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D23X XAugusto Afonso Guerra Junior D24X Xa,b,1,*Q3 X X
a Faculty of Pharmacy, Federal University of Minas Gerais, Belo Horizonte, MG, Brazil
b Collaborating Centre for Technology Assessment in Health and Excellence (CCATES), Federal University of Minas Gerais,

Belo Horizonte, Brazil
c Research and Development Directorate of the Ezequiel Dias Foundation, Minas Gerais, Belo Horizonte, MG, Brazil
dHealth Consultant specialized in OncologyQ4 X X
eHematology and Hemotherapy Center, University of Campinas, Sao Paulo, Brazil
fDepartment of Preventive and Social Medicine at the Federal University of Minas Gerais, Belo Horizonte, MG, Brazil

A R T I C L E I N F O

Article history:

Received 5 August 2024

Accepted 2 July 2025

Available online xxx

A B S T R A C T

Multiple myeloma constitutes approximately 1% of all malignancies, with a higher inci-

dence observed in over 65-year-old individuals. New technologies have shown promising

results with an increased overall survival. The objective of this cohort study was to evaluate

the survival analysis of patients with multiple myeloma treated by the Brazilian Unified

Health Service over 16 years and compare the effectiveness of bortezomib (Bortezomib)-

based treatment with other regimens used. A retrospective national cohort study was con-

ducted utilizing real-world evidence derived from the Brazilian Unified Health System big

data. This study focused on 25,370 patients with multiple myeloma who underwent che-

motherapy between 2000 and 2015. Of these patients, 50.71 % were male, and the median

age was 62 years. The median overall survival was 37 months. Hematopoietic stem cell

transplantation (HSCT) was the best prognostic factor with overall survival of 87 months.

The bortezomib (Bortezomib)-based chemotherapy provided the best results of the differ-

ent chemotherapy regimens in terms of overall survival (67 months), followed by thalido-

mide-based schemes with an overall survival of 54 months. Despite the significant

progress made in the Brazilian health system, the National Committee for Technology

Incorporation (CONITEC) needs to make quicker decisions to improve access to new oncol-

ogy drugs for patients, while maintaining rigorous evaluation criteria. Earlier adoption and
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adequate funding for oncology services could have saved more lives compared to the treat-

ments made available by the Unified Health Service at that time.

� 2025 Associação Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published by

Elsevier España, S.L.U. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1 Introduction

2 Multiple Myeloma (MM) is a hematological disease character-

3 ized by themultiplication ofmalignant plasma cells in the bone

4 marrow.As the secondmost commonmalignant hematological

5 disease after lymphoma, MM represents approximately 10% of

6 such cases and accounts for 1% of all types of cancer [1,2].

7 Demographically, MM predominantly affects elderly indi-

8 viduals, with a mean age at diagnosis of 66 years, and a

9 majority of patients (56%) being male [3]. The actual inci-

10 dence of MM in Brazil is unknown according to information

11 available in reports of the National Cancer Institute [4,5]. Data

12 provided by the Institute for Health Metrics and Evaluation

13 show that 1.83 deaths per 100,000 inhabitants occurred in Bra-

14 zil in 2019 due to MM, whereas data from the United States

15 report 5.47 deaths per 100,000 inhabitants [6].

16 The diagnosis ofMM is characterized by bonemarrow clonal

17 plasma cells ≥10% or bone or extramedullary plasmacytoma

18 proven by biopsy, in addition to one or more of the following:

19 evidence of target organ damage that may be attributed to an

20 underlying plasma cell proliferative disorder, specifically: [C]

21 Hypercalcemia: serum calcium >11mg/dL or >1mg/dL above

22 the upper limit of normal; [R] Renal failure: creatinine clearance

23 <40mL in one minute or serum creatinine >177mmol/L

24 (>2mg/dL); [A] Anemia: hemoglobin value <10 g/dL or 2 g/dL

25 below the lower limit of normal; [B] Bone lesions: one or more

26 osteolytic lesions on skeletal radiography, computed tomogra-

27 phy (CT) or Positron emission tomography−computed tomog-

28 raphy (PET-CT). And one ormore of the following biomarkers of

29 malignancy: percentage of plasma cells in the bone marrow

30 biopsy ≥60%; Ratio of Serum Free Light Chains ≥100; >1 focal

31 lesion inmagnetic resonance studies [5,7].

