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ABSTRACT Multiple myeloma is the second most common hematological cancer; it accounts for ap-
proximately 10% of all hematologic malignancies and 1%-2% of all cancer diagnoses. From 1990 to 2019,
an ecological study was conducted to describe and evaluate trends in Brazil’s morbidity, mortality, and
disease. The Global Burden of Disease data described age-standardized (+40 years) incidence, prevalence,
mortality, disability-adjusted life years, and its components in Brazil and across its 27 federative units
according to sex and Socio-demographic Index quintiles. Trends were estimated using linear regres-
sion and expressed as Average Annual Percentage Changes (AAPC) and 95% Confidence Intervals (CI).
Ascending trends of the measures were found for both sexes in Brazil and its federative units. Mortality
increased to a lesser extent than incidence (AAPC=1.3%; 95%CI=1.2-1.3 vs. AAPC=1.5%; 95%CI= 1.5-1.5
for men; AAPC=0.9%; 95%CI=0.9-0.9 vs. AAPC=1.1%; 95%CI=1.1-1.2 for women), resulting in higher rising
trends in prevalence for both sexes. All the measures were significantly higher in high- and high-middle
socio-demographic quintiles; however, higher ascending trends were found in lower socio-demographic
quintiles. Aging, level of development, diagnosis, and treatment appear to explain Brazil’s ascending
multiple myeloma rates and their differences among the federative units.

KEYWORDS Multiple myeloma. Incidence. Mortality, disability-adjusted life years. Brazil.

RESUMO O mieloma muiltiplo é o segundo cdncer hematolégico mais comum; representa aproximadamente
10% de todas os cdnceres hematoldgicos e 1%-2% de todos as neoplasias. Foi conduzido um estudo ecologico para
descrever a morbidade, a mortalidade e a carga da doenga no Brasil e suas 27 unidades federativas e avaliar
tendéncias entre 1990-2019. Dados do estudo da Carga Global de Doengas foram avaliados para descrever
medidas ajustadas por idade: incidéncia, prevaléncia, mortalidade, anos de vida ajustados pela incapacidade
e seus componentes de acordo com sexo e Indice Sociodemogrdfico. As tendéncias foram estimadas usando
regressdo linear e expressas como Variagdo Percentual Anual Média (AAPC) e Intervalos de Confian¢a (IC)
95%. Tendéncias ascendentes das medidas foram observadas. A mortalidade aumentou em menor extensdo
comparada a incidéncia (AAPC=1,3%; 1C95%=1,2-1,3 vs. AAPC=1,5%; IC95%=1,5-1,5 homens; AAPC=0,9%;
1C95%=0,9-0,9 vs. AAPC=1,1%; IC95%=1,1-1,2 mulheres), resultando em tendéncias crescentes da prevaléncia
para ambos os sexos. Todas as medidas foram mais altas nos quintis do indice sociodemogrdfico alto e mé-
dio-alto; tendéncias ascendentes mais altas foram encontradas em quintis do indice sociodemogrdfico mais
baixos. Envelhecimento, nivel de desenvolvimento, acesso ao diagnéstico e tratamento parecem explicar as
medidas ascendentes do mieloma multiplo no Brasil e suas diferencas entre as unidades federativas.

PALAVRAS-CHAVE Mieloma multiplo. Incidéncia. Mortalidade. Anos de vida ajustados pela incapacidade.
Brasil.
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Introduction

Multiple Myeloma (MM) is an incurable he-
matological malignancy that primarily affects
older adults'. It is characterized by the pro-
liferation of clonal plasma cells in the bone
marrow, resulting in damage to end organs
(hypercalcemia, renal failure, anemia, or lytic
bone lesions - CRAB features)2. MM usually
evolves from asymptomatic conditions of
Monoclonal Gammopathy of Undetermined
Significance (MGUS) and Smoldering MM
(SMM) to symptomatic MM at progression
rates of approximately 1% and 10% per year,
respectively'. Known risk factors for MM are
aging, male sex, black race, genetic factors'?,
family history of MM3, high Body Mass Index
(BMI)4, and occupational exposures, such as
pesticides®®.

MM is the second most common hema-
tological cancer; it accounts for approxi-
mately 10% of all hematologic malignancies
and 1%-2% of all cancer diagnoses. Globally,
from 1990 to 2019, the age-standardized in-
cidence rate of MM has increased from 1.73
cases per 100,000 to 1.92 cases per 100,000,
with a significant age-standardized prevalence
increase [4.21 (95% Uncertainty Interval - UI,
3.86-4.64) to 5.55 (95% UI, 4.89-6.18)] and
the downward tendency of age-standardized
mortality rates since the early 2000’s#. These
reflect the global disease burden estimated
at 2.5 million Disability-Adjusted Life Years
(DALYs) in 2019, corresponding to an age-
standardized rate of 30.26 DALYs per 100,0007.

