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Introduction

Smoldering multiple myeloma (SMM) is an asymptomatic precursor condition to multiple myeloma (MM) that carries a higher
risk of progression to MM than monoclonal gammopathy of undetermined significance (MGUS). This study aimed to identify
potential risk factors of SMM by analyzing the association of baseline characteristics, body mass index, smoking, alcohol
consumption, prior diagnoses of autoimmune diseases and prior chronic infections and SMM in the screened Iceland Screens,
Treats, or Prevents Multiple Myeloma (iStopMM) study cohort.

Methods

The iStopMM study is a screening study for MM precursors where 75,422 individuals over 40 years old in Iceland were screened
with serum protein electrophoresis (SPEP) and free light chain (FLC) analysis. Those with a positive screening result were
randomized to one of the three study arms, with clinical evaluation at the study center, including bone marrow sampling,
performed in two of them. MGUS was defined by the presence of a serum M-protein concentration less than 30 g/L and less
than 10% clonal plasma cells in the bone marrow, and SMM was defined as 10-60% bone marrow plasma cells and/or M-protein
concentration over 30 g/L, both in the absence of MM defining events. IgM MGUS was excluded in this analysis. Height and
weight were measured at the first visit to the study center, alcohol and smoking habits were evaluated with questionnaires.
Information on previous diagnoses (ICD codes) was obtained from central health registries with almost 100% completeness.
Logistic regression models were used to calculate odds ratio (OR) with 95% confidence interval (Cl) to compare risk factors in
SMM vs. MGUS and SMM vs. controls. All analyses were adjusted for age and sex.

Results

At the first study center evaluation, 210 individuals were diagnosed with SMM and 1,456 with MGUS. Data from 70,627 controls
with negative SPEP and normal FLC analysis were included. Individuals with SMM were older and more frequently male than
controls, however there was no statistically significant difference between the sex and age distribution of individuals with
SMM and MGUS (Figure). Immunoparesis (OR 3.98; 95% Cl: 2.74-5.76), abnormal FLC ratio (OR 3.61; 95% CI: 2.59-5.02), IgA
isotype (OR 2.64; 95% Cl: 1.83-3.83) and increasing M-protein levels (OR per g/L 1.33; 95% Cl: 1.27-1.39) were all associated
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with increased odds of SMM compared to MGUS. BMI measured at the first study visit was not significantly different between
individuals with MGUS and SMM (overweight vs. normal weight OR 1.08; 95% Cl: 0.74-1.56). Neither current or previous
smoking nor alcohol consumption more than once per week (vs. less) was associated with increased risk of SMM compared to
MGUS (OR 0.88; 95% CI: 0.60-1.31, and OR 0.97; 95% CI: 0.62-1.53, respectively) or controls (OR 0.92; 95% ClI: 0.64-1.33, and
OR 0.85; 95% ClI: 0.57-1.27, respectively). Prior diagnosis of autoimmune disease was not associated with SMM as compared
to MGUS (OR 1.19; 95% ClI: 0.81-1.74) or controls (OR 1.21; 95% Cl: 0.85-1.73). A previous diagnosis of a chronic infection was
not statistically significantly associated with increased risk of being diagnosed with SMM as compared to MGUS (OR 1.53;
95% Cl: 1.00-2.34) but an association was seen when compared to controls (OR 1.54; 95% CI: 1.05-2.28). In individuals with
SMM, the most common chronic infections were varicella zoster virus and herpes simplex virus, no diagnoses of hepatitis virus
or chronic bacterial infections were observed.

Conclusion

In this large population-based screening study we did not find an association of smoking, alcohol consumption, BMI, or a prior
diagnosis of autoimmune disease and SMM compared to MGUS. We found an association between a previous diagnosis of
a chronic infection and SMM which could be explained by reverse causality, i.e., that SMM leads to immune impairment
which increases the risk of viral infections. We found no significant age or sex difference between individuals with MGUS and
SMM, but results from blood tests, including immunoparesis, abnormal FLC ratio, IgA-isotype, and higher levels of M-protein
were all associated with SMM compared to MGUS. Our results indicate that neither lifestyle factors nor chronic inflammatory
conditions increase the risk of SMM, and that the differences between individuals with MGUS and SMM can be detected in
blood assessments associated with the plasma cell clone, but not in demographic or behavior related factors.
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SMM vs, MGUS
Risk factor OR*(95% CI)
Age Per year 0.99 {0.98, 1.01)
Sex Male vs, Female —— 1.28 (0.96, 1.73)
BMI Owerweight vs. Normal -+ 1.08 (0.74, 1.56)
M-protein isotype Biclonal vs. IgG —p—— 1.16 (0.68, 1.96)
lgAvs. lgG —— 264 (183,383
Light-chain vs. IgG —— 1.28 (0.82, 2.02)
M-pratein concentration PergiL - 1.33(1.27,1.39)
Abnormal FLC Yes ve. No —— 363 (268 452)
Immunoparesis Yesvs. No —t— 398 (2.74, 5.76)
Have you ever smoked? Yes vs, No — 0.88 {0.60, 1.31)
How aften do you have an alcoholic drink? >Once per week vs. less — 0.87 (0,62, 1.53)
Prior autoimmune disease Yas vs. No —— 116 (0.81,1.74)
Prior chronic infection Yesve. Mo ——— 1.51 (0.99, 2.30)
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SMM vs. Controls

Risk factor

Age Par yoar -

Sex Male vs. Female ——

Have you ever smoked? Y5 vs No —r—

How often do you have an aleoholic drink? =0nce per week va. less —_——

Prior autoimmune disease Yes vs, No —t——

Prior chronle infection Yesvs. No e
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*adjusted for age and sex
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Figure: Forest plots showing odds ratios with 95% confidence intervals for the association of baseline characteristics, body mass index, smoking, alcohol
consumption, prior diagnoses of autoimmune diseases and chronic infections, and smoldering multiple myeloma compared to monoclonal gammopathy
of undetermined significance and controls
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