3 1 1
R2MDI=063{27 27 25 13 9 4 1
0 365 730

1095 1460 1825 2190
Time

K-M curves showed difference in OS between B2M DI >0.63 and <0.63 groups in training (A) and validation (B) groups.
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and validation(p=0.0039) groups. In addition, age, LDH, corrected As albumin, LDH and B2M were collinearity with ISS, RISS, and
serum calcium, RISS III, and transplantation were associated with ~ 32M DI, and hemoglobin, serum creatinine and corrected serum
OS for MM in training group(p<0.05); And age, hemoglobin, LDH,  calcium were collinear with DS stage, we excluded these variables in
creatinine, corrected serum calcium, DS stage III, platelet, and  multivariate Cox regression analysis. The results of multivariate
transplantation were showed correlation with PFS in MM patients ~ analysis showed that ISS (p<0.001(ILIII)), RISS (p=0.001(II) and
(p<0.05) (Table 1). p<0.001(III)), light chain type(p=0.03), transplantation (p=0.004),

TABLE 1 Univariate Cox analysis of factors affecting OS and PFS of MM.

oS PFS
95% ClI P value 95% Cl P value
Age
<65 — — — _
>65 223 1.14, 4.34 0.019 2.16 1.28, 3.62 0.004
‘ Gender
Female — — — —
Male 126 0.65, 2.46 0.494 111 0.67, 1.84 0.674
‘ Hemoglobin
<100g/L — — — —
>100g/L 0.59 0.30, 1.16 0.129 0.53 0.32, 0.89 0.016
‘ ISS
1 _ — _ _
1l 0.74 0.30, 1.78 0.500 0.69 0.35, 1.35 0.277
111 1.49 0.66, 3.40 0.338 1.26 0.66, 2.38 0.480
‘ RISS
1 _ — _ _
i 127 0.51, 3.14 0.604 0.91 0.48, 1.71 0.763
Jui 3.41 1.17, 9.90 0.024 1.64 0.72, 3.74 0.243
‘ DS stage
I — — — —
il 2.88 0.36, 23.1 0.319 1.64 0.54, 4.94 0.381
11 7.07 0.95, 52.7 0.056 3.17 1.13, 891 0.029
‘ Albumin
<35g/L — — — —
>35g/L 0.82 0.41, 1.62 0.564 0.92 0.55, 1.54 0.748
TB 0.93 0.85, 1.02 0.134 0.96 0.90, 1.03 0.230
DB 0.89 0.72, 1.11 0.315 0.96 0.84, 1.11 0.584
Neutrophil 0.95 0.83, 1.09 0.493 0.87 0.75, 1.01 0.070
lymphocyte 1.00 0.61, 1.64 0.997 0.95 0.65, 1.38 0.774
Platelet 1.00 0.99, 1.00 0.098 0.99 0.99, 1.00 0.001

(Continued)
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TABLE 1 Continued

10.3389/fonc.2024.1322680

(O PFS
95% Cl P value 95% Cl P value
B2M

<3.5mg/L — — — —

3.5mg/L-5.5mg/L 143 0.59, 3.46 0.427 1.12 0.57, 2.21 0.735

>5.5mg/L 1.68 0.79, 3.54 0.175 1.42 0.81, 2.50 0217
LDH

<245u/L — — _ _

>245u/L 4.03 1.99, 8.16 <0.001 4.03 1.99, 8.16 <0.001
Creatinine

<177umol/L — — — _

>177umol/L 4.04 1.80, 9.04 <0.001 2.29 1.17, 445 0.015
Corrected serum calcium

<2.65mmol/L — — — _

>2.65mmol/L 2.52 121,527 0.014 1.93 1.09, 3.40 0.024
Light chain type

K _ _ _ _

r 1.77 0.92, 3.43 0.090 1.20 0.73, 1.98 0.479
Monoclonal plasma cell ratio 1.01 0.98, 1.03 0.562 1.00 0.98, 1.02 0.983
Transplant

No — — — —

Yes 0.11 0.03, 0.45 0.002' 0.40 0.21, 0.78 0.007
2M DI

<0.63 — — _ _

>0.63 0.45 0.23, 0.86 0.016 0.48 0.26, 0.89 0.020

HR, Hazard Ratio; CI, Confidence Interval.

and B2M DI (p<0.001) were independent prognostic factors of OS
(p<0.05); ISS(p=0.012(II) and 0.021(III)), platelet(p=0.006), and
B2M DI (p=0.016) were independent factors affecting PFS
(p<0.05) (Table 2).

