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Abstract

Objectives: Multiple myeloma (MM) is a plasma cell malignancy characterized by marked interpatient variability in 
clinical course and prognosis. Accurate staging systems are essential for risk stratification and survival prediction. We 
aimed to compare the prognostic performance of the Durie–Salmon (DS), International Staging System (ISS), and Mayo 
Stratification of Myeloma and Risk-Adapted Therapy (mSMART) systems in predicting overall survival.
Methods: This retrospective study included 110 patients diagnosed with MM at a tertiary hematology center. Patients 
were staged according to the DS, ISS, and mSMART systems. Overall survival (OS) was evaluated using the Kaplan–Meier 
method, and prognostic factors were evaluated using univariate and multivariate Cox regression analyses.
Results: Advanced disease stages were significantly associated with poorer overall survival across all staging systems 
(Durie–Salmon, p<0.001; ISS, p=0.007; mSMART, p=0.001). Among the evaluated models, only DS stage IIIB remained 
an independent predictor of mortality in multivariate analysis (HR=11.55, 95% CI=3.29–40.56, p < 0.001). ISS stage and 
mSMART risk categories did not retain independent prognostic significance after adjustment.
Conclusion: The DS staging system showed the strongest association with overall survival among the evaluated mod-
els. Although biologically based risk stratification has advanced considerably, traditional clinical staging systems still 
provide valuable and practical guidance in routine clinical practice.
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Multiple myeloma (MM) is a hematological cancer 
driven by the clonal expansion of plasma cells that 

produce monoclonal immunoglobulins. It constitutes a 
notable proportion of hematological malignancies and 
shows wide variability in clinical presentation and prog-
nosis.[1] The International Myeloma Working Group (IMWG) 
has defined diagnostic criteria for MM, including clonal 
plasma cell infiltration in the bone marrow, the presence 
of monoclonal proteins, and evidence of end-organ dam-

age.[2] Because of this variability, assessing prognosis at the 
time of diagnosis is particularly important. In everyday clin-
ical practice, staging systems are commonly used to guide 
treatment choices, estimate risk, and inform patients about 
their disease. Among these, the International Staging Sys-
tem (ISS) is widely adopted, mainly due to its simplicity and 
reliance on routinely available laboratory parameters.[3] 
Nevertheless, other clinical and biological factors affecting 
survival have also been reported.[4] Moreover, variations in 
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treatment response and patient-specific factors contribute 
to discrepancies in survival outcomes among multiple my-
eloma patients.

As knowledge of disease biology has evolved, more refined 
prognostic models have been developed. For example, the 
Revised International Staging System (R-ISS) includes bio-
logical markers in addition to traditional clinical variables 
to more accurately determine risk stratification.[5] Further-
more, the serum free light-chain ratio has been identi-
fied as a useful prognostic indicator in multiple myeloma 
patients; in parallel, risk-adapted approaches such as the 
Mayo Stratification of Myeloma and Risk-Adapted Therapy 
(mSMART) classification have been developed to integrate 
cytogenetic risk factors into clinical decision-making.[6] 
These developments aim to improve risk stratification and 
provide a more comprehensive understanding of the bio-
logical heterogeneity of the disease, including the effects 
of cytogenetic abnormalities and molecular subtypes.[7,8] 
Furthermore, response criteria and minimal residual dis-
ease (MRD) assessment have gained increasing importance 
in evaluating treatment response and long-term outcomes 
in multiple myeloma.[9]

Despite these advances, outcomes in multiple myeloma re-
main influenced by both biological factors and the initial dis-
ease burden. In many real-world settings, access to compre-
hensive cytogenetic and molecular analyses remains limited, 
which maintains the practical importance of conventional 
clinical staging systems. The Durie–Salmon (DS) system, 
one of the first clinically based staging systems, continues 
to be used in various centers due to its ability to reflect tu-
mor burden and organ involvement. Owing to this feature, it 
maintains its importance as a valuable and practical tool in 
routine clinical practice, especially in settings where access 
to advanced molecular diagnostic methods is limited.

However, the comparative performance of these staging 
systems in real-world clinical settings remains to be fully 
clarified. Moreover, evidence from real-world patient co-
horts remains relatively limited. In particular, direct com-
parisons between commonly used staging systems in rou-
tine clinical practice are still scarce.

In this context, we aimed to evaluate and compare the 
prognostic value of the DS, ISS, and mSMART staging sys-
tems in predicting overall survival in patients with multiple 
myeloma.

