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Brief description: 

Cancer mortality rate is an important public health measure of progress against cancer. 

The authors assessed trends in mortality rates of multiple myeloma (MM) in parallel 

with incidence rates of MM in Japan and the U.S. Mortality rates of MM significantly 

decreased after introduction of novel agents despite increasing trends in incidence rates 

in both countries. Moreover, the improvements of mortality rates were particularly large 

in patients aged 70-79 years, who cannot receive stem-cell transplantation. 
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Abstract 

Previously, the main treatment for multiple myeloma (MM) was cytotoxic 

chemotherapies, including autologous stem-cell transplantation (ASCT), but survival 

benefit in the elderly was limited. More recently, clinical trials and practical experience 

with novel agents with superior efficacy have shown improved survival, including in the 

elderly. However, this improvement cannot be simply interpreted as a decline of 

mortality rate that is an important public health measure of progress against cancer. 

Here, we assessed the trends in mortality rates of MM in parallel with incidence rates in 

Japan and the U.S. We used national mortality data and population-based cancer 

registry data in both countries from 1995 to 2015, during which 74,972 patients in Japan 

and 229,290 patients in the U.S. died of MM. Trends in mortality and incidence rates 

were characterized using joinpoint regression analysis. Despite upward trends in 

incidence, mortality rates showed a significant decrement after 2005 in Japan, with an 

annual percent change [APC (95% confidence interval)] of -2.5% (-2.9% to -2.1%), and 

after 2002 in the U.S., with an APC of -2.0% (-2.6% to -1.5%). In both countries, the 

change in mortality trend coincided with the introduction of the novel agents. Moreover, 

improvements in mortality were particularly large in patients aged 70-79 years, who 

cannot receive ASCT. Our results indicate that the benefits of novel agents for MM are 
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appreciable at the population level and may encourage further development of novel 

agents for malignancies that can be widely applied to the patients.
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Introduction 1 

The efficacy and toxicity profiles of novel agents are evaluated by clinical trials in the 2 

context of adverse events, response rates and survival time. Although proof of 3 

superiority in clinical trials is essential in drug approval, approval itself is not 4 

necessarily appreciable as decrease in mortality rates in the general population. 5 

Nevertheless, mortality rate in the general population remains an important public 6 

health measure of progress against cancer.1, 2 Indeed, prominent interventions 7 

sometimes appreciably impact public health as a change in national statistics. Examples 8 

include significant improvements in mortality rates reported after interventions with 9 

vaccination and with drugs such as aspirin.3, 4 Similarly, we previously reported a 10 

dramatic improvement in mortality rates for chronic myeloid leukemia, a hematological 11 

neoplasm, following the introduction of imatinib.5 12 

Multiple myeloma (MM) is a plasma cell neoplasm which is characterized by 13 

clonal plasma cells in the bone marrow, monoclonal protein in the serum and/or urine, 14 

and MM-induced organ dysfunction.6 MM has been generally considered incurable. For 15 

many years, the main treatment for MM was cytotoxic chemotherapies. The 16 

introduction of high-dose melphalan with autologous stem-cell transplantation (ASCT) 17 

in the late 1980s resulted in a significant improvement in overall survival (OS) among 18 
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transplant-eligible younger patients. In contrast, however, the OS of 19 

transplant-ineligible elderly patients did not improve.7 20 

Around 2000, the treatment paradigm for MM underwent a remarkable change, 21 

thanks to the introduction of novel agents with superior efficacy profiles but different 22 

toxicity profiles, such as thalidomide, bortezomib, and lenalidomide (Supplementary 23 

Table 1).8-14 Then, following by introduction of many novel agents, treatment now 24 

involves a combination of these novel agents.15 Improvements in survival have been 25 

shown in clinical trials16, 17 and retrospective analyses of hospital-based data,18, 19 26 

including in elderly patients. In fact, a real-world report in the U.S. showed a significant 27 

increase in proportion of MM patients treated with novel agents (patients diagnosed in 28 