3.4 B2M DI was well correlated with CR
rate and deep remission rate
after treatment

We assessed the extent of remission in all patients after three
courses of chemotherapy. Among the 90 patients with f2M
DI>0.63, 23 achieved CR and 24 achieved VGPR. And among
the 60 patients with f2M DI < 0.63, the number of people who
achieved CR and VGPR was 4 and 15 respectively. The CR rate
and deep remission rate of f2M DI>0.63 group were significantly

Frontiers in Oncology

higher than those in B2M DI < 0.63 group (CR rate: 25.6% vs 6.7%,
p=0.003; Deep remission rate: 52.2% vs 31.7%, p=0.013)
(p<0.05) (Table 3).

3.5 B2M Dl related prognostic
model construction

RISS, light chain type, transplantation, and B2M DI were
significantly associated with OS in multivariate regression
analysis. Therefore, these four variables were used to construct
a nomogram predicting 2-, 3- and 4-year survival rates
(Figure 2A) and calculate the total score for each patient. ROC
curve was used to assess the sensitivity and specificity of the
combined model. In the training group, the AUC values for 2-, 3-
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TABLE 2 Independent prognostic factors affecting OS and PFS of MM were analyzed by multivariate Cox regression analysis.

(0} PFS
95% Cl P value 95% Cl P value
Age
<65 — — — —
>65 1.28 0.58, 2.83 0.545 1.55 0.81, 2.95 0.181
‘ Gender
Female — — — —
Male 2.11 0.94, 4.70 0.069 1.17 0.68, 2.02 0.568
‘ ISS
I — — — J—
il 0.01 0.00, 0.11 <0.001 0.10 0.02, 0.61 0.012
Juis 0.01 0.00, 0.08 <0.001 0.11 0.02, 0.71 0.021
‘ RISS
I — — — —
il 223 3.39, 146 0.001 3.64 0.66, 20.1 0.138
il 75.4 7.24, 785 <0.001 4.11 0.59, 28.4 0.152
‘ DS stage
1 — — — —
il 2.23 0.19, 25.6 0.519 1.59 0.48, 5.27 0.446
11 3.76 0.30, 46.7 0.303 2.46 0.76, 7.95 0.131
TB 0.87 0.73, 1.05 0.142 0.94 0.82, 1.07 0.332
DB 1.06 0.77, 1.46 0.721 1.01 0.81, 1.27 0.906
Neutrophil 0.95 0.80, 1.12 0.536 0.88 0.74, 1.04 0.146
lymphocyte 1.34 0.77, 2.32 0.305 1.03 0.68, 1.56 0.876
Platelet 1.00 0.99, 1.00 0.223 0.99 0.99, 1.00 0.006
‘ Light chain type
" _ _ _ _
r 2.50 1.09, 5.73 0.030 1.63 0.89, 3.01 0.114
Monoclonal plasma cell ratio 1.01 0.99, 1.04 0.341 0.99 0.97, 1.01 0.280
‘ Transplant
No — — — —
Yes 0.08 0.01, 0.44 0.004 0.50 0.24, 1.07 0.076
‘ 32M DI
<0.63 — — — —
>0.63 0.15 0.05, 0.45 <0.001 0.42 0.21, 0.85 0.016

and 4-year survival were 78.44 (95%Cl: 69.18, 87.7), 77.77(68.28, ~ 83.7 (68.56, 98.84), 76.15(62.21, 90.1) and 87.61(77.31, 97.91)
87.26) and 83.2(74.8, 91.59) respectively (Figure 2B). In the  compared with the predicted light chain type, transplantation,
validation group, AUC values of 2-, 3- and 4-year survival of  and RISS only (Figures 2B, C). The calibration plot showed that
the predictive model combined with 2M DI increased from  nomogram containing f2M DI performed well in predicting 2-,
72.87(53.18, 92.55), 64.21(48.57,79.85) and 72.34 (56.8, 87.89) to  3- and 4-year survivals (Figure 2D).
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TABLE 3 Differences in treatment response between 2M DI>0.63 and

<0.63 groups.