32 The treatment of symptomatic MM is with drugs, such as

33 chemotherapeutics, immunomodulatory agents, proteasome

34 inhibitors, monoclonal antibodies, and more recently, bispe-

35 cific antibodies and advanced cell therapy combined or not

36 with radiotherapy. HSCT is an important therapeutic option

37 and may be performed in eligible patients. The goal of treat-

38 ment is to reach an objective overall response rate (symptom

39 and biochemical control), since it is an incurable disease.

40 Patients experience multiple recurrences until becoming

41 refractory to the treatment [8], leading to death.

42 In the Brazilian Unified Health System (SUS), the available

43 drugs (bortezomib, cyclophosphamide, cisplatin, dexametha-

44 sone, doxorubicin, liposomal doxorubicin, etoposide, melpha-

45 lan, vincristine and thalidomide) may be used in different

46 combinations [9−11].

47 Limited research has been published regarding MM in Bra-

48 zil, a nation comprising approximately 210 million inhabi-

49 tants. Most of the reports cover single institution experiences

50 or small numbers of patients compared to this nationwide

51 sixteen years cohort [12,13]. The purpose of this study is to

52perform a broad evaluation and description of the epidemio-

53logical profile, access to treatments and the main clinical out-

54come of the MM patients treated by SUS.

55Methods

56Study design and setting

57This study employed a nationwide, non-concurrent, open

58cohort design, with patient follow-ups conducted from 2000

59to 2015. Data were developed through deterministic-probabi-

60listic linkage of the patient-centered registry within the Hos-

61pital Information System, Ambulatory Information System

62and Mortality Information System [14]. The Hospital Informa-

63tion System contains data on hospitalization from both public

64and private hospitals contracted by SUS. The High-Complex-

65ity Procedure Authorization subsystem of the Ambulatory

66Information System database contains all information about

67chemotherapy including records about the medical diagnoses

68for which treatment was prescribed using the International

69Classification of Diseases, Tenth Revision (ICD-10) codes.

70The chemotherapy dispensations recorded in the database

71were decoded, listed, and cleaned to extract information

72regarding the protocols utilized. Treatment effectiveness was

73assessed by comparing outcomes of patients exposed to bor-

74tezomib-based regimens compared to those treated with

75other chemotherapeutic regimens.

76Patients were categorized into therapeutic groups based

77on exposure to specific agents at any time during their treat-

78ment, regardless of treatment line. For instance, the ‘bortezo-

79mib-based’ group comprised all patients who received

80bortezomib at any point during the study period. This inclu-

81sive approach aimed to evaluate the overall impact of drug

82exposure across the disease trajectory.

83The study entry period was between January 2000 to

84December 2014, and patients were followed up from January

852000 to December 2015 (16 years). This strategy assured a

86minimum follow-up of 12 months. The inclusion criteria for

87this study were as follows: patients who received one or more

88treatments for MM (ICD C90.0), individuals over 18 years of

89age, and those initially treated between 01/01/2000 and 31/12/

902014. Patients were censored if they abandoned or interrupted

91their treatment or at the end of follow-up (right censoring).

92Treatment failure events were characterized by death

93(Figure 1).

94Ethical aspects

95The use of the National Database was evaluated and

96approved by the Research Ethics Committee of Federal Uni-

97versity of Minas Gerais (CAAE - 16334413.9.0000.5149).
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98 Statistical analysis

99 The frequency distribution was analyzed for categorical varia-

100 bles. Measures of central tendency and variability were deter-

101 mined for numerical and quantitative variables

102 (sociodemographic and clinical characteristics). Among other

103 available variables, the chemotherapy regimen was used to

104 stratify survival based on drug treatment.

105 The baseline was used as the first event (first chemother-

106 apy or hospitalization for chemotherapy) to calculate the

107 overall survival (OS). The Kaplan-Meier technique was used

108 to determine the cumulative probability of survival of

109 patients included in the study and according to the explana-

110 tory variables of the study. The Log-Rank test was used for

111 subgroup analyses and test the hypothesis of equality

112 between survival curves.