Although MM still has no cure, the disease
is treatable. Increasing survival rates have been
attributed to the availability of Autologous
Stem Cell Transplantation (ASCT)8* and to the
Introduction of Immunomodulatory Drugs —
IMiDs (e.g., thalidomide and its analog lenalid-
omide) and Proteasome Inhibitor - PI drugs
(e.g., bortezomib) in the MM treatment in the
early 2000’s'%1", These drug classes are recom-
mended to be used in the induction therapy
followed by ASCT in transplant-eligible
newly diagnosed MM patients and preferred
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first line therapy for patients unsuitable for
transplantation in developed countries'?3,

Despite the advances in the MM treatment,
there are marked inequalities concerning
access to ASCT?®? and drug availability world-
widel%14, In Brazil, thalidomide (2002) and
bortezomib (2020) have been made available
free of charge through the national Unified
Health System (Sistema Unico de Saude -
SUS) for patients treated in public (High-
Complexity Oncology Centers — CACONs
and High-Complexity Oncology Units -
UNACONS) and private specialized health
centers. Lenalidomide was approved for MM
treatment in Brazil in 2017'5; however, it was
not incorporated into SUS and made accessible
without costs for use’e.

Some studies have provided valuable knowl-
edge on MM epidemiology and addressed the
influence of factors such as population growth,
aging, structure of health care system, and
treatment availability on the burden of disease
in high- to low-income countries3410.1718,
Age-standardized mortality rates have de-
creased in high Socio-demographic Index
(SDI) countries yet have shown a rising trend
in low- to high-middle SDI countries*'© as
in many countries of Latin America3. Age-
standardized incidence rates have increased
globally. Particularly in low- to middle-SDI
regions, the increase in incidence rates has
been regarded as due to aging and population
growth'©. In addition, the authors pointed out
that disparities in access to treatment (ASCT
and novel therapies) and early diagnosis could
explain the geographical heterogeneity of MM.
The pattern of disease is also different between
sexes, affecting mainly men. Although some
risk factors for MM have been established
(e.g., race, family history of MM, BMI, and
occupational exposures), further investigation
on etiologic factors is still needed4-6:1°,

MM estimates are not released periodically
in Brazil; thus, reporting epidemiological pat-
terns of the disease is crucial to inform national
health decision-making and planning and to
guide research. Therefore, we performed a



comprehensive analysis of the Global Burden
of Disease (GBD) study 2019 to describe the
epidemiological pattern of MM in Brazil. Our
objective was to report age-standardized (+40
years) incidence, mortality, DALY, years of
life lost (YLL) and years lived with disability
(YLD) and assess trends in morbidity, mor-
tality, and burden of MM from 1990 to 2019,
by age and SDI group in Brazil, across its 27
federative units.

Material and methods

This is a time-series ecological study using
data from the GBD study. Data on MM were
obtained to calculate incidence, prevalence,
mortality, DALY, and its components - YLL
and YLD of MM in Brazil between 1990 and
2019. Data were extracted from the Global
Health Data Exchange (GHDx) query tool°,
C88and C90 codes of the International Disease
Classification, tenth revision (ICD-10) were
considered for MM definition.

GBD uses standard approaches for data
correction. In the case of mortality, the main
adjustments include the redistribution of un-
specific codes (garbage codes) or codes that
cannot be considered the underlying cause
of death. Mortality was adjusted for all-cause
mortality separately estimated through a
process called ‘CodCorrect’, as reported by
other authors'%29:21, Incidence data were
derived from population-based cancer regis-
tries, as described elsewhere™®.

GBD calculates DALYs for MM as the sum
of the YLL. YLL is calculated by the difference
between a standard life expectancy and the age
at death, and YLD is obtained by multiplying
the prevalence by disability weights for mutu-
ally exclusive sequelae of MM,

We used age-standardized (40+ years) mea-
sures to calculate incidence, mortality rates
DALYs, YLL, and YLD, and prevalence over
the 30-year study period, according to sex
and federative units and SDI group. SDI is a
composite indicator based on the total fertility
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rate under the age of 25, mean education for
those ages 15 and older, and lag-distributed
income per capita. It varies from 0 (minimum
level of development) to 1 (maximum level of
development), allowing the comparison of
the level of development relevant to health
across Brazilian federative units?2. We cal-
culated SDI quintiles annually between 1990
and 2019 for Brazil and all its 27 federative
units, which were categorized into five groups:
low-, low-middle-, middle-, highmiddle-, and
high-quantile.

A direct method was employed to standard-
ize all health indicators, using the world popu-
lation as a reference. All rates were expressed
per 100,000. The Average Annual Percentage
Change (AAPC), with a 95% Confidence
Interval (CI), was calculated to identify trends
for MM measures in Brazil and its federative
units by sex and SDI quintiles. AAPC is the
weighted average of the angular coefficients
of the regression line, with weights equal to
the length of each segment throughout the
interval. An increase or decrease in trend is
statistically significant when different from
0 (p < 0.05) and stable when equal to 0 (p
> 0.05)23. Trend analysis was carried out by
linear regression using the Joinpoint regres-
sion program, version 4.9.1.0 - April 11, 2022,
from the Surveillance, Epidemiology and
End Results program (SEER) of the National
Cancer Institute?4.