2000, 8.7%; patients diagnosed in 2014, 61.3%).20 To date, however, the disease burden 29 

of MM in terms of mortality rate at the general population level has not been evaluated. 30 

Here, to quantitatively determine the efficacy of novel agents at the population 31 

level, we evaluated the mortality rates of MM in Japan and the U.S. In addition, we also 32 

calculated incidence rates of MM in both countries to account for the effect on the 33 

mortality during a specified period. 34 

 35 

Methods 36 
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Data Sources 37 

Mortality 38 

We used national mortality data in Japan and the U.S. In Japan, the number of deaths 39 

from MM was obtained from Vital Statistics Japan (Ministry of Health, Labour and 40 

Welfare). In the U.S., publicly available MM mortality data collected by the National 41 

Center for Health Statistics were extracted from the National Cancer Institute 42 

Surveillance Epidemiology and End Results (SEER) database using SEER*Stat.21 For 43 

both the Japanese and U.S. mortality data, deaths from MM were defined according to 44 

SEER Cause of Death Recode [International Classification of Diseases (ICD)-9: 203.0, 45 

238.6; ICD-10: C90.0, C90.2].22 The period specified for mortality analysis was 46 

1995-2015, which included the period of introduction of novel agents. 47 

 48 

Incidence 49 

We evaluated the trends in incidence using population-based cancer registry data in 50 

Japan and the U.S. Japanese incidence data were obtained from the Monitoring of 51 

Cancer Incidence in Japan (MCIJ) project in 2015.23 Among registries, we selected 13 52 

prefectural cancer registries (Miyagi, Yamagata, Chiba, Kanagawa, Niigata, Fukui, 53 

Aichi, Shiga, Osaka, Tottori, Yamaguchi, Nagasaki, and Kumamoto) which consistently 54 
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registered MM to the MCIJ project during the specified period. These databases covered 55 

35.8% of the total Japanese population in 2015. The U.S. incidence data were quoted 56 

from the SEER 9 cancer database through SEER*stat,24 which covered 9 high-quality 57 

registries (Atlanta, Connecticut, Detroit, Hawaii, Iowa, New Mexico, San 58 

Francisco-Oakland, Seattle-Puget Sound, and Utah) that accounted for 9.4% of the total 59 

U.S. population in 2015. Patients with MM in Japan and the U.S. were defined as those 60 

registered with 9731/3, 9732/3 and 9734/3 (ICD-O-3), which corresponded to 203.0 61 

(ICD-9), 238.6 (ICD-9), C90.0 (ICD-10) and C90.2 (ICD-10). The period specified for 62 

incidence analysis was 1995-2015, namely the same as the period of mortality analysis. 63 

 64 

Population 65 

Population data were used to calculate mortality and incidence rates of MM. In Japan, 66 

total population data were obtained from the Cancer Information Service of the National 67 

Cancer Center, Japan.25 In the U.S., total population data were extracted from the SEER 68 

database using SEER*Stat.26 69 

 70 

Statistical analysis 71 
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We calculated annual age-standardized rates (ASRs; standardized by the world standard 72 

population27) for mortality and incidence of MM. We analyzed the trends in mortality 73 

and incidence rate, and calculated annual percent changes (APCs) and average annual 74 

percent changes (AAPCs)28 using a joinpoint regression model. This model has been 75 

described in detail elsewhere.29, 30 Briefly, joinpoint regression analysis is a statistical 76 

method that analyzes changing trends over consecutive segments of time and evaluates 77 

the significance of increase or decrease within each segment after identifying the best 78 

fitting model. Within each segment, the log of the rate is modeled as a linear function, 79 

yielding the annual exponential rate of change. For analysis, uncorrelated error models 80 

were used. The minimum number of joinpoints in the model was set as zero and the 81 

maximum number as three. The standard error was estimated for each year. Two-sided 82 

p-values <0.05 were considered statistically significant. In describing the trends, we 83 

defined increase or decrease as occurring when the APC or AAPC of the trends was 84 

statistically significant; otherwise, we defined the trend as stable. We also performed 85 

stratified analysis by age category, classified as age 0-49, 50-59, 60-69, 70-79, and 80 86 

years or older. All analyses were conducted using Stata, version 15.1 software (Stata 87 