113 The proportional hazards model − Cox Model − was used

114 to calculate hazard ratios (HR) and 95% confidence intervals

115 (95 % CI) of covariables that were statistically significant (p-

116 value <0.05) in the Log-Rank test. The software “R” version

117 4.1.3, of R Foundation for Statistical Computing, Microsoft

118 Excel� business 2019 was used for statistical analysis.

119 Results

120 The characteristics of the cohort are shown in Table 1. The

121 final cohort consisted of 25,370 patients with 50.71% being

122 males. The median age was 62 years, with 70% of patients

123 over 56 years of age (Table 1). The distribution according to

124region identified a higher concentration of patients in the

125southeastern region (49.9 %), followed by the northeast and

126the south of the country (21.7 % and 19.3 %, respectively)

127(Table 1). The OS of the total study population was 37 months

128(95 % CI: 36−38 months) (Figure 2).

129The assessment by sex found an OS of 40 months (95% CI:

13039−42 months) for women versus 36 months (95% CI: 34−37

131months) for men (Figure 3).

132Table 2 presents the relative risk estimates (HRs) and cor-

133responding 95% CIs for the main sociodemographic and clini-

134cal characteristics analyzed in the cohort based on a

135multivariable Cox proportional hazards model. This table

136allows for the identification of groups with higher or lower

137risk of death within the cohort, contributing to the under-

138standing of disparities in survival outcomes. In the univariate

139analysis, male sex was associated with an increased risk of

140death (HR: 1.12; 95% CI: 1.08−1.16).

141Over 65-year-old patients had an OS of 29 months versus

14244 months for the other age groups (Figure 4).

143The risk of death for patients from the south of Brazil was

144the highest in the country (HR: 1.11; 95% CI: 1.03−1.20) and

145the lowest risk of death was identified in patients from the

146northeastern region (HR: 0.84; 95% CI: 0.78−0.91). The relative

147risks of the main characteristics evaluated in the study are

148shown in Table 2.

149Although bortezomib had not been formally incorporated

150into the SUS at the time of the study, patients receiving thera-

151peutic regimens containing bortezomib were nevertheless

152identified (n = 445 patients). In terms of OS, bortezomib-based

153chemotherapy showed the best results, achieving a median

Figure 1 –Cohort selection flow.
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154 time of 67 months (95% CI: 55-NA]). This corresponds to a

155 Hazard Ratio of 0.60 (95% CI: 0.50−0.73), indicating a signifi-

156 cantly reduced hazard of death compared to other treatment

157 regimens (Figure 5).

158 The secondmost common scheme was thalidomide-based

159 with a median OS of 54 months (95% CI: 50−62) and HR

160 1.30 times better when compared to all other options (HR:

161 0.77; 95% CI 0.72−0.82) (Figure 6).

162The comparison of the OS for all the therapeutic regimens

163is shown in Figure 7.

164In this study, 2726 patients were identified as having

165undergone HSCT. This subgroup achieved a median survival

166time of 87 months (95% CI: 81−95), and HR 1.51 times better

167(HR: 0.36; 95% CI: 0.34−0.39) versus 33 months (95% CI: 32−34)

168for patients who did not undergo HSCT (Figure 8).

169Discussions

170MM is an onco-hematological neoplasm with a low incidence.

171The median age at start of treatment in this study was

17262 years, which is consistent with the Brazilian literature. In a

173study conducted in Reginal Hospital in Mato Grosso do Sul of

174patients treated from January 2013 to December 2017, the

175median age of patients was 63 years, corroborating the find-

176ings of this study15. The same median (63 years; range: 37−82

177years) was found in a study conducted by Silva et al. 16 in Clin-

178ical Hospital of Minas Gerais. The variation found in this

179cohort was 18 to 98 years, with 70% of patients being over

18056 years old. The median age in the present study is compara-

181ble to the 60.5 years reported by Hungria et al. [5]. Given that

182SUS provides care for most of the population [17], with no sig-

183nificant access restrictions compared to the private health-

184care system, our results are likely representative of the

185overall national profile of MM patients.