This study complies with the Resolution n°®
466/201225, which regulates human subject
research in Brazil. The Ethics Committee of
the Universidade Federal de Minas Gerais ap-
proved the study (CAAE 62803316.7.0000.5149,
Opinion Number 1.873.624).

Results

Incidence and prevalence

In Brazil, 1,240 and 4,843 new cases (+40
years, both sexes) of MM were registered in
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1990 and 2019, respectively. There was a rising
trend in the incidence of MM for both sexes
over the period. Men had the largest incidence
(from 4.40/100,000 in 1990 to 6.78,/100,000 in
2019 - AAPC=1.5;95%CI=1.5-1.5) compared to
women (3.97/100,000 in 1990 and 5.50,/100,000
in 2019 - AAPC=1.1; 95%CI=1.1;1.12) (table I).
In all federative units, there was an upward
incidence trend from 1990 to 2019 for both
sexes (table I). The lowest rates among men
were found in the state of Amapa (2.21/100,000
in 1990 vs. 3.96/100,000 in 2019) and the
highest in the Distrito Federal (8.55/100,000
in 1990 vs. 10.35/100,000 in 2019). The most
pronounced increasing trends in incidence
were observed in Bahia and the least one in the
Distrito Federal. In women, the lowest rates
were in Maranhfo in 1990 (2.08/100,000) and
Para in 2019 (2.92/100,000); the highest inci-
dences were observed in the Distrito Federal
in both periods (7.01 and 8.56/100,000 in 1990
and 2019, respectively). Incidence rose for
all SDI groups; the most increasing trends
were found in the low- and low-middle SDI
quintiles for men (AAPC= 2.2; 95%CI=2.1-2.3
AAPC= 2.2; 95%CI=2.1-2.2, respectively) and
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in the low SDI quintile for women (AAPC=1.9;
95%CI=1.9-2.2) (figure 1A, table 4).

The number of prevalent cases (+40 years)
of MM for both sexes was 2,649 in 1990 and
11,820 in 2019. Prevalence among men in Brazil
was 8.45/100,000 in 1990 and 15.10/100.000 in
2019, corresponding to an ascending trend of
2.0% per year (95%CI=2.0-2.1). Among women,
annual changes in prevalence increased by
1.7% (95%C1I=1.7-1.8) (8.58/100,000 in 1990
and 14.12/100.000 in 2019) (table I). The lowest
rates in men were found in Amap4 e and the
highest in the Distrito Federal. In women, the
lowest prevalence rates were in Maranhéo
(1990) and Para (2019) and the largest in the
Distrito Federal in both periods. Increasing
trends in the prevalence rates were observed
for all Brazilian States over the period, with the
higher rising trends registered in Maranhfio
and the lowest ones in Rio de Janeiro, Goias,
and the Distrito Federal (table 1). There
were increasing prevalence trends for all
SDI groups, with the low-SDI quintile group
having the highest changes for both sexes
(figure 1A, table 4).
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Table 1. Age-standardized incidence rate and prevalence per 100,000 and Average Annual Percent Change (AAPC) by sex, according to Federative unit and

Brazil, 1990-2019

Incidence Prevalence
Male Female Male Female
Years AAPC Years AAPC Years AAPC Years AAPC

Federative unit 1990 2019  (95%Ch 1990 2019  (95%CD) 1990 2019  (95%CDH 1990 2019 (95%Cl)
Acre 245 464 22Q2123) 244 3.87 1.6 (1.6,1.7) 4.32 967 28(2729) 491 9.37 22(2223)
Alagoas 273 464 19 (1.8,1.9) 2.56 3.71 130213 492 1002 25425 504 904 2.0 .0.21)
Amapa 2.21 396 20021 2.57 4.57 200921 4.26 851  24(2325) 562 134 24 (24;2.5)
Amazonas 274 445 170.71.8) 240 334 110711.2) 515 973 222223 498 8.37 19(1.8,1.9)
Bahia 298 6.61 282729 334 493 130314 567 1442 333234 696 1238 2.0(19.20)
Ceard 330 602 212322 312 452 130.21.3) 646 1367 272627) 673  MN73 2.0(19,20)
Distrito Federal 855 1035 06(050.8) 701 856 0.7(0607) 1596 24.20 141.216) 1526 2338 14 (1.31.5)
Espirito Santo 4.2 734 1901520) 391 5.87 14 (414) 811 1639 25(2426) 848 1520 2.0 (2.0;20)
Goids 4.82 6.72 120112 436 539 07(0.7,0.8) 939 1517 1.6 (1.61.7) 929 1391 14 (1.4;1.5)
Maranhéo 2.87 513 200921H 208 372 212022 512 1074 262527 4.31 on 2.7(26,2.8)
Mato Grosso 2.85 451 170618 304 432 12(1.21.3) 538 10.00 222123 643 10.82 1.8 (1.8,1.9)
Mato Grosso 3.76 5.88 15041.7) 3.60 4.88 113310 722 1276 20(1920) 775 1196 15(1.51.6)
do Sul