Disease response

10.3389/fonc.2024.1322680

3.6 The new combined prognostic model

showed good correlation with OS

In the training group, we calculated the risk score of each

patient according to the newly-built-up prognostic model and

divided them into high- and low-risk groups based on the median

CR 23(25.6%) 4(6.7%) 0.003 value. The K-M plot showed that in the training cohort, patients in
the low-risk group had longer OS time than those in the high-risk
Deep remission 47(52.2%) 19(31.7%) 0.013 8 P & 8
(CR+VGPR) group (p<0.001) (Figure 3A). At the same time, we divide the
validation group into high- and low-risk cohorts according to the
A 0 10 20 30 40 50 60 70 80 90 100
Points . TR AR
1
RISS —
| i No
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Yes A
Light chain type —_—
« <063
R2M DI —
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FIGURE 2

A combined prognostic model was constructed and verified in the validation group. (A) The nomogram showed a combined model including RISS,
light chain type, transplantation, and B2M DI was built up to predict 2-, 3- and 4-year survivals probabilities. (B) ROC curves for the combined model
predicting 2-, 3- and 4-year survivals in the training and validation cohort. (C) ROC curves for the model without f2M DI predicting 2-, 3- and 4-
year survivals in the training and validation cohort. (D)The calibration plots of the combined model predicting 2-, 3- and 4-year survivals.
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K-M plot reflecting the difference of OS survivals between high and low risk score groups. (A) OS comparison of patients in the high and low risk
groups in the training group. (B) The hazard stratification obtained based on the survival model of the training group was verified in the

validation group.

cut-off value in the training group. (Figure 3B) showed that patients
in the low-risk group in the validation group also had longer
survival overall(p=0.041).

4 Discussion

B2M is synthesized in all nucleated cells and forms the light chain
subunit of the major histocompatibility complex (MHC) class I
antigen (10),involving in cell survival, proliferation, and metastasis
of various types of cancer (11, 12). Serum B2M levels are directly
correlated with tumor burden, as the release of free soluble B2M from
the cell membrane or cytoplasm correlates with cell turnover rates
(11). At present, serum B2M levels have been extensively studied for
their prognostic value in a variety of hematologic disorders. In our
study, the B2M DI formula was constructed by comparing the decline
rate of B2M after treatment. It was found that f2M DI was an
independent prognostic factor in MM patients. The addition of f2M
DI to the prognostic model increased the AUC value of the model.

The wide use of PIs has led to a long survival time for most
patients, and the B2M level of pHypoproteinemiaatients has
continued to change after repeated treatment. Individual differences
have led to different treatment responses. The use of pre-treatment
B2M alone to assess prognosis has certain limitations. Unlike 32M,
[B2M DI reflects the decline rate of B2M after treatment, which breaks
through the limitations of different patients’ response to plasma cell
targeted drugs, so it still showed a good correlation with prognosis in
the context of PIs as the main chemotherapy regimen. In our analysis,
2M DI had a good correlation with CR rate and deep remission rate.
Traditional efficacy assessment relies on complex methods such as
bone marrow testing, while B2M DI only needs to measure the
current B2M level at follow-up. We suspect f2M DI could be an
indicator that can help clinicians quickly determine a patient’s
sensitivity to treatment.

In our analysis, patients with high albumin levels and lower
creatinine had greater 32M DI overall and were not disturbed by
initial B2M, which suggested that hypoproteinemia and renal
insufficiency could slow the decline of B2M. Albumin levels
reflect tumor burden and it is a known fact that albumin is

Frontiers in Oncology

associated with the survival of MM (13).We hypothesized that
high tumor burden might be one of the cause of lower levels of
albumin and poor chemotherapy response. Whether albumin levels
reflect chemotherapy response like f2M DI requires further
experiment. At the same time, $2M needs to be cleared by the
glomeruli. Therefore, patients with renal insufficiency have a
slowdown in the decline of B2M due to impaired f2M excretion.

In multivariate regression analysis, MM patients with A type had a
shorter OS than K type. In a retrospective study, serum free light
chains (SFLCs) were significantly higher in patients with monoclonal
gammopathy with ¥ chain lesions than their counterparts with A chain
lesions (14); Free light chains are the cause of renal injury in MM
patients (15). Early studies have also shown the role of bortezomib in
reducing circulating immune complex and immunoglobulin
fragments (16, 17).Therefore, the reason for the longer OS in MM
patients with K chain may be that these patients had lower SFLCs
concentrations and faster onset of action for PIs therapy.