Methods

Study Population
This retrospective study included a total of 110 patients 
aged between 18 and 90 years who were diagnosed with 

multiple myeloma (MM) and followed at a tertiary hematol-
ogy center. All patients had sufficient clinical and follow-up 
data available for evaluation. Patients with incomplete 
medical records or inadequate follow-up were excluded 
from the study. The diagnosis of MM was established ac-
cording to standard international criteria.

Data Collection
Demographic characteristics, baseline laboratory parame-
ters, and radiologic findings related to bone involvement 
were obtained from institutional medical records. Avail-
able cytogenetic data were reviewed when present. Pa-
tients were staged according to the Durie–Salmon (DS), 
International Staging System (ISS), and Mayo Stratification 
of Myeloma and Risk-Adapted Therapy (mSMART) systems 
at the time of diagnosis. Information regarding treatment 
responses and survival outcomes was also extracted from 
patient records. Treatment responses were assessed based 
on routine clinical evaluations documented in the patient 
files.

Ethical Approval
The study protocol was reviewed by the local Health Sci-
ence University Haseki Education and Research Hospital 
Clinical Reserach Ethics Committee. According to the com-
mittee’s decision (Approval No.: 298, Date: 02.12.2015), for-
mal ethics committee approval was deemed unnecessary 
due to the retrospective nature of the study.

Statistical Analysis
Overall survival (OS) was defined as the time from diagno-
sis to death or the date of the last follow-up. Patients who 
were alive at the last follow-up were censored. Survival 
analyses were performed using the Kaplan–Meier meth-
od, and differences between groups were assessed with 
the log-rank test. Prognostic factors associated with over-
all survival were evaluated using univariate and multivari-
ate Cox proportional hazards regression models. Variables 
that showed statistical significance in univariate analysis 
were included in the multivariate model. Statistical analy-
ses were performed using SPSS software (version 22; IBM 
Corp., Armonk, NY, USA). A p-value of less than 0.05 was 
considered statistically significant.

Results
The basic demographic and clinical characteristics of the 
study population are presented in Table 1. The patient 
group exhibited a heterogeneous structure in terms of 
age distribution, clinical characteristics, and disease stages 
at diagnosis. Staging of patients according to the Durie–
Salmon, International Staging System (ISS), and Mayo Strat-
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ification of Myeloma and Risk-Adapted Therapy (mSMART) 
systems revealed the presence of different prognostic 
groups within the study population.

In overall survival analyses, significant differences were 
found between disease stages according to all three stag-
ing systems. Survival analyses based on the Durie–Salmon, 
ISS, and mSMART classifications showed significant differ-
ences between stages (Table 2; Figures 1–3). Kaplan–Meier 
curves demonstrated decreasing survival probabilities with 
advancing disease stage across all three models (Durie–
Salmon, p<0.001; ISS, p=0.007; mSMART, p=0.001). Medi-
an overall survival was shorter in advanced-stage groups 
compared to early-stage patients.

Multivariate Cox proportional hazards regression analy-
sis showed that only Durie–Salmon stage IIIB was inde-
pendently linked to a higher risk of death (HR=11.55, 95% 
CI=3.29–40.56, p<0.001) (Table 3). After controlling for 
other variables in the model, ISS stage and mSMART risk 
category lost their independent prognostic significance. 
These results indicate that Durie–Salmon stage IIIB, which 
signifies advanced tumor burden and end-organ involve-
ment, is the prognostic marker most closely correlated with 
overall survival in this cohort.

In addition to survival differences between staging cate-
gories, the distribution of patients across stages revealed 
a predominance of advanced disease at diagnosis. A 
substantial proportion of patients were classified as ad-

vanced stage according to the Durie–Salmon and ISS sys-
tems, while a smaller subset was categorized as high risk 
by mSMART. Advanced-stage patients more frequently 
showed clinical features indicative of higher disease bur-

Table 1. Baseline demographic and clinical characteristics of the 
study population

Characteristic                                 Value

Age (years) 67.3±11.1 (range: 37–86)

Sex, n (%)

Male 63 (57.3)

Female 47 (42.7)

Myeloma type, n (%)

IgG (κ/λ combined) 62 (56.3)

IgA (κ/λ combined) 23 (20.9)

Light chain only 18 (16.4)

IgD 4 (3.6)

Solitary plasmacytoma 3 (2.7)

Hypercalcemia, n (%) 13 (11.8)

Renal impairment, n (%) 25 (22.7)

Anemia, n (%) 56 (50.9)

Lytic bone lesions, n (%) 58 (53.2)

Data are presented as mean ± standard deviation or number (%). κ/λ indicates 
combined kappa and lambda light chain subtypes.