Minas Gerais 5.04 714 120112 412 5.88 120213 9.67 16.08 17 (1.7,1.8) 881 1522 19 (1.8,1.9)
Pard 261 425 170618 226 292 09(0809 480 904 22Q2123) 459 707 150571.5)
Paraiba 346 578 1.8 (1.7,19) 346 455  1.0(0910) 6.78 13.04 232224 739 1.62 1.6 (1.6;1.6)
Parana 415 694 1.8 (1.7,1.9) 3.71 558 1504;15) 787 1537 232324 776 1419 21(212.2)
Pernambuco 3.02 593 242325 312 483 15(14;1.6) 554 1257 29(2830) 632 170 2227123
Piauf 297 443 14 (1.314) 2.70 3.59 1.0 (1.0,1.0) 5.67 9.77 19 (1.8;2.0) 576  9.06 1.6 (1.6,1.6)
Rio de Janeiro 522 7.28 12011.2) 466 596 0.8(0.8,09) 979 1575 17 (.617) 996 14.88 14 (1.31.4)
Rio Grande do 3.57 617 1.8 (1.7,1.9) 347 516 14 (1.31.4) 698 1384 232224 752 1342 2.0 (2.0;20)
Norte

Rio Grande do Sul 491 752 150415 409 5.61 110711.2) 9.59 1713 2020221 918 1467 1.6 (1.61.7)
Ronddnia 334 486 140216 288 360 080809 588 1057 21(2.0;2.3) 557 884 1.6 (.51.7)
Roraima 3.79 516 110.0,1.2) 3.57 525 14(1.3,1.5) 6.84 11.02 17 .(.61.7) 734 1274 19(95,2.0)
Santa Catarina 470 710 150406) 426 577 111011 905 1641 212021 924 1550 1.8 (1.8,1.8)
S&o Paulo 5.65 7.84 110711.2) 4.88 6.61 110011 1094 1762 160617) 1080 1708 16 (1.51.6)
Sergipe 280 466 1.7.(1.7,1.8) 3.22 418 09(05,09) 514 1009 23Q2224) 651 10.34 16 (1.6,1.6)
Tocantins 309 620 25(2425) 218 319 130.21.3) 571 1351 30303 452 806 200921
Brazil 440 678 15(1.51.5) 397 550 11(13,1.2) 845 1510 2.0(2.0;21) 858 1412 1.7 (1.71.8)

Source: GHDx™.

AAPC: Average Annual Percent Change; Cl: Confidence Interval
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Figure 1. Age-standardized measures per 100,000, by sex according to Socio-demographic Index (SDI) quintiles. Brazil, 1990-2019. (A) incidence,
prevalence, and mortality; (B) Disability-Adjusted Life Years (DALYs), Years of Life Lost (YLLs), and Years Lived with Disability (YLDs)
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Mortality

Higher mortality rates of MM were observed
in Brazil in 2019 for men and women; however,
showing a slightly lower upward trend in com-
parison to incidence. Incidence increased in
men from 3.93/100,000 in 1990 to 5.68/100,000
in 2019 (AAPC=1.3; 95%CI=1.2-1.3), whereas an
annual increase of 0.9% (95%CI=0.9-0.9) from
1990 to 2019 was found for women (table 2).
The number of deaths due to MM (+40 years,
both sexes) was 1,059 in 1990 and 3,907 in 2019.

The lowest mortality rates for men were
observed in Amapa (1.99/100,000 in 1990 and
3.40/100,000 in 2019) and the highest in the
Distrito Federal (7.78/100,000 in 1990 and
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8.50/100,000 in 2019). In women, the lowest
rates were in Tocantins in 1990 (1.92/100,000)
and in Pard in 2019 (2.38/100,000); the highest
were found in the Distrito Federal in both
periods (6.02/100,000 in 1990 and 6.58
/100,000 in 2019). There was an upward trend
of mortality in all federative units for men and
women, varying from 0.3 (95%CI=0.2-0.4) in
the Distrito Federal to 2.5 (95%CI=2.5-2.6)
in Bahia and from 0.3 (95%CI1=0.3-0.4) in
the Distrito Federal to 1.8 (95%CI=1.8-1.9) in
Amapd and Maranhfo (AAPC=1.8; 95%CI=1.7-
1.9) (table 2). Upward mortality trends were ob-
served for all SDI quintiles, being the changes
more pronounced in the low-SDI quintile for
men and women (figure 1A, table 4).
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Table 2. Age-standardized mortality rate and Disability-Adjusted Life Years (DALYs) per 100,000 and Average Annual Percent Change (AAPC) by sex,
according to Federative unit and Brazil, 1990-2019