186The age of patients at the beginning of treatment for MM is

187lower in Brazil than in other countries. In a study using data

188from the French health care system, the median age was

18974 years (range: 63−81 years). In the United States, the median

190age at diagnosis was 69 years, with 60% of patients over 65

191[18]. In that report, there was no significant difference in inci-

192dence between sexes, but mortality was higher in men (HR:

1931.12; 95% CI: 1.08−1.16) [18]. In the United States, the inci-

194dence of MMwas 1.5 times higher in men (2.1/100,000) than in

195women (1.4/100,000) and the mortality in 2018 was 59,000

196deaths in men versus 47,000 in women, in the same period.

197The life expectancy in Brazil in 2010 was assessed at

19873.9 years, which can be considered lower than countries

199such as the USA, which had an approximate life expectancy

200of 80 years in 2010 [19,20]. Regarding the epidemiological pro-

201file of MM, the age at diagnosis found in this cohort is also

202lower when compared to patients in the USA (66−70 years),

203with 37% of patients being younger than 65 years, as reported

204by Kazandjian [21].

205The OS found in the current cohort reached a median time

206around three years (37 months), a result consistent with the

207literature, considering the same period [21]. Different factors

208affect the OS of MM patients in Brazil. Notably are the lack of

209access to or availability of newer medicines throughout the

210country and the low rates of autologous HSCT despite financ-

211ing by SUS. The low rates of HSCT can be attributed to a com-

212bination of factors, including insufficient specialized medical

213centers, geographic disparities in healthcare access, long

214waiting times, and socioeconomic barriers that limit patient

215access to the treatment. The current study observed that

216transplant-eligible patients exhibited a longer OS when com-

217pared to their non-transplanted counterparts, aligning with

218findings from other published studies [22,23].

Table 1 – Characteristics of the patients included in the
cohort.

Variable n = 25,370

Sex − n (%)

Female 12,505 (49)

Male 12,865 (51)

Age at baseline - Median (IQR) 62 (54 to 71)

Age range at baseline - n (%)

>65 years 10,122 (40)

18 - 25 years 103 (0.4)

26 - 35 years 408 (1.6)

36 - 45 years 1850 (7.3)

46 - 55 years 5089 (20)

56 - 65 years 7798 (31)

Self-declared skin color - n (%)

Asian 258 (1)

White 8032 (32)

Indigenous 3 (<0.1)

Unknown 12,299 (48)

Brown 3879 (15)

Black 899 (3.5)

Residence region at baseline - n (%)

Central-West 1703 (6.7)

North 635 (2.5)

Northeast 5596 (22)

South 4394 (17)

Southeast 13,042 (51)

ICD10 Description at baseline - n (%)

Extramedullary plasmacytoma 604 (2.4)

Gammopathy 480 (1.9)

Multiple myeloma 23,833 (94)

Multiple myeloma andmalignant plasma

cell neoplasms

71 (0.3)

Plasma cell leukemia 382 (1.5)

Cohort entry period - n (%)

2000 - 2003 6185 (24)

2004 - 2007 5306 (21)

2008 - 2011 7293 (29)

2012 - 2015 6586 (26)

Medication at baseline - n (%)

bortezomib (Bortezomib) Based 445 (1.8)

Thalidomide Based 2633 (10)

Others 22,292 (88)

Hematopoietic stem cell transplantation - n

(%)

No 22,644 (89)

Yes 2726 (11)

Comorbidity Charlson Index at baseline -

Median (IQR)

2.00 (2.00 to 3.00)

Frailty Index at baseline - Median (IQR) 0 (0 to 11)

Mean time of illness before baseline -

Median (IQR)

0 (�1 to 0)

Mean time in the cohort - Median (IQR) 18 (6 to 40)

Event type - n (%)

Censure 12,328 (49)

Death 13,042 (51)
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219 Eligibility to HSCT is the best prognostic factor in MM; data

220 obtained in this study are compatible to data from the Inter-

221 national Myeloma Working Group in five countries in Latin

222 America, where OS of HSCT-eligible patients was 73.6 months

223 versus 43.0 months for ineligible patients [24].

224 According to Moore et al. [25] the incidence of MM is on the

225 rise in Nordic countries and other Western nations. Despite

226 this demographic change, the inclusion of individuals from

227 the older age group in clinical trials can be a challenge as evi-

228 denced in studies such as VISTA [26], FIRST [27], ALCYONE

