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                                                                                                                        Abstract

                                                            Background There are limited data on survival patterns among patients with monoclonal gammopathy of undetermined significance.Design and Methods  We compared the survival of 4,259 patients with monoclonal gammopathy of undetermined significance, collected from hematology outpatient units in Sweden, with the survival of the general population by computing relative survival ratios. We also compared causes of death in these patients with those in 16,151 matched controls.Results One-, 5-, 10-, and 15-year relative survival ratios were 0.98 (95% CI 0.97–0.99), 0.93 (0.91–0.95), 0.82 (0.79–0.84), and 0.70 (0.64–0.76), respectively. Younger age at diagnosis of the gammopathy was associated with a significantly lower excess mortality compared to that in older patients (p<0.001). The excess mortality among patients with gammopathy increased with longer follow-up (p<0.0001). IgM (versus IgG/A) gammopathy was associated with a superior survival (p=0.038). Patients with monoclonal gammopathy of undetermined significance had an increased risk of dying from multiple myeloma (hazards ratio (HR)=553; 95% CI 77–3946), Waldenström’s macroglobulinemia (HR=∞), other lymphoproliferative malignancies (6.5; 2.8–15.1), other hematologic malignancies (22.9; 8.9–58.7), amyloidosis (HR=∞), bacterial infections (3.4; 1.7–6.7), ischemic heart disease (1.3; 1.1–1.4), other heart disorders (1.5; 1.2–1.8), other hematologic conditions (6.9; 2.7–18), liver (2.1; 1.1–4.2), and renal diseases (3.2; 2.0–4.9).Conclusions Our finding of decreased life expectancy in patients with monoclonal gammopathy of undetermined significance, which was most pronounced in the elderly and explained by both malignant transformation and non-malignant causes, is of importance in the understanding and clinical management of this disease. The underlying mechanisms may be causally related to the gammopathy, but may also be explained by underlying disease that led to the detection of the hematologic disease. Our results are of importance since they give a true estimation of survival in patients with monoclonal gammopathy of undetermined significance diagnosed in clinical practice.
                                                            
                                                            Introduction
Monoclonal gammopathy of undetermined significance (MGUS) is one of the most common pre-malignant conditions in western countries with a prevalence of 3.2% in the Caucasian general population 50 years of age or older.1 It is characterized by the presence of a monoclonal immunoglobulin (Ig) (M-protein) in individuals lacking evidence of multiple myeloma (MM) or other lymphoproliferative malignancies such as Waldenström’s macroglobulinemia (WM), primary amyloidosis, chronic lymphocytic leukemia (CLL), or B-cell lymphoma.2,3 A recent study based on 77,469 healthy adults enrolled in a nationwide population-based prospective cancer screening trial in the USA identified 71 individuals who developed MM during the course of the study. Using serially-collected pre-diagnostic serum samples obtained up to almost 10 years prior to the diagnosis of MM, all MM cases were found to have been preceded by MGUS.4 This finding establishes a key role for MGUS in the pathway to MM. Indeed, long-term follow-up of MGUS patients reveals an average 1% annual risk of developing lymphoproliferative malignancies.5,6 Additional data suggest that MGUS patients with an abnormal serum κ-λ free light chainratio, non-IgG MGUS and a high serum M-protein level (>1.5 g/dL) have a 58% absolute risk of developing MM at 20 years of follow-up, while, in sharp contrast, MGUS patients with none of these risk factors have only a 5% absolute risk of their disease progressing to MM.7 These observations show that the risk of MM progression among MGUS patients is highly heterogeneous and, in fact, the vast majority of MGUS patients will never develop a lymphoproliferative malignancy.7
Although there have been several investigations focusing on the risk of developing lymphoproliferative tumors following a diagnosis of MGUS,5–11 there are only limited data available on survival patterns among MGUS patients.5,6,10–12 Data from the Mayo Clinic showed that the median survival of MGUS patients was 8.1 years compared to 11.8 in the comparable US population.5 In a prior study from Denmark, 1,324 MGUS patients were found to have a 2-fold higher mortality compared to that of the general population.12 Similarly, a single center study from the Netherlands including 1,464 MGUS patients reported inferior survival among these patients than among a matched cohort without the disease.11
These and other smaller studies reported that the dominant causes of death among MGUS patients were hematologic malignancies, solid tumors, cardiovascular diseases, and infections.10,12,13 However, to our knowledge, no population-based, large study has been conducted to determine excess mortality patterns and simultaneously assess causes of death in MGUS patients compared to those in controls. Using population-based and hospital-based registries from Sweden, we identified a nationwide cohort of 4,259 MGUS patients diagnosed in 1986–2005. The aims of our study were to assess the patterns of survival among MGUS patients compared to the general population, and to classify and compare the causes of death in the MGUS patients and 16,151 matched controls.