Mortality DALYs
Male Female Male Female
Years AAPC Years Years AAPC Years AAPC

Federative unit 1990 2019 (95%CI) 1990 2019 AAPC(95%CI) 1990 2019  (95%CI) 1990 2019 (95%CI)

Acre 231 405 19@1920) 219 317 1401315 5202 9229 20(192D 5127 7350 130214)
Alagoas 255 396 150516) 230 301 09(09510) 6174 9743 16(1516) 5499 7199 09(051.0)
Amapa 199 340 19(1820) 221 368 18(1.819) 4614 79M 19(1.819) 5197 8612 1.8 (1.71.9)
Amazonas 250 378 150406) 214 270 08(0809) 5946 8909 14(1415) 4953 6249 0.8(0.7,09)
Bahia 273 563 25(2526) 294 398 1001 6664 13567 25(2425) 7078 9529 10 (.01
Ceara 297 503 19(1820) 271 357 10(0510) 7176 118.84 18(1.719) 6407 8267 09(09,09)
Distrito Federal 778 850 03(02,04) 602 658 03(0304) 17018 18050 0.2(0.0,04) 13705 14051  0.1(0.0,0.D
Espirito Santo 370 619 180718 339 465 1130112) 8968 14194 150417) 8146 10647  09(09,10)
Goids 429 561 09(0910) 375 428 040405 10588 13212 07(0708) 8993 9775 0.3(0.3,0.3)
Maranhao 273 462 187619 191 317 18(1.719) 6566 10896 18(1.619) 4875 7530 15 (1.51.6)
Mato Grosso 257 379 150406) 266 347 09(0910) 6168 8981 140315 6273 7961 08(0.8,09)
Mato Grosso do Sul 338 500 15(416) 309 396 09(0909) 8159 M759 13(1.215) 7427 9037 07(0.7,0.8)
Minas Gerais 449 593 10(0910) 356 463 09(0909 M079 13736 0.7(06,08) 8577 10545 0.7(0.7,0.7)
Para 240 366 15(1516) 200 238 060607 5661 8618 150415 4679 5534 06(0506)
Paraiba 310 480 150416) 298 359 07(0607) 7560 1621 1504,15) 7079 8384 06(0.6,0.6)
Parana 373 587 160618 325 446 12(111.2) 9029 13517 14(13,15) 7597 101.29 10 (.01
Pernambuco 276 510 21023 277 395 13(1.214) 6756 12061 20(2022) 6639 97 11(1.0,1.2)
Piauf 269 376 12(1113) 236 290 07(0708) 6345 8970 12(1.21.3) 5541 6820 07(07,0.8)
Rio de Janeiro 466 616 100911 402 480 0600607 M620 14158 070608 9897 10780 0.3(0.20.3)
Rio Grande do Norte 324 517 16Q0517) 298 409 110011 7678  121.09 1501516) 7093 9494  10(1.01.0)
Rio Grande do Sul 434 620 12(1213) 344 439 09(0809) 10394 14133 110011 8196 9803 06(0.6,0.7)
Rondonia 3 412 110.012) 261 291 05(0306) 7129 9667 17130113 5819 6673 05(04,0.6)
Roraima 350 443 08(0809 317 432 12(312) 7989 10151 0.8(0.8,09) 7393 9689 10(0510)
Santa Catarina 420 585 12313) 364 449 070708 9845 13158  1.0(0910) 8444 10047 06(0.50.7)
Séo Paulo 502 655 09(0810) 412 520 080809 12193 14572 0.6(0507) 10012 11458 05(04,0.5)
Sergipe 260 395 1401415 290 342 06(0506) 6050 9471 150416) 6676 7919 0.6(0.50.6)
Tocantins 285 534 22(@2123) 192 255 09(0910) 6452 12261 23(2223) 4410 5953 1.0 (1.01D
Brazil 393 568 13(1.21.3) 342 438 09(0909) 9618 13118 11(111.2) 8238 99.22 0.6(0.6;0.7)

Source: GHDx™.
AAPC: Average Annual Percent Change; Cl: Confidence Interval; DALYs: Disability-Adjusted Life Years.

YLD, YLL and DALY Distrito Federal, which remained constant

over the years among women (tables 2 and 3).
DALY and its components - YLD and YLLhad YLD for men rose from 2.08/100.000 in 1990
ascending trends in Brazil and its federative  to 3.37/100.000 in 2019 (AAPC= 1.7; 95%CI=
units from 1990 to 2019, except YLL in the  1.7-1.8) in Brazil, whereas for women it varied
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from 1.99/100.000 in 1990 to 2.93/100.000
(AAPC=1.3; 95%CI= 1.3-1.4). Compared to
YLD, slighter upward trends were found for
YLL in men (AAPC= 1.1; 95%CI=1.0-1.1) and
women (AAPC= 0.6; 95%CI=0.6-0.6) (tables
2 and 3), corresponding to increased DALYs
for men (96.18/100,000 vs. 131.18/100.000;
AAPC= 1.1 95%CI=1.1-1.2) and for women
(82.38/100,000 vs. 99.22/100.000; AAPC= 0.6;
95%CI1=0.6-0.7) from 1990 to 2019 (tables 2
and 3). The number of DALYs (+40 years, both
sexes) was 27,736 in 1990 and 92,224 in 2019,

corresponding to 27,123 YLL and 613 YLD in
1990 and 89,714 YLL and 2,510 YLD in 2019.