In our analysis, autologous stem cell transplantation (ASCT)
significantly improved OS in MM patients. Currently, ASCT after
high-dose chemotherapy is considered the standard therapy for
newly diagnosed MM (18). In the IFM Phase III clinical trial in
2009, the CR rate and minimal residual disease negative rate
(p<0.001) in the ASCT group were significantly higher than in
the bortezomib-lenalidomide-dexamethasone chemotherapy group
alone, which was consistent with the results of our analysis (19).

Historically, therapeutic monitoring of MM has relied primarily
on electrophoresis and/or immunofixation to identify and quantify
monoclonal proteins in serum and urine samples (5, 20). However,
the detection of MRD often requires more complex laboratory
equipment (such as second-generation flow cytometry, nested PCR
amplification combined with NGS deep sequencing method, PET-
CT, etc.). Therefore, we need to develop a simple clinical indicator
that can not only avoid the pursuit of demanding CR goals, but also
reflect a good response and optimistic survival time.

Retrospective analysis showed that the depth of response was
associated with OS and PFS in both patients with medical therapy
alone and transplantation (21, 22). B2M represents tumor burden,
and its decline often indicates a reduction in tumor burden.
Previous report has also shown that B2M was a reliable marker
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for assessing chemotherapy response and prognosis in patients with
MM. Serum 2M and monoclonal proteins were equally predictive
in most MM patients (23). Our study confirms that her decline was
not only related to the reduction of tumor burden, but also to
treatment response and patient survival. The results of the
validation group showed that the survival prediction model based
on 32M DI improves the AUC value of the traditional model.

Our study also has certain limitations. Firstly, as some patients
did not have regular follow-up, we did not analyze the association of
B2M DI with the degree of maximum remission. Secondly, The
median OS and PFS of patients with MM in this study were shorter
than expected, which may be due to the fact that some patients with
better underlying conditions were later transferred to outpatient
follow-up or treatment in primary hospitals, and these patients were
not included in the study due to loss to follow-up, so a multicenter
study is needed to confirm whether this conclusion is applicable to
the broader population.

In conclusion, f2M Dl is a convenient, rapid, and clinically easy
to detect method to assess the post-treatment response and long-
term prognosis of patients. The addition of 2M DI to the
prognostic model significantly improved the sensitivity and
specificity of using traditional R-ISS to predict prognosis.

5 Conclusion

B2M DI is a good predictive index for predicting treatment
response and survival time in MM patients. The prognostic model
added with 2M DI showed a better correlation with OS.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethics
Committee in Clinical Research of the First Affiliated Hospital of
Wenzhou Medical University. The studies were conducted in
accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study. Written informed consent was
obtained from the individual(s) for the publication of any
potentially identifiable images or data included in this article.

Author contributions

TZ: Investigation, Writing — original draft. ZL: Data curation,
Investigation, Writing — original draft. ZZ: Investigation, Writing —
original draft. QW: Investigation, Writing — original draft. SZ:
Investigation, Writing - review & editing. BZ: Investigation,
Writing - original draft. DZ: Investigation, Writing — original draft.

Frontiers in Oncology

10.3389/fonc.2024.1322680

ZC: Investigation, Writing - original draft. SZ: Investigation, Writing
- original draft. YuZ: Supervision, Writing — review & editing. XL:
Data curation, Writing - review & editing. RD: Data curation,
Investigation, Writing - review & editing. JC: Data curation,
Writing - review & editing. HQ: Data curation, Writing - review
& editing. XH: Data curation, Writing — review & editing. YaZ: Data
curation, Writing — review & editing. QZ: Data curation, Writing —
review & editing. ZJ: Supervision, Writing — review & editing. SJ:
Supervision, Writing — review & editing. YM: Conceptualization,
Funding acquisition, Supervision, Writing — review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This study
was supported by grants from The National Natural Science
Foundation (grant nos.82270212), the Natural Science
Foundation of Zhejiang province (grant nos. LY20H080003) and
the Wenzhou Municipal Science and Technology Bureau (grant
nos. Y20220716), and Discipline Cluster of Oncology, Wenzhou
Medical University, China(NO.z2-2023023).

Acknowledgments

The authors thank the multiple myeloma working group in The
First Affiliated Hospital of Wenzhou Medical University for their
help with data collection.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1322680/
full#supplementary-material

SUPPLEMENTARY FIGURE 1

The optimal cut-off value of B2M DI was obtained by calculating the
maximum selection rank statistic

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1322680/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2024.1322680/full#supplementary-material
https://doi.org/10.3389/fonc.2024.1322680
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhang et al.

