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Symptomatic multiple myeloma (MM) often develops from precursor
conditions, namely monoclonal gammopathy of undetermined
significance (MGUS) and smoldering MM (SMM) [1, 2]. Current
guidelines recommend treatment initiation upon progression to MM
[3]. Although diagnostic tools such as peripheral blood electrophor-
esis allow for less invasive screening, the clinical utility of widespread
screening for MGUS or SMM remains contentious, primarily because
treatment is deferred until progression to MM [3–5]. The question of
whether early detection of precursor conditions confers a survival
advantage is both clinically important and timely, given emerging
data suggesting that clonal evolution and genomic complexity
increase during disease progression, potentially affecting treatment
response and outcomes [6]. If early detection leads to improved
outcomes, this would have significant implications for screening and
monitoring strategies, particularly for high-risk individuals.
To address this question, multiple population-based studies

have identified prior MGUS diagnosis as a predictor of longer
survival following progression to MM, but these findings have not
been evaluated outside the U.S. and Sweden [7–9]. Thus, we
conducted a nationwide population-based study using compre-
hensive health insurance data from Korea to determine whether
patients who had progressed to MM after detection of precursor
conditions (MGUS or SMM) experience different survival outcomes
compared to those diagnosed de novo.
This population-based retrospective study utilized data from the

Health Insurance Review and Assessment Service (HIRA) database,
which encompasses approximately 100% of the Korean population,
including medical beneficiaries [10]. The HIRA provides comprehen-
sive insurance claims information, including patient demographics,
diagnostic codes, prescription records, and medical procedures,
making it a robust resource for large-scale epidemiological research.
Using this database, we identified patients newly diagnosed with

MGUS (n= 5500) or multiple myeloma (SMM or MM, n= 17,809)
from January 1, 2009, to November 30, 2022. Subsequently, we
classified patients into three cohorts, as illustrated in Fig. S1: the
MGUS to MM cohort (n= 199), consisting of patients who progressed
from MGUS to MM; the SMM to MM cohort (n= 447), consisting of
patients who progressed from SMM to MM; and the de novo MM
cohort (n= 15,067), comprising patients diagnosed directly with MM
without preceding MGUS or SMM diagnoses.
MGUS was defined as ≥2 primary diagnoses of ICD-10 code

[D47.2] followed by the Korean reimbursement code for cancer
[V193]. SMM was defined as cases in which no MM-targeted
therapy was initiated, and no MM-defining events occurred—
including hypercalcemia, renal insufficiency, anemia, or bone

lesions [11] —for at least 6 months following initial MM diagnosis.
MM progression was defined by the initiation of frontline MM-
targeted therapies after MM diagnosis, including melphalan,
bortezomib, thalidomide, or lenalidomide, based on the HIRA
database public health insurance criteria (Table S1).
We defined the index date for survival analysis as the first date

of MM-targeted therapy after MM diagnosis for all cohorts to
avoid lead-time bias, and applied a 6-month landmark analysis,
excluding patients who died within 6 months of diagnosis. To
address confounding, we applied inverse probability of treatment
weighting (IPTW) to adjust for age, sex, comorbidities using the
Charlson comorbidity index, and treatment intensity. We com-
pared the cumulative incidence of MM progression using Fine-
Gray subdistribution hazard models accounting for death or
lymphoma as a competing risk. For survival analysis, we used
IPTW-adjusted Kaplan-Meier curves and Cox proportional hazards
models with robust variance estimation. Sensitivity analyses with
different confounding adjustment methods and restricted follow-
up periods were performed to assess the robustness of our
findings. E-value was calculated to quantify potential unmeasured
confounding. Detailed operational definitions, study protocols,
and statistical methods are available in the Supplementary
Appendix 1, following STROBE reporting guidelines
Patients in the MGUS to MM cohort were significantly frailer,