The lowest DALYs for men in both periods
were found in Amap4, while the highest DALYs
were found in the Distrito Federal. Among
women, the lowest DALYs were observed in
Tocantins in 1990 and Para in 2019, and the
highest in the Distrito Federal in both years
(table 2). Ascending trends of DALYs, YLL,
and YLD were found for both sexes in all SDI
quintiles (figure 1B, table 4).

Table 3. Age-standardized Years Lived with Disability (YLDs) and Age-standardized Years of Life Lost (YLLs) per 100,000 and Average Annual Percent
Change (AAPC) by sex, according to Federative unit and Brazil, 1990-2019

YLD YLL
Male Female Male Female
Years AAPC Years AAPC Years AAPC Years AAPC

Federative unit 1990 2019  (95%Ch 1990 2019  (95%CDH 1990 2019  (95%CD) 1990 2019  (95%CD)

Acre 110 228  26(2528) 117 211 200921 5090 9001 200921 501 7140 130214
Alagoas 124 238  232223) 121 202 18718 6047 9504 16(516) 5379 6998 09(0509)
Amapd 107 204 23(@223) 129 246 22Q2123) 4507 7706 19(819) 5066 83.66 1.8 (1.719)
Amazonas 128 2.32 21(212.2) 118 185  160617) 5815 8677 140415 4834 6066 0.8(0.7,08)
Bahia 141 319 282729 162 266 17(0718) 6524 13248 252425 6913 9264  1.0(09510)
Ceard 157 296 23Q2224) 155 251 170717y 7019 11589 181719 6253 8015 09(0.8,09)
Distrito Federal 376 519 11(0913) 329 461 12Q113) 16645 17531 0.2(0.0,04) 133.76 135.87 0(-01,0D
Espirito Santo 204 3.61 2001921 198 307 150516) 8765 13834 15(1416) 7949 10340 09(051.0)
Goias 2.33 3.30 1130112 219 284 09(0910) 10355 12883 0.8(070.8) 8775 9490 03(0.2,0.3)
Maranhéo 130 259 242325 098 201 252427 6435 10640 170619) 4775 7327 1.5 (1.51.6)
Mato Grosso 134 2.37 200921n 150 239 160517 6034 8743 1401315 6123 7722 0.8(0.7,09)
Mato Grosso do Sul 1.81 2.88 16(0517) 182 255 12Q0113) 7978 M467  1301.214) 7246 8784 0.7(0.7,08)
Minas Gerais 2.35 353 140314 206 309 1401315 10844 13383 0.7(0.6,07) 8370 10237 0.7(0.7,0.7)
Para 1.21 218 212022) 109 158  13(1.213) 5541 8399 1501415 4569 5374 05(0506)
Paraiba 1.67 293 19019200 172 255 14(Q0314) 7395 MNM330 150415 6907 8129 0.6(0606)
Parand 198 340 1901819 184 290 160617) 8831 13176 14(1315 7411 9838 1.0 (1.0,1D
Pernambuco 140 290 26Q2527) 149 260 200921 6615 NM773 200922) 64.88 8912 11(1.01.2)
Piauf 141 2.30 170618 136 199 14(0314) 6204 8739 12Q01313) 5406 6621 0.7(0.7,0.8)
Rio de Janeiro 248 3.54 12(1.21.3) 232 309 100911 M371 13802 07(0608) 9664 10471 0.3(0.203)
Rio Grande do Norte 171 3.04 190920) 173 278 17Q0617) 7505 MNM806 150516) 6922 9217  10(09,10)
Rio Grande do Sul 2.35 377 1.6 (.51.7) 212 3.02 12Q113) 10159 13757 110011 7983 9501  0.6(050.7)
Rondénia 155 243 170619 136 198 130214) 6974 9424 11(11.2) 5680 6474 05(04;0.6)
Roraima 178 254 130.214) 176 270 150516) 7811 9897 0.8(0.809) 7218 94.21 1.0(0.51.0)
Santa Catarina 2.26 3.60 160517) 216 313 130314 9619 12798 10(0910) 8226 9732 06(050.6)
Séo Paulo 265 3.87 130214 249 350 120112 M927 14186 0.6(0507) 9764 1M1 04(04,05)
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Table 3. Age-standardized Years Lived with Disability (YLDs) and Age-standardized Years of Life Lost (YLLs) per 100,000 and Average Annual Percent
Change (AAPC) by sex, according to Federative unit and Brazil, 1990-2019