References

1. Kyle RA, Rajkumar SV. Multiple myeloma. N Engl ] Med. (2004) 351:1860-73.
doi: 10.1056/NEJMra041875

2. Firth J. Haematology: multiple myeloma. Clin Med (Lond). (2019) 19:58-60.
doi: 10.7861/clinmedicine.19-1-58

3. Pawlyn C, Cairns D, Kaiser M, Striha A, Jones J, Shah V, et al. The relative
importance of factors predicting outcome for myeloma patients at different ages: results
from 3894 patients in the Myeloma XI trial. Leukemia. (2020) 34:604-12. doi: 10.1038/
541375-019-0595-5

4. Fechtner K, Hillengass J, Delorme S, Heiss C, Neben K, Goldschmidt H, et al.
Staging monoclonal plasma cell disease: comparison of the Durie-Salmon and the
Durie-Salmon PLUS staging systems. Radiology. (2010) 257:195-204. doi: 10.1148/
radiol.10091809

5. Kumar S, Paiva B, Anderson KC, Durie B, Landgren O, Moreau P, et al.
International Myeloma Working Group consensus criteria for response and minimal
residual disease assessment in multiple myeloma. Lancet Oncol. (2016) 17:e328-e46.
doi: 10.1016/S1470-2045(16)30206-6

6. Greipp PR, San Miguel J, Durie BG, Crowley JJ, Barlogie B, Bladé J, et al.
International staging system for multiple myeloma. J Clin Oncol. (2005) 23:3412-20.
doi: 10.1200/JCO.2005.04.242

7. Bataille R, Durie BG, Grenier J, Sany J. Prognostic factors and staging in multiple
myeloma: a reappraisal. J Clin Oncol. (1986) 4:80-7. doi: 10.1200/JCO.1986.4.1.80

8. Palumbo A, Avet-Loiseau H, Oliva S, Lokhorst HM, Goldschmidt H, Rosinol L,
et al. Revised international staging system for multiple myeloma: A report from
international myeloma working group. J Clin Oncol. (2015) 33:2863-9. doi: 10.1200/
JCO.2015.61.2267

9. Bataille R, Durie BG, Grenier J. Serum beta2 microglobulin and survival duration
in multiple myeloma: a simple reliable marker for staging. Br ] Haematol. (1983)
55:439-47. doi: 10.1111/§.1365-2141.1983.tb02158.x

10. Peterson PA, Cunningham BA, Berggard I, Edelman GM. 2 -Microglobulin-a
free immunoglobulin domain. Proc Natl Acad Sci U S A. (1972) 69:1697-701.
doi: 10.1073/pnas.69.7.1697

11. Shi C, Zhu Y, Su Y, Chung LW, Cheng T. Beta2-microglobulin: emerging as a
promising cancer therapeutic target. Drug Discovery Today. (2009) 14:25-30.
doi: 10.1016/j.drudis.2008.11.001

12. Josson S, Nomura T, Lin JT, Huang WC, Wu D, Zhau HE, et al. 2-
microglobulin induces epithelial to mesenchymal transition and confers cancer
lethality and bone metastasis in human cancer cells. Cancer Res. (2011) 71:2600-10.
doi: 10.1158/0008-5472.CAN-10-3382

Frontiers in Oncology

10

10.3389/fonc.2024.1322680

13. Cowan AJ, Green DJ, Kwok M, Lee S, Coffey DG, Holmberg LA, et al. Diagnosis
and management of multiple myeloma: A review. Jama. (2022) 327:464-77.
doi: 10.1001/jama.2022.0003

14. Lee WS, Singh G. Serum free light chain assay in monoclonal gammopathic
manifestations. Lab Med. (2019) 50:381-9. doi: 10.1093/labmed/Imz007

15. Hutchison CA, Cockwell P, Stringer S, Bradwell A, Cook M, Gertz MA, et al.
Early reduction of serum-free light chains associates with renal recovery in myeloma
kidney. J Am Soc Nephrol. (2011) 22:1129-36. doi: 10.1681/ASN.2010080857

16. Dimopoulos MA, Richardson PG, Schlag R, Khuageva NK, Shpilberg O, Kastritis
E, et al. VMP (Bortezomib, Melphalan, and Prednisone) is active and well tolerated in
newly diagnosed patients with multiple myeloma with moderately impaired renal
function, and results in reversal of renal impairment: cohort analysis of the phase III
VISTA study. J Clin Oncol. (2009) 27:6086-93. doi: 10.1200/JC0.2009.22.2232