Design and Methods
Patients and controls
Because MGUS is by definition an asymptomatic condition, it is usually diagnosed during a medical work-up for another cause. Consequently, in the general population, MGUS patients are identified within a broad range of medical specialties. In Sweden, a clinician who detects a patient with an M-protein will typically consult with a hematology specialist at a hospital-based center, and if needed, refer the patient for further work-up, especially to rule out an underlying malignancy.
MGUS is defined by the presence of a monoclonal immunoglobulin of less than 3 g/dL in serum, fewer than 10% plasma cells in the bone marrow, no evidence of other lymphoproliferative disorders, and the absence of clinical manifestations related to the monoclonal gammopathy.2 These criteria are essentially the same as those used in Swedish hospitals during the study period.
We established a nationwide MGUS cohort (as described in detail elsewhere)14 by retrieving information on all incident patients through a national network, which included all in- and outpatient units from major hospital-based hematology/oncology centers in Sweden. For all MGUS patients, we obtained information on sex, date of birth, date of diagnosis, and region/unit where the diagnosis was made. When available, we also collected information on MGUS subtype and concentration of the M-protein at diagnosis. In the present study, we included all MGUS patients diagnosed in outpatient units between 1986 and 2005. MGUS patients who were diagnosed with a previous hematologic malignancy or a lymphoproliferative malignancy within 6 months following the diagnosis of MGUS were excluded from the MGUS cohort. Follow-up commenced 6 months after the diagnosis of MGUS so patients who died within 6 months following the diagnosis were excluded from this study.
For each MGUS patient, four population-based controls (matched by sex, year of birth, and region) were chosen randomly from the Swedish Population database (cause of death analyses). All controls had to be alive at the time of diagnosis of MGUS in the corresponding case and not to have had a previous hematologic malignancy at the date of the corresponding case’s diagnosis.
Using the nationwide Cause of Death Registry, we obtained information on date and cause of death for all subjects (MGUS patients and controls) who had died up to December 31, 2006. We grouped causes of death into categories based on the International Classification of Diseases classification versions 9 and 10.
Approval was obtained from the Karolinska Institutional Review Board for this study. Informed consent was waived because we had no contact with study subjects. An exemption from Institutional Review Board review was obtained from the National Institutes of Health Office of Human Subjects Research because we used existing data without personal identifiers.
Statistical analysis
Relative survival ratios (RSR) were computed as measures of MGUS survival.15,16 RSR provide a measure of total excess mortality associated with a diagnosis of MGUS. One-, 5-, 10-, and 15-year RSR can be interpreted as the proportion of patients who survived their MGUS at 1, 5, 10, and 15 years, respectively. RSR is defined as the observed survival in the group of patients (in which all deaths are considered events) divided by the expected survival of a comparable group from the general population, which is assumed to be free of the condition in question. Expected survival was estimated using the Ederer II method17 from Swedish population life-tables stratified by age, sex, and calendar period.
One-, 5-, 10-, and 15-year RSR were calculated for two calendar periods: 1986–1995 and 1996–2005, and five age categories (<50, 50–59, 60–69, 70–79, and >80 years old). We constructed regression models with the goal of estimating the effect of the target factors previously defined in this article, while controlling for potential confounding factors. Poisson regression was used to model excess mortality.18 The estimates from this model are interpreted as excess mortality ratios; an excess mortality ratio of 1.5, for example, for males/females indicates that males experience 50% higher excess mortality than females.