YLD YLL
Male Female Male Female
Years AAPC Years AAPC Years AAPC Years AAPC
Federative unit 1990 2019  (95%ClI) 1990 2019  (95%CI) 1990 2019  (95%CD) 1990 2019  (95%Cl)
Sergipe 130 2.36 21(0922) 155 228 13(@0314) 5918 9236 150416) 6523 7691 0.6(0.50.6)
Tocantins 146 304 262527 108 178 17(1618) 6304 1956 23(2223) 4302 5774 1.0 (1.0;1.0)
Brazil 2.08 3.37 17(1.71.8) 199 293 13(1314) 941 12782 11(1.0;11) 8037 96.27 0.6(0.6;0.6)

Source: GHDx™.
AAPC: Average Annual Percent Change; Cl: Confidence Interval; YLDs: Years Lived with Disability; YLLs: Years of Life Lost.

Table 4. Age-standardized of measures per 100,000 and Average Annual Percent Change (AAPC) by sex, according to
Socio-Demographic Index (SDI) quintiles, 1990-2019

Male Female
SDI quintiles 1990 2019 AAPC (95%IC) 1990 2019 AAPC (95%IC)
Incidence
Low 28 54 2.2(21,2.3) 23 4] 1909,2.2)
Low Middle 32 59 222122) 33 46 1.2011.3)
Middle 35 57 1.8(1.7,1.8) 32 45 1.2011.2)
High Middle 4.7 6.8 1301.214) 40 57 1.2(1.213)
High 52 76 1301.214) 4.6 6.2 1130.01D)
Prevalence
Low 52 1.9 29(2.8;3.0) 4.8 104 2.7(2.629)
Low Middle 61 127 262527 6.8 1.3 1.8(1.71.8)
Middle 6.5 127 232224) 6.7 1.3 1.8 (1.7,19)
High Middle 9.0 151 1.8(1.7,19) 85 14.5 19(1.8,1.9)
High 101 170 1.8 (1.8,1.9) 10.0 16.0 16 (1.61.7)
Mortality
Low 27 46 1.8 (1.8,2.0) 21 33 1.6 (1.51.8)
Low Middle 29 50 2001920 29 3.7 0.9 (0.8,09)
Middle 31 4.8 16 (1.51.6) 2.8 3.6 0.9 (0.8,09)
High Middle 4.2 56 11(11.2.0) 34 45 09 (09,1.0)
High 47 6.3 11(1,1.2.0) 39 49 0.8(0.8,0.8)
DALY
Low 63.5 109.7 19 (1.8,2.0) 513 781 15 (1.4,1.6)
Low Middle 69.9 195 19 (1.8;2.0) 68.3 86.7 0.8 (0.8,09)
Middle 754 N34 15(14,15) 66.6 821 0.8(0.7,0.8)
High Middle 1024 1309 0.8(0.8,09) 82.2 102.0 0.7 (0.7,0.8)
High N34 142.7 0.8(0.7,09) 941 109.2 0.5(0.505)
YLL
Low 62.2 107.0 19(1.8,2.0) 501 75.8 15 (1.4,1.6)
Low Middle 684 ne.7 19(1.8,2.0) 66.7 843 0.8(0.7,09)
Middle 738 110.5 14 (1.415) 65.0 79.7 0.7(0.7,0.8)
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Table 4. Age-standardized of measures per 100,000 and Average Annual Percent Change (AAPC) by sex, according to

Socio-Demographic Index (SDI) quintiles, 1990-2019

Male Female
SDI quintiles 1990 2019 AAPC (95%IC) 1990 2019 AAPC (95%IC)
High Middle 100.2 1275 0.8 (0.8,0.9) 80.2 99.0 0.7 (0.7,0.8)
High 110.9 139.0 0.8(0.7,09) 91.8 105.9 0.5(0.5,0.5)
Low 13 2.7 26(24;27) 11 23 242327
Low Middle 15 29 23(2223) 1.6 25 1501415)
Middle 1.6 28 19(1.9,20) 16 24 14(1.315)
High Middle 2.2 33 1504;15) 20 3.0 14 (1.4.1.4)
High 25 37 1504;1.6) 23 33 12(331.2)

Source: GHDx™.

AAPC: Average Annual Percent Change; Cl: Confidence Interval; DALYs: Disability-Adjusted Life Years; YLDs: Years Lived with Disability

(YLDs); YLLs: Years of Life Lost; SDI: Socio-Demographic Index.

Discussion

Morbidity, mortality, and the burden of MM
have been rising in Brazil between 1990 and
2019. In accordance with the epidemiology of
MM, the highest measures were registered for
male sex. Mortality increased, nevertheless, at
a slower pace than incidence, corresponding
to a higher rising trend of prevalence for both
sexes. YLL continues to be the main compo-
nent of DALY yet shows a smaller upward
trend than YLD. Overall, age-standardized
incidence, prevalence mortality, DALY, YLL,
and YLD were greater in federative units with
higher SDI, especially in those from high- and
high-middle quintiles, while the poorest places
showed the highest ascending trends for all
the measures from 1990 to 2019.