Corp., College Station, TX) and Joinpoint Regression Program, version 4.6.0.0 (U.S. 88 

National Cancer Institute, Bethesda, MD). 89 



 12 

 90 

Results 91 

Subject characteristics are shown in Table 1. A total of 74,972 patients in Japan and 92 

229,290 in the U.S. died of MM during the period. The proportion of males was higher 93 

in both incidence and mortality in both countries, and more than half of the patients 94 

were aged over 70 years at diagnosis in both countries (61.9% in Japan and 50.6% in 95 

the U.S.). 96 

Trends for ASRs in mortality and incidence analyzed by joinpoint regression 97 

analysis are shown in Table 2 and summarized in Figure 1, and trends for ASRs sorted 98 

by sex are summarized in Supplementary Figure 1. In Japan, while the incidence rate 99 

showed a significant increasing trend [APC 0.9%, 95% confidence interval (CI) 0.6% to 100 

1.2%], the mortality rate significantly turned to decrease in 2005, with an APC of -2.5% 101 

(95% CI; -2.9% to -2.1%) (Table 2) (joinpoints and their 95% CIs are shown in 102 

Supplementary Table 2). Similarly, while the incidence rate showed an upward trend 103 

(APC 0.9% and its 95% CI; -0.3 to 2.0%), the magnitude of the downward trend in 104 

mortality rate became larger in 2002 with an APC of -2.0% (95% CI; -2.6% to -1.5%) in 105 

the U.S (Table 2) (joinpoints and their 95% CIs are shown in Supplementary Table 2). 106 
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As shown in Figure 1, the change in mortality trends in both countries appeared to 107 

coincide with the timing of introduction of the novel agents. 108 

The trends for age-specific rates in mortality and incidence are shown in Table 109 

3 and Figure 2. In both countries, mortality rates had a trend of decline in patients aged 110 

less than or equal to 79 years in both countries with upward trends in incidence rates 111 

after the introduction of novel agents. Especially, mortality rate of patients aged 70-79 112 

years showed remarkable trends in both countries. In Japan, mortality rate changed to 113 

decrease in 2004 with an APC of -3.1% (95% CI; -3.7% to -2.6%), following an upward 114 

trend in mortality rate (APC 1.2%, 95% CI 0.4% to 2.0%) (Table 3). The magnitude of 115 

decline of mortality rate was remarkable in this age-category with higher mortality rate 116 

itself than the other age categories less than 69 years of age, although the APC was not 117 

larger than the others (Figure 2). In the U.S., mortality rate changed to decrease in 2002 118 

with an APC of -2.1% (95% CI -3.1% to -1.0%), following a stable trend in mortality 119 

rate (APC 0.1%, 95% CI -0.5% to 0.8%) (Table 3). On the contrary, mortality rates did 120 

not decline in patients over 80 years of age in both countries despite the same trends in 121 

incidence as in other age categories. 122 

 123 

Discussion 124 
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In this study, we showed that the mortality rates of MM changed to a downward trend 125 

in 2005 in Japan and in 2002 in the U.S. Following these changes in mortality trends, 126 

the ASRs declined with an APC of approximately 2.0% in the two countries. These 127 

changes in mortality trends appeared to coincide with the introduction of novel agents in 128 

both countries. MM was previously a lethal condition, allowing the possibility that 129 

mortality rates would decline immediately after their introduction. Given that the 130 

incidence rates did not decline over the observation period, and indeed increased, it 131 

would be reasonable to consider that the incorporation of novel agents into the treatment 132 

of MM had the effect of improving the mortality rate of MM in the general population. 133 