We used Cox’s proportional hazards regression models to estimate the mortality rate ratio for each cause of death comparing MGUS patients to controls. A separate model was estimated for each cause of death. All calculations were performed using Stata version 10 (StataCorp 2007 Stata Statistical Software: Collage Station, TX, USA).
Results
Overall 4,259 MGUS patients (diagnosed 1986–2005) and 16,151 population-based controls were included in the study. The demographic and clinical characteristics of the MGUS patients and controls are shown in Table 1. The median age at diagnosis of MGUS was 70 years (range, 22–97 years). Among the MGUS patients, there were 1,822 (42.8%), 493 (11.6%), 523 (12.3%), and 2 (0.02%) diagnosed with MGUS subtypes IgG, IgA, IgM, and IgD, respectively. Information on MGUS subtype was missing for 1,419 patients (33.3%). Data on M-protein concentration were available for 2,436 (57.2%) patients; the median concentration was 0.8 g/dL (interquartile range, 0.5–1.5 g/dL). The median M-protein concentration was the same in the two calendar periods 1986–1995 and 1996–2005.
Patterns of survival
The median follow-up time was 5.6 years and 1,565 (37%) deaths were observed among the MGUS patients. When we estimated the cumulative RSR for the entire MGUS cohort, the 1-year, 5-year, 10-year, and 15-year RSR were 0.98 (95% CI 0.97–0.99), 0.93 (0.91–0.95), 0.82 (0.79–0.84), and 0.70 (0.64–0.76), respectively (Figure 1 and Table 2). When we evaluated survival patterns by age, we found that the youngest age category (<50 years) had 1-year, 5-year, 10-year, and 15-year RSR of 0.99 (95% CI 0.97–1.00), 0.98 (95% CI 0.96–1.00), 0.93 (95% CI 0.89–0.96), and 0.90 (95% CI 0.81–0.95), respectively (Figure 2 and Table 2). For the oldest age category (>80 years), the 1-year, 5-year, 10-year, and 15-year RSR were 0.97 (95% CI 0.94–0.99), 0.82 (95% CI 0.75–0.89), 0.60 (95% CI 0.44–0.77), and 0.74 (95% CI 0.11–2.41), respectively. Internal comparison analyses (Table 3) showed that younger age at the time of the MGUS being diagnosed was associated with a significantly lower excess mortality (p<0.001). The excess mortality among MGUS patients increased with a longer follow-up (p<0.001). We also found that IgM (versus IgG/A) MGUS was associated with a superior survival (p=0.038). However, we did not find any difference in survival in relation to M-protein concentration (above/below 1.0 g/dL or above/below 1.5 g/L). Even within each MGUS subtype (IgG, IgA, and IgM), there was no difference in survival in relation to M-protein concentration at diagnosis (Table 3). Finally, the evaluation of survival patterns by sex, showed that females had a lower excess mortality than males (Table 3).
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Table 1.Characteristics of the MGUS patients and matched controls.
Causes of death
As shown in Table 4, compared to controls, MGUS patients had an increased risk of dying from MM (hazards ratio [HR]=553; 95% CI 77–3946), WM (18 cases and 0 controls, HR=infinity), other lymphoproliferative malignancies (HR=6.5; 95% CI 2.8–15.1) and other hematologic malignancies (most commonly, acute myeloid leukemia) (RR=22.9; 95% CI 8.9–58.7). However, there was no increased risk of dying from solid tumors (HR=0.9; 95% CI 0.8–1.1). Furthermore, compared to controls, we found that MGUS patients had an increased risk of dying of amyloidosis (24 cases and 0 controls, HR=infinity), bacterial infections (HR=3.4; 95% CI 1.7–6.7), ischemic heart disease (HR=1.3; 95% CI 1.1–1.4), other heart disorders (mainly congestive heart failure, heart valve diseases, cardiomyopathy, and arrhythmias) (HR=1.5; 95% CI 1.2–1.8), liver diseases (typically, liver failure and cirrhosis) (HR=2.1; 95% CI 1.1–4.2), other hematologic disorders (most frequently hemolytic anemia and aplastic anemia) (HR=6.9; 95% CI 2.7–18), and renal diseases (mainly renal failure and glomerular diseases) (HR=3.2; 95% CI 2.0–4.9) (Table 4).