Table 2. Overall survival outcomes according to staging systems

Staging 
system

Category Median OS 
(months) 

95% CI p 

Durie–
Salmon

IA 52 29.8–74.2 <0.001

IIA 47 9.1–84.9

IIB 17 6.6–27.4

IIIA 19 11.3–26.7

IIIB 6 2.3–9.7

ISS I 52 35.4–68.6 0.007

II 33 1.9–64.1

III 12 5.3–18.7

mSMART Standard risk 47 31.0–62.9 0.001

High risk 7 0.0–15.6

Overall survival (OS) was estimated using the Kaplan–Meier method. p values 
were calculated using the log-rank test. Median OS is presented in months, OS: 
Overall survival; ISS: International Staging System; mSMART: Mayo Stratification 
of Myeloma and Risk-Adapted Therapy.

Figure 1. Durie–Salmon survival curves.
Kaplan–Meier overall survival curves according to Durie–Salmon 
staging system. Overall survival differed significantly among Durie–
Salmon stages, with progressively shorter survival observed in 
advanced stages (log-rank test, p<0.001).
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den, including renal impairment, anemia, and extensive 
skeletal involvement (Table 1). These findings further sup-
port the observed differences in survival outcomes across 
staging groups.

When the staging systems were compared, greater agree-
ment was observed in early-stage disease, whereas vari-

ability increased among advanced-stage categories. Nota-
bly, some patients categorized as advanced stage by the 
Durie–Salmon system were classified as intermediate or 
high risk according to ISS and mSMART. Despite these dif-
ferences, each system was able to distinguish patients with 
poorer outcomes. Overlapping classifications indicate that 
disease severity may be captured differently across staging 
approaches used in routine clinical practice.

Discussion
In this retrospective cohort, the Durie–Salmon (DS) staging 
system was most strongly associated with overall surviv-
al compared with ISS and mSMART. This finding suggests 
that, even in the era of modern MM management, clinical 
burden and organ involvement—as reflected by the DS 
system—remain highly relevant for predicting patient out-
comes at diagnosis.

DS stage IIIB appears to identify a subgroup of patients 
with more advanced disease, where renal impairment and 
extensive organ involvement play an important role in de-
termining outcomes. In our cohort, Durie–Salmon stage IIIB 
was the strongest predictor of mortality (HR=11.55, 95% 
CI=3.29–40.56, p<0.001). Renal dysfunction is a frequent 

Table 3. Multivariate Cox regression analysis of prognostic factors 
associated with overall survival

Variable Hazard Ratio (HR)       95% CI p 

Durie–Salmon stage

IIIA 0.57 0.11–3.11 0.520

IIIB 11.55 3.29–40.56 <0.001

ISS stage

II 0.98 0.24–3.94 0.975

III 3.14 0.55–17.83 0.196

mSMART risk category

High risk 1.62 0.22–11.85 0.635

Multivariate Cox proportional hazards regression analysis included Durie–Salm-
on stage, ISS stage, and mSMART risk category. Durie–Salmon stage IA, ISS stage 
I, and standard-risk mSMART category were used as reference groups. Hazard ra-
tios (HRs) and 95% confidence intervals (CIs) are shown. ISS: International Staging 
System; mSMART: Mayo Stratification of Myeloma and Risk-Adapted Therapy.

Figure 2. ISS survival curves.
Kaplan–Meier overall survival curves stratified by International 
Staging System (ISS). Patients with higher ISS stage demonstrated 
significantly inferior overall survival compared with lower stages 
(log-rank test, p=0.007).

Figure 3. mSMART survival curves.
Kaplan–Meier overall survival curves according to mSMART risk 
stratification. High-risk patients exhibited significantly reduced 
overall survival compared with standard-risk patients (log-rank test, 
p=0.001).
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complication of multiple myeloma and is linked to worse 
outcomes.[10] In this setting, staging systems that capture 
tumor burden and end-organ damage may provide clini-
cally relevant prognostic information.[11]

The ISS is still commonly used in clinical practice, largely 
because it is simple and easy to apply across different set-
tings. In our cohort, however, it did not appear to fully cap-
ture the complexity of disease burden and organ involve-
ment. This may partly explain why its prognostic effect was 
no longer evident after adjustment for DS stage in the mul-
tivariate model. Similar patterns have been described in 
previous studies, particularly in real-world cohorts, where 
the performance of ISS has been less consistent.[3,4]