To our knowledge, this is the first population-based study to evaluate the mortality and 134 

incidence rates of MM in the era of novel agents in Japan and the U.S. 135 

Patient age is an important factor in clinical decision making for treatment 136 

indications of MM.31 One interesting characteristic of this study is its evaluation of 137 

trends in mortality rate by age category, which showed heterogeneity. For example, the 138 

age-specific mortality rates showed a prominent decrement among patients aged 70-79 139 

years after the emergence of novel agents (Figure 2). Rates declined in both countries, 140 

following an initial increasing trend in Japan and after a stable trend in the U.S. Patients 141 

aged 70-79 years are transplant-ineligible and have not benefited from ASCT.7 In 142 
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contrast, novel agents are recommended as an initial therapy options even for elder 143 

transplantation-ineligible patients, and these patients got a wider availability of 144 

treatment after introduction of novel agents.15, 32 Our finding suggests that the benefits 145 

of novel agents may be particularly large in patients who received less benefit from 146 

conventional chemotherapies, such as ASCT. This benefit in turn represents a reduction 147 

in disease burden in terms of mortality at the general population level. Indeed, many 148 

clinical studies exclude elderly patients, necessarily resulting in the failure to fully 149 

evaluate the subject disease population. Population-based study is particularly effective 150 

and necessary in such less studied populations. 151 

The age-specific mortality rates in patients aged less than or equal to 69 years 152 

also showed declining trends in the era of novel agents in both countries. However, we 153 

did not observe any joinpoints in several age groups after introduction in either country, 154 

namely in those aged 0-49, 50-59, or 60-69 years. The mortality rates in patients aged 155 

less than or equal to 69 years were declining before the introduction of novel agents, 156 

possibly because patients aged less than or equal to 69 years were transplant-eligible. 157 

The additional treatment options afforded by the introduction of novel agents might also 158 

explain the continuous decline among these age populations in both countries, in part at 159 

least. 160 
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Of note, the age-specific mortality rates in patients over 80 years of age did not 161 

show any decline in either country, although the magnitude of change in incidence was 162 

not as large as in other age categories (Figure 2 and Table 3). This may be because 163 

elderly patients generally have many comorbidities and may be less tolerant to even 164 

novel agents.33 The novel agents are known to improve MM-related complications, such 165 

as kidney impairment,34 and may also confer benefits additional to the decline in 166 

mortality rate. In patients over 80 years of age, it is desirable to evaluate the benefits of 167 

novel agents from aspects other than mortality rate. 168 

 A number of previous population-based studies have reported improvements in 169 

the survival time of MM in the era of these novel agents. In Japan, the five-year relative 170 

survival rate from 2003 to 2008 was reported to have improved (1997-1999, 29.8%; 171 

2000-2002, 29.0%; 2003-2005, 32.6%; 2006-2008, 36.4%).25, 35 In the U.S., the 172 

five-year relative survival rate improved significantly from 2002 to 2007 (1993-1995; 173 

31.7%, 1996-2001; 34.6%, 2002-2004; 42.5%, 2005-2007; 46.4%, respectively).36 In 174 

general, survival is undoubtedly an important parameter of disease prognosis, and can 175 

be influenced by earlier diagnosis without postponing the time of death (lead-time bias) 176 

and increased detection of indolent cancers (length bias), and so on.1, 2 Given this, 177 

improvement of survival estimates can be overestimated regardless of the actual clinical 178 
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impact of treatment. We overcame this potential bias in survival evaluation in a clinical 179 

study setting by applying population-based mortality rates and showing a decline in 180 

mortality rates of MM in the era of novel agents. 181 

This study has several strengths. First, to our knowledge, it is the first to 182 

evaluate mortality and incidence rates in patients with MM, which are essential to the 183 

setting of public health priorities. Second, we used unbiased population-based data, 184 

which namely included all MM patients irrespective of whether or not they were treated 185 

with novel agents. If any misclassification were present, it would likely be 186 

non-differential and therefore likely to underestimate the significance. Nevertheless, 187 

mortality rates have declined significantly in the era of novel agents. Our findings show 188 

the remarkable impact of these novel agents on patients with MM. 189 

 Several limitations also should be noted. First, we observed the coincidence in 190 

timing of the introduction of novel agents and the decline in mortality rates. In other 191 

words, we did not directly evaluate the impact of novel agents on mortality rates. 192 