When comparing causes of death stratified by age at diagnosis (below or above 60 years old), the risk estimates followed similar patterns as those resulting from the main analyses. We did, however, find a higher proportion of hematologic malignancies, amyloidosis, and liver disorders in younger MGUS patients than in older MGUS patients. We also found a higher proportion of heart disease and vascular disorders in older MGUS patients than in younger ones (data not shown). For example hematologic malignancy was the underlying cause of death in 35%, 34%, 22%, 16%, and 11% of the patients in the age categories under 50, 50–59, 60–69, 70–79, and over 79 years old, respectively, whereas heart disease was the underlying cause of death in 10%, 13%, 20%, 32%, and 35% in the corresponding age categories. The main causes of death according to MGUS subtype were essentially the same, except that MGUS patients who subsequently died from WM predominantly had IgM MGUS and those who died from MM typically had IgG/IgA MGUS. Causes of death were similar between the two calendar periods, 1986–1995 and 1996–2005 (data not shown).
Discussion
In this large nationwide study including more than 4,000 MGUS patients diagnosed in a clinical context at outpatient units in Sweden between 1986 and 2005, we show that individuals with MGUS have a poorer survival than the general population. In accordance with the literature,5,6 major causes of the observed excess mortality were MM, WM, and other lymphoproliferative diseases including amyloidosis. In addition, we found that MGUS patients had an increased risk of dying from myeloid malignancies, bacterial infections, heart diseases, liver disorders, and renal diseases. The explanations of our findings probably include a combination of pathogenic mechanisms related to MGUS as well as factors related to the underlying disease which led to medical work-up and detection of MGUS.
[image: ]

Figure 1.Relative survival ratios for MGUS patients.
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Figure 2.Relative survival ratios for MGUS patients, stratified by age.
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Table 2.One-, 5-, 10- and 15-year relative survival ratios (RSR) in 4,259 MGUS patients, stratified by age at diagnosis.
We found that 10 and 15 years after diagnosis, MGUS patients have RSR of 82% and 70%, respectively. Prior studies have also shown a lower life expectancy in MGUS patients;5,6,10–12,19,20 however, in none of these were causes of death among MGUS patients compared to those of matched controls. Our finding of an increasing excess mortality rate with time from diagnosis is novel and in contrast to the results of a study from Denmark.12 The discrepancy between these studies may involve selection mechanisms. Furthermore, we found that the excess mortality associated with having MGUS was four times higher after 8–10 years of follow-up than after 2–4 years.
Based on studies with long-term follow-up the main causes of deaths in MGUS patients are malignant diseases, cardiovascular and cerebrovascular diseases and infections.10,12,13 In our study, we confirmed that MGUS patients had an increased risk, compared to that of controls, of dying from lymphoproliferative disorders,5,6 and in addition we found an excess risk of death from myeloid malignancies (mainly acute myeloid leukemia) and a wide variety of non-malignant disorders.
[image: ]

Table 3.Excess mortality ratios and 95% CI during the first 10 years after MGUS diagnosis, by age at diagnosis, time since diagnosis, MGUS subtype, concentration of M-protein at diagnosis, and sex.
Importantly, we found that the excess mortality among MGUS patients was strongly dependent on age at diagnosis, as had been observed in a Dutch11 but not in the Danish study.12 In our study, at 5 years of follow-up, younger MGUS patients had a RSR of 98%, while older (>80 years) MGUS patients had a 5-year RSR of 82%. The main causes of death in younger patients were lymphoproliferative malignancies, amyloidosis, and liver disorders, whereas cardiovascular diseases dominated in elderly MGUS patients. The observed age-related difference in survival patterns and causes of death may have implications for the management of MGUS, and support a risk-adapted strategy for follow-up and intervention in patients with this disease.
[image: ]

Table 4.Causes of death among MGUS patients and controls and hazard ratios and 95% CI as measures of excess risk of dying among MGUS patients versus controls.