17. Scheid C, Sonneveld P, Schmidt-Wolf IG, van der Holt B, el Jarari L, Bertsch U,
et al. Bortezomib before and after autologous stem cell transplantation overcomes the
negative prognostic impact of renal impairment in newly diagnosed multiple myeloma:
a subgroup analysis from the HOVON-65/GMMG-HD#4 trial. Haematologica. (2014)
99:148-54. doi: 10.3324/haematol.2013.087585

18. Engelhardt M, Terpos E, Kleber M, Gay F, Wisch R, Morgan G, et al. European
Myeloma Network recommendations on the evaluation and treatment of newly
diagnosed patients with multiple myeloma. Haematologica. (2014) 99:232-42.
doi: 10.3324/haematol.2013.099358

19. Attal M, Lauwers-Cances V, Hulin C, Leleu X, Caillot D, Escoffre M, et al.
Lenalidomide, bortezomib, and dexamethasone with transplantation for myeloma. N
Engl ] Med. (2017) 376:1311-20. doi: 10.1056/NEJMoal611750

20. Tate JR. The paraprotein - an enduring biomarker. Clin Biochem Rev. (2019)
40:5-22.

21. van de Velde HJ, Liu X, Chen G, Cakana A, Deraedt W, Bayssas M. Complete
response correlates with long-term survival and progression-free survival in high-dose
therapy in multiple myeloma. Haematologica. (2007) 92:1399-406. doi: 10.3324/
haematol.11534

22. Gay F, Larocca A, Wijermans P, Cavallo F, Rossi D, Schaafsma R, et al. Complete
response correlates with long-term progression-free and overall survival in elderly
myeloma treated with novel agents: analysis of 1175 patients. Blood. (2011) 117:3025-
31. doi: 10.1182/blood-2010-09-307645

23. Bataille R, Grenier ], Sany J. Beta-2-microglobulin in myeloma: optimal use for
staging, prognosis, and treatment-a prospective study of 160 patients. Blood. (1984)
63:468-76. doi: 10.1182/blood.V63.2.468 bloodjournal632468

frontiersin.org


https://doi.org/10.1056/NEJMra041875
https://doi.org/10.7861/clinmedicine.19-1-58
https://doi.org/10.1038/s41375-019-0595-5
https://doi.org/10.1038/s41375-019-0595-5
https://doi.org/10.1148/radiol.10091809
https://doi.org/10.1148/radiol.10091809
https://doi.org/10.1016/S1470-2045(16)30206-6
https://doi.org/10.1200/JCO.2005.04.242
https://doi.org/10.1200/JCO.1986.4.1.80
https://doi.org/10.1200/JCO.2015.61.2267
https://doi.org/10.1200/JCO.2015.61.2267
https://doi.org/10.1111/j.1365-2141.1983.tb02158.x
https://doi.org/10.1073/pnas.69.7.1697
https://doi.org/10.1016/j.drudis.2008.11.001
https://doi.org/10.1158/0008-5472.CAN-10-3382
https://doi.org/10.1001/jama.2022.0003
https://doi.org/10.1093/labmed/lmz007
https://doi.org/10.1681/ASN.2010080857
https://doi.org/10.1200/JCO.2009.22.2232
https://doi.org/10.3324/haematol.2013.087585
https://doi.org/10.3324/haematol.2013.099358
https://doi.org/10.1056/NEJMoa1611750
https://doi.org/10.3324/haematol.11534
https://doi.org/10.3324/haematol.11534
https://doi.org/10.1182/blood-2010-09-307645
https://doi.org/10.1182/blood.V63.2.468.bloodjournal632468
https://doi.org/10.3389/fonc.2024.1322680
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Prognostic significance of β2-microglobulin decline index in multiple myeloma
	1 Introduction
	2 Patients and methods
	2.1 Research objects
	2.2 Definition of β2M DI
	2.3 Analysis of clinical factors affecting β2M DI
	2.4 Correlation of β2M DI with treatment response
	2.5 Prognostic analysis and model construction

	3 Results
	3.1 Patient characteristics
	3.2 Clinical indicators affecting β2M and β2M DI
	3.3 Independent prognostic analyses reflect the prognostic value of β2M DI
	3.4 β2M DI was well correlated with CR rate and deep remission rate after treatment
	3.5 β2M DI related prognostic model construction
	3.6 The new combined prognostic model showed good correlation with OS

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