Multiple myeloma shows marked biological diversity, 
with molecular and cytogenetic features influencing both 
the disease course and response to treatment.[12] In par-
ticular, high-risk cytogenetic abnormalities are known to 
be associated with poorer clinical outcomes.[13] It is well 
established that multiple myeloma is often preceded by 
precursor conditions such as monoclonal gammopathy 
of undetermined significance (MGUS) and smoldering 
multiple myeloma, which follow a stepwise progression 
pattern.[14,15] The incorporation of cytogenetic abnormal-
ities into prognostic models, as seen in the Revised Inter-
national Staging System (R-ISS), represents an important 
step toward more refined risk stratification. However, the 
applicability of such models may be limited by the avail-
ability of comprehensive cytogenetic testing in routine 
clinical practice.

Advanced molecular diagnostics are not always available 
in many centers, especially those with limited resources. 
In these situations, clinically based staging systems like DS 
may still be very useful because they are easy to use and 
understand. Our findings affirm the enduring significance 
of these conventional models, particularly in instances 
where biological data are insufficient or inaccessible.

Recent advancements in treatment, encompassing autolo-
gous stem cell transplantation and the introduction of in-
novative therapeutic agents like proteasome inhibitors and 
immunomodulatory drugs, have significantly enhanced 
survival outcomes in patients with multiple myeloma.[16–18] 
Despite these therapeutic advances, baseline disease char-
acteristics remain critical determinants of prognosis, un-
derscoring the importance of accurate staging at diagnosis.

Frailty, age, and comorbidities also play an important role 
in determining outcomes, particularly in elderly patients.[19] 
These patient-related factors may influence both treatment 
selection and survival independently of disease stage. 
Therefore, integrating clinical staging with patient-specif-
ic factors may provide a more comprehensive approach to 

prognostic assessment.

Another significant finding in our study is the inconsis-
tency noted among various staging systems, especially in 
advanced-stage disease. There is a general consensus in 
early-stage classifications; however, discrepancies become 
more evident in high-risk groups. This indicates that vari-
ous staging methodologies may represent distinct facets 
of the disease’s biology and clinical impact.
From a clinical perspective, these findings offer important 
practical implications. In routine clinical practice, where 
rapid decision-making is necessary and access to advanced 
diagnostic methods may be limited, simple and easily appli-
cable staging systems like DS continue to provide valuable 
guidance.[20] Clinicians may benefit from using traditional 
staging systems in conjunction with modern prognostic 
tools to obtain a balanced and clinically relevant risk assess-
ment. Newer approaches, such as the second revision of the 
International Staging System (R2-ISS), have been developed 
to make prognostic classification in multiple myeloma more 
precise.[21,22] In addition, some genomic profiles, defined as 
“double-hit” multiple myeloma, have been shown to be as-
sociated with a poor prognosis and a more aggressive dis-
ease course.[23] Minimal residual disease (MRD) status also 
stands out as a strong predictor of long-term outcomes in 
multiple myeloma.[24] Furthermore, patient-specific factors 
such as frailty and geriatric assessment have been report-
ed to have a significant impact on survival outcomes, par-
ticularly in elderly patients.[25] When all these findings are 
considered together, it appears that while the importance 
of biology-based prognostic models is increasing, classical 
clinical staging systems—particularly the Durie–Salmon 
system—retain their status as a reliable source of prognos-
tic information in routine clinical practice. The use of these 
systems is especially important in real-life situations where 
comprehensive molecular data are not always available.

Study Limitations
Several factors should be considered when interpreting 
these findings. The study was conducted retrospectively, 
which introduces an inherent risk of selection bias. The 
patient population was relatively limited and drawn from 
a single center, which may influence how broadly the re-
sults can be generalized. In addition, complete cytogenetic 
and molecular data were not consistently available across 
all cases, restricting a more detailed assessment of biolog-
ically based risk models. Variations in treatment practices 
among patients may also have affected survival outcomes 
and were not fully captured in this analysis.

Conclusion
Our results show that the Durie–Salmon (DS) staging sys-
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tem remains closely related to overall survival in patients 
with multiple myeloma. Compared with ISS and mSMART, 
DS seemed to better identify patients with more advanced 
disease and less favorable outcomes.

While biologically driven risk models are becoming more 
common in clinical practice, traditional staging systems still 
have a clear role in everyday decision-making, particularly in 
settings with limited access to advanced molecular testing 
where clinicians rely on routinely available clinical data.

Expanding the evidence base with larger and more diverse 
patient cohorts may help clarify how clinical staging can be 
more effectively combined with emerging biology-based 
approaches in multiple myeloma.
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