To our knowledge, we are the first to report that patients with IgM MGUS patients have a better survival than those with MGUS of the IgG and IgA subtypes. Schaar et al. did not observe any difference in survival by MGUS subtype.11 It was reported that the risk of malignant transformation was higher for IgM MGUS than for IgG MGUS.5 In our study, we found similar cause-of-death patterns by MGUS subtype, except that MGUS patients who subsequently died because of WM predominantly had IgM MGUS whereas those who died from MM typically had IgG/IgA MGUS. High M-protein concentration at diagnosis has been reported to predict a poorer outcome in MM and MGUS.5,6,9 We, however, in accordance with another study on MGUS,11 did not observe such an association between M-protein concentration at diagnosis and survival. Our study has several strengths, including its large size as well as the application of high-quality data from Sweden in a population with access to standardized universal medical health care during the entire study period.
Our study had a register-based cohort design, which ensured a population-based setting and generalization of our findings. As reported previously,21 the MGUS diagnoses in the study were established at hematology/oncology units, typically including a bone marrow examination. In addition, ascertainment and diagnostic accuracy for lymphoproliferative disorders is very high in Sweden.22
The limitations of the study include lack of information on potential confounders (although the matched design and analyses ensured adjustment for sex, age, and geography), and lack of detailed clinical data including co-morbidity. Because we did not screen for MGUS, we did not identify all MGUS cases in Sweden during the study period. Also, since our MGUS cases were defined in a clinical setting, they might have had higher M-protein concentrations than those of cases identified in a screening study. As already pointed out, the observed excess mortality among MGUS patients may, at least to a certain degree, reflect various underlying medical illnesses that contributed to the medical work-up eventually leading to the detection of MGUS. To better define the role of pathogenic mechanisms that are specific for MGUS and their influence on mortality, we are planning an MGUS screening-based mortality study. We believe that these two studies will provide different insights and shed light on clinical and scientific perspectives, respectively. To minimize such influences, MGUS patients with a diagnosis of a lymphoproliferative malignancy and/or who died within 6 months following the diagnosis of the MGUS were excluded from our analyses. Furthermore, we did not include patients diagnosed during an inpatient visit. There may be inaccuracies in the specified causes of death, which were based on death certificates. However, because we compared causes of death between cases and matched controls using data obtained from the same registries, the ascertainment should be non-differential and the relative risks should not be biased. An important aspect to bear in mind when interpreting our results is that we included MGUS patients diagnosed in an outpatient setting in standard clinical practice. Consequently, our findings are relevant to clinicians managing MGUS patients, since MGUS is associated with an excess mortality, not only restricted to MM and other lymphoproliferative disorders, but also to other non-malignant diseases. It cannot be ruled out that the observed increased risk of dying due to bacterial infections, renal, and heart diseases, at least in some cases, might be reflections of early MM, amyloidosis or another lymphoproliferative malignancy. This emphasizes how important it is that clinicians suspect a potential transformation to MM or another lymphoproliferative disorder when encountering new clinical signs or symptoms in a patient with MGUS.
In summary, we found that individuals diagnosed with MGUS in a clinical setting had a significantly reduced life expectancy. The rate of transformation of MGUS to MM or other lymphoproliferative diseases is 1% per year;5,6 however, the majority of MGUS patients are diagnosed as a result of a clinical investigation for different medical reasons, and were found to die from other causes. The observed excess mortality was particularly pronounced among elderly MGUS patients. Besides the well-known increased risk of dying from MM and other lymphoproliferative diseases, we found an excess risk of dying from bacterial infections, and heart, liver, and kidney diseases. Our findings show that a diagnosis of MGUS is of significance, not only with regard to the increased risk of malignant transformation but also with regard to an excess mortality from other causes. The observed cause-of-death patterns varied depending on the age of the patients at the time the diagnosis of MGUS was made, and this may have clinical implications. Future studies are needed to provide new insights into the pathogenesis of MGUS and find better predictors of the development of lymphoproliferative malignancies and other morbidities. It is to be hoped that such knowledge would lead to early actions to prevent or delay the progression of MGUS and complications of this disorder.
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