While we found a similar pattern of MM
epidemiology across the Brazilian States, we
also observed differences in the magnitude of
the measures of MM, which is probably related
to uneven access to healthcare services facili-
tating diagnosis and treatment, aging, popula-
tion growth, and quality of data, as indicated
by other investigations341°, Federative units
with incidences above that found for Brazil

SAUDE DEBATE | RIO DE JANEIRO, V. 48, N. 142, 8855, JUL-SET 2024

- Distrito Federal, Sdo Paulo, Rio de Janeiro,
Minas Gerais, Santa Catarina, Rio Grande do
Sul (for men), and Goias (for women), coincid-
ed with those having the highest proportions
of persons aged 65 years or older in 2010 and
20192627 and, in most cases, with the highest
level of development. Therefore, the under-
reporting of MM data due to poor access to
early diagnosis and treatment in low-income
areas in Brazil must be taken into account
when interpreting these results.

Increasing incidence trends can also be
explained by improvements in MM diagnosis
made over the period, despite the recognized
inequalities between public and private health
services concerning (timely) access to diag-
nosis and treatment?3, Socio-economic dis-
parities should have influenced MM detection
among federative units, considering that the
diagnosis of MM is quite complex and costly,
resulting in underestimation of the disease
especially in regions lacking infrastructure or
having other health needs3'. The detection
of MGUS and SMM, which usually precede
MM, and a complete diagnostic investigation
of MM would rarely been performed in fed-
erative units with low SDI. Thus, the increase



in the incidence of MM observed in Brazil
might not reflect a real rise in the disease,
but rather an improved access to diagnosis
and awareness of the disease. Another study'®
evaluated rising age-specific incidence rates,
an aging population, and population growth
as the main contributors to the increase in
MM incidence worldwide. Similarly, all these
factors should have influenced the ascending
incidence of MM in Brazil, and the contri-
bution of individual factors to new cases of
myeloma should be demonstrated in future
investigations.

The advances achieved in the treatment of
MM in Brazil in the late 1980s brought with
the ASCT and the use of thalidomide combined
with the drug regimens combinations from
the early 2000s, improved survival (decelerat-
ing mortality rate and YLL) and contributed
to the rising trends in prevalence rates and
YLD. Thalidomide has been made available
nationwide without cost in public and private
health care; however, the access to novel drug
therapies have been unequal compared to de-
veloped countries'®4, Other drugs such as
bortezomib, lenalidomide and monoclonal
antibodies, more recently approved in Brazil,
have been made accessible for only a small part
of patients, who are covered by private health
insurance, acquire medicine via judicialization
or participate in clinical trials?°.

Moreover, despite the increase of ASCT
rates for MM in Brazil (2009-2012)8, only
about 30% of patients met eligibility for the
procedure®3°. Since ASCT criteria require
healthier patients younger than 75 years'?,
patients from poorer regions with limited or
no access to timely diagnosis and treatment,
are unlikely to be candidates.

Downward trends in mortality have been
observed for countries with higher SDI4.
Mortality rates increased by 1.3% and 0.9%
per year for men and women, respectively,
whereas incidence increased by 1.5% for men
and 1.1% for women, suggesting some improve-
ment in MM treatment in Brazil between 1990
and 2019. This same pattern can be found by

Multiple myeloma in Brazil: an assessment of Global Burden Disease study 2019

comparing mortality and incidence according
to SDI quintiles. Another study carried out in
Brazil reported an ascending annual percent
change of 2.5% in age-adjusted (20+ years)
MM mortality for both sexes, from 1996 to
201539, In line with our findings, the authors
also observed higher ascending trends of
age-standardized mortality (> 20 years) in
the North, Northeast, and Midwest regions
compared to the Southwest and South regions
of Brazil3',

We recognize the limitations of our study
that was based on secondary data, which may
compromise the accuracy of MM measures.
Furthermore, considering the nature of the
study design, the assessment of known risk
factors that could have affected MM distri-
bution (e.g. black race, high BMI and genetic
factors24), was beyond the scope of this work.
Nevertheless, our study provided an overview
of the disease pattern at the population level
in Brazil and its federative units. Future re-
search should be performed to further assess
the MM epidemiology in Brazil in the face of
the demographic transition, the introduction
of bortezomib, incorporated into SUS just after
the study period, and emerging therapies, as
well as the effect of the COVID-19 pandemic.

Conclusions

This study provided the first description of
MM in Brazil and its 27 federative units from
1990 to 2019. Age-standardized (40+ years)
incidence, prevalence, mortality, DALY, YLL,
and YLD of MM showed increasing trends in
Brazil over the period. Ascending trends of
mortality were less pronounced than incidence
(aswell as YLL compared to YLD), approach-
ing the scenario of high-income countries. In
addition, federative units with higher levels
of development showed the highest measures;
however, poorer places had higher rising
trends. Morbidity, mortality, and disease
burden of MM were significantly higher in
men compared to women.
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