with older age and a higher prevalence of comorbidities,
compared to the other cohorts. Frontline treatment regimens
also differed significantly across groups. The SMM to MM cohort
had a higher prevalence of doublet regimens, particularly
bortezomib-dexamethasone (26.8%), compared to the MGUS to
MM (17.6%) and de novo MM (13.4%) cohorts (p < 0.001, Table 1).
The median follow-up durations were 4.0 years (95% CI, 3.4–5.4)
for MGUS to MM, 5.0 years (95% CI, 4.6–5.6) for SMM to MM, and
5.3 years (95% CI, 5.2–5.4) for de novo MM. The 10-year cumulative
incidence of MM progression was 7.0% (95% CI, 5.9–8.2) for MGUS
and 36.2% (95% CI, 33.4–39.0) for SMM, with median times to
progression of 3.7 and 2.0 years, respectively. At these timepoints,
the progression rates were 3.5% (95% CI, 3.0–4.1) for MGUS and
18.2% (95% CI, 16.2–20.2) for SMM, respectively (Fig. 1A, B).
After IPTW adjustment for demographics, comorbidities, and

treatment patterns (Fig. S2) among the three cohorts, both the
MGUS to MM cohort and the SMM to MM cohort exhibited
significantly improved overall survival (OS) compared to the de novo
MM cohort, with weighted hazard ratios of 0.53 (95% CI, 0.39–0.71;
p< 0.001) and 0.83 (95% CI, 0.70–0.98; p= 0.025) respectively
(Fig. 1C). To address potential bias arising from the varying follow-
up durations across the three cohorts, we performed additional
sensitivity analyses by restricting the observation period to 3, 4, 5, and
6 years. These restricted analyses yielded consistent results, thus
supporting the robustness of our findings (Fig. S3). Also, E-value
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analysis (3.18 for HR= 0.53; 1.96 for the upper 95% CI) indicates that
only substantial unmeasured confounding with a risk ratio of ≥3.18
could nullify our findings, strengthening the validity of the observed
survival benefit.
Our findings highlight the potential clinical benefits of early

detection and monitoring of precursor conditions in MM, consistent

with prior reports from Western populations demonstrating improved
survival in patients with precursor-detected MM, including studies
from the U.S. and Swedish cohorts [7–9]. Patients diagnosed with
MGUS or SMM who later progressed to MM demonstrated
significantly improved overall survival compared to those diagnosed
de novo with MM, even after adjusting for baseline characteristics and

Table 1. Comparison of baseline characteristics among MGUS to MM, SMM to MM, and de novo SMM cohorts.

MGUS to MM (N= 199) SMM to MM (N= 447) De novo MM (N= 15,067) P-value

Age, years, median [range] 71.0 [62.5–77.0] 66.0 [59.0–73.0] 67.0 [59.0–74.0] <0.001*

< 60, n (%) 35 (17.6%) 123 (27.5%) 3822 (25.4%) 0.007*

60–69, n (%) 57 (28.6%) 159 (35.6%) 4902 (32.5%)

70–79, n (%) 79 (39.7%) 124 (27.7%) 4836 (32.1%)

≥80, n (%) 28 (14.1%) 41 (9.2%) 1507 (10.0%)

Sex, n (%) 0.007*

Female 86 (43.2%) 175 (39.1%) 6997 (46.4%)

Male 113 (56.8%) 272 (60.9%) 8070 (53.6%)

CCI categorya, n (%)

Myocardial infarction 5 (2.5%) 3 (0.7%) 200 (1.3%) 0.147

Congestive heart failure 15 (7.5%) 14 (3.1%) 821 (5.4%) 0.042*

Peripheral vascular disease 4 (2.0%) 6 (1.3%) 272 (1.8%) 0.754

Cerebrovascular disease 24 (12.1%) 31 (6.9%) 1163 (7.7%) 0.061

Dementia 3 (1.5%) 6 (1.3%) 187 (1.2%) 0.800

Chronic pulmonary disease 10 (5.0%) 14 (3.1%) 740 (4.9%) 0.225

Rheumatic disease 7 (3.5%) 9 (2.0%) 359 (2.4%) 0.470

Peptic ulcer disease 5 (2.5%) 7 (1.6%) 306 (2.0%) 0.660

Liver disease 12 (6.0%) 31 (6.9%) 731 (4.9%) 0.103

Diabetes 57 (28.6%) 79 (17.7%) 2533 (16.8%) <0.001*

Hemiplegia or paraplegia 2 (1.0%) 4 (0.9%) 102 (0.7%) 0.469

Renal disease 83 (41.7%) 65 (14.5%) 3218 (21.4%) <0.001*

Cancer 22 (11.1%) 76 (17.0%) 1684 (11.2%) 0.001*

AIDS/HIV 0 (0%) 0 (0%) 0 (0%)