Accordingly, other factors might have biased the interpretation of our results, such as 193 

changes in supportive therapies for MM or changes in incidence trends. MM is 194 

accompanied by a range of complications such as renal failure, infection, anemia, 195 

bone-related complications, and others, all of which increase the risk of mortality. For 196 
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example, bone-modifying agents reduces the risk of bone-related events in MM 197 

patients.37 Therefore, new supportive therapies including bone-modifying agents for 198 

these conditions might also have contributed to decreasing mortality rates throughout 199 

the period. In addition, trends in incidence rates might also affect trends in mortality 200 

rates. Because the quality of registration has improved and the number of registrations 201 

has increased since 2005 in Japan,23 the observed increasing trends in incidence in this 202 

study might simply be an artificial increase from increased registration. This possibility 203 

is unlikely, however, because we observed the same upward trend in incidence [ASR; 204 

APC 0.8% (95% CI 0.4% to 1.2%), data not shown] using data from four Japanese 205 

registries with high and stable registration quality. In addition, similar increasing trends 206 

in incidence were observed in different populations in the U.S. with high-quality 207 

registration. Based on these findings, we believe that the observed upward trends of 208 

incidence were not biased by improving registration quality. 209 

Second, our data did not include clinical information for individuals, such as 210 

clinical stage, cytogenetic abnormality, and complications. Therefore, our analyses did 211 

not indicate differences in improvement of mortality rates by clinical subtype. 212 

Nevertheless, our data show a remarkable declining trend in the mortality rates of MM 213 

in patients from various real-world clinical backgrounds after the introduction of these 214 
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novel agents. In addition, novel agents are widely recommended for a very broad range 215 

of patients, such as transplantation-eligible patients, transplantation-ineligible patients, 216 

patients with newly diagnosed disease, and patients with relapse/refractory disease.15 In 217 

fact, the real-world report showed that the number of MM patients using novel agents 218 

has significantly increased.20 Besides, a previous study reported that the improvement of 219 

survival in the era of novel agents was remarkable in the patients over 65 years old.18 220 

 In conclusion, we found that the disease burden of MM in terms of mortality 221 

rate significantly reduced in both countries after introduction of novel agents despite 222 

increasing trends in incidence rate. Our results indicate that the introduction of novel 223 

agents for MM has had a remarkable impact at the general population level. In addition, 224 

those who received greater benefit from these novel agents tended to be patients aged 225 

70-79 years, who had received less benefit from conventional chemotherapy, such as 226 

ASCT. Our results may encourage further development of more effective and less toxic 227 

novel agents for malignancies, including MM that can be administered to patients across 228 

a wide range, including elderly patients, although evaluation the data for health system 229 

in terms of economic sustainability is required. 230 
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Figure legends 

Figure 1. Overall trends in age-standardized mortality and incidence rate of 

multiple myeloma 

Overall trends in age-standardized mortality and incidence rate of multiple myeloma in 

(A) Japan and (B) the U.S. World standard population was applied. White circles 

indicate the observed incidence rate, black diamonds indicate the observed mortality 

rate, and lines indicate modeled rates estimated by joinpoint regression analysis. 

Vertical lines at left show the first phase I/II study of a novel agent and those at right 

show the first approval of a novel agent. 

 

Figure 2. Age-specific trends in mortality and incidence rate of multiple myeloma 

Age-specific mortality and incidence rate of multiple myeloma in (A) Japan and (B) the 

U.S. White circles indicate the observed incidence rate, black diamonds indicate the 

observed mortality rate, and lines indicate modeled rates estimated by joinpoint 

regression analysis. Vertical lines at left show the first phase I/II study of a novel agent 

and those at right show the first approval of a novel agent. 