Frontline treatmentb, n (%)

Doublet 96 (48.2%) 282 (63.1%) 6357 (42.2%) <0.001*

Melphalan-prednisolone 22 (11.1%) 50 (11.2%) 1316 (8.7%) 0.107

Bortezomib-dexamethasone 35 (17.6%) 120 (26.8%) 2020 (13.4%) <0.001*

Thalidomide-dexamethasone 6 (3.0%) 45 (10.1%) 1568 (10.4%) 0.003*

Lenalidomide-dexamethasone 33 (16.6%) 67 (15.0%) 1453 (9.6%) <0.001*

Low-intensity triplet

Bortezomib-melphalan- prednisolone 71 (35.7%) 84 (18.8%) 5263 (34.9%) <0.001*

High-intensity triplet

Bortezomib-thalidomide- dexamethasone 32 (16.1%) 81 (18.1%) 3447 (22.9%) 0.005*

MM-related eventc, n (%)

Hypercalcemia 2 (1.0%) 2 (0.4%) 57 (0.4%) 0.217

Renal failure 36 (18.1%) 9 (2.0%) 1075 (7.1%) <0.001*

Anemia 81 (40.7%) 100 (22.4%) 7801 (51.8%) <0.001*

Bone lesions with fracture 10 (5.0%) 19 (4.3%) 799 (5.3%) 0.610

MGUS monoclonal gammopathy of undetermined significance, SMM smoldering multiple myeloma, MM symptomatic multiple myeloma, AIDS Acquired
Immunodeficiency Syndrome, HIV Human Immunodeficiency Virus, CRAB hypercalcemia, renal failure, Anemia and Bone lesions.
*p-value < 0.05; Statistical tests used: Pearson’s Chi-squared test; Fisher’s exact test; Kruskal–Wallis test.
aAll baseline characteristics were recorded on the index date, and the Charlson Comorbidity Index (CCI) was used to categorize pre-existing disease conditions.
bMM targeted frontline treatment was categorized into three classes based on the intensity of treatment: the doublet class included melphalan-prednisolone,
bortezomib-dexamethasone, thalidomide-dexamethasone, and lenalidomide-dexamethasone; the low-intensity triplet class included bortezomib-melphalan-
prednisolone; and the high-intensity triplet class included bortezomib-thalidomide-dexamethasone.
cMM-related events were assessed within 3 months after the index date for each cohort. Operational definitions are as follows: Hypercalcemia: presence of
ICD-10 code E83.5; Renal failure: ICD-10 codes for chronic kidney disease stages 3, 4, or 5 (N18.3, N18.4, N18.5); Anemia: diagnosis of anemia in neoplastic
disease (D63.0), with or without blood transfusion or erythropoietin use; Bone lytic lesions: presence of diagnostic codes related to pathologic or osteolytic
fractures (See Supplementary Table 8.1 for complete code lists and operational definitions).
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treatment intensity. Importantly, this survival advantage was
observed when measuring from the point of symptomatic
progression in all cohorts, suggesting benefits beyond earlier
detection alone. Despite the inherent limitations of retrospective
analysis, sensitivity analyses, including considering unmeasured
confounding, demonstrated consistent results. Early-stage disease
management may mitigate the risk of severe complications
commonly associated with advanced MM, emphasizing the clinical
value of timely precursor detection. This finding is particularly
compelling because Korean insurance reimbursement only permits
treatment after progression to symptomatic MM—meaning all
cohorts received therapy at the symptomatic disease stage, yet
outcomes differed based on diagnostic pathway.

This study has several limitations that warrant careful interpretation.
First, although serological biomarkers such as immunoglobulin
isotype, M-protein concentration, and serum free light chain ratio
are well-established predictors of MM progression from precursor
conditions [12], these parameters were not available in the HIRA
database and thus could not be incorporated as covariates. Second,
misclassification of precursor states (e.g., MGUS, SMM, or de novo
MM) is possible due to reliance on administrative diagnostic codes,
particularly when precursor conditions were not formally documented
or coded prior to MM diagnosis. MM-related events were identified
using claims-based algorithms, which may have failed to capture non-
CRAB myeloma-defining events or early active disease. Third, and
most importantly, lead-time bias likely influences our results. Even

Fig. 1 Progression to multiple myeloma from MGUS and SMM cohorts and overall survival in MGUS, SMM, and de novo MM cohorts.
6-month landmark cumulative incidence from A MGUS cohort (n= 5500) to MM and B SMM cohort (n= 1583) to MM. The median follow-up
durations were 4.0 years (95% CI, 3.4–5.4) for MGUS to MM, 5.0 years (95% CI, 4.6–5.6) for SMM to MM, and 5.3 years (95% CI, 5.2–5.4) for de novo
MM. The 10-year cumulative incidence of MM progression from diagnosis of MGUS and SMM was 7.0% (95% CI, 5.9–8.2) and 36.2% (95% CI,
33.4–39.0), and the median times to progression were 3.7 and 2.0 years, where the cumulative incidence of MM progression was 3.5% (95% CI,
3.0–4.1) and 18.2% (95% CI, 16.2–20.2), respectively. C Weighted 6-month landmark survival plot of the three cohorts: the MGUS to MM cohort
(blue), SMM to MM (green), and de novo MM (red) cohorts from the index date. Median OS was 7.9 years [95% CI, 6.1-not reached] for the MGUS
to MM cohort, 5.5 years [95% CI, 4.8–7.2] for the SMM to MM cohort, and 4.4 years [95% CI, 4.3–4.5] for the de novo MM cohort. MM progression
was defined as the initiation of MM-targeted therapy following a documented diagnosis of MM. Cumulative incidence analyses were conducted
using Fine-Gray competing risk models, treating death and lymphoma as competing events. For OS comparisons, the index date was set as the
first prescription date of MM-targeted therapy. Survival analyses were adjusted for age, sex, comorbidities, and intensity of frontline treatment
using the inverse probability of treatment weighting (IPTW) method. MGUS monoclonal gammopathy of undetermined significance, SMM
smoldering multiple myeloma, MM symptomatic multiple myeloma, OS overall survival, HR Hazard ratio, CI Confidence interval.
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though we applied a 6-month landmark and defined follow-up from
MM treatment initiation to reduce immortal time bias, these
approaches do not remove lead-time bias and may amplify relative
survival differences. Interestingly, our MGUS to MM group had an
older median age at MM diagnosis than the de novo group,
suggesting that lead-time bias does not fully explain the observed
difference. However, because the SMM to MM group was younger,
survival comparisons involving this group need particularly cautious
interpretation.
Notably, patients progressing from MGUS demonstrated better OS

than those from SMM, despite a higher comorbidity burden and
greater incidence of MM-related events such as renal failure at index
date. This counterintuitive finding may reflect intrinsic differences in
disease biology. Prior studies suggest that treatment resistance-
associated clonal evolution accelerates as precursor conditions
advance toward overt MM [13]. Thus, MGUS-derived MM cases may
represent a biologically more indolent subset with slower genomic
progression, allowing for more effective therapeutic intervention
when treated at the time of symptomatic conversion. These findings
underscore the importance of timely identification and biologically
informed surveillance strategies in managing precursor conditions.
Our results align with prior Western studies reporting survival

benefits in precursor-detected MM but extend this evidence by
leveraging a nationwide real-world dataset from a non-Western
healthcare system, thereby broadening generalizability. While
universal screening for MGUS or SMM remains controversial due
to low progression rates and the risk of overtreatment, our
findings support the value of structured surveillance among
individuals with known precursor conditions. Ongoing prospective
trials, such as iStopMM [14], will be critical for evaluating the
impact of broader screening strategies.
Given the high prevalence of precursor conditions and the resource

burden of long-term follow-up, our findings should not be interpreted
as supporting universal screening. Rather, a targeted screening
approach focused on high-risk individuals identified through clinical
factors or comorbidity-based risk models [15] may offer a more
sustainable and clinically effective strategy. This approach could
facilitate earlier diagnosis and improve risk stratification, allowing for
more timely and individualized treatment decisions.
In conclusion, this population-based analysis underscores the

importance of structured surveillance in precursor conditions of
MM. By identifying and monitoring high-risk individuals, clinicians
may be better positioned to intervene earlier in the disease course,
ultimately improving survival outcomes in MM. Future studies
incorporating direct measures of disease biology, treatment response
patterns, and quality of life are needed to further elucidate the
mechanisms underlying these observed survival differences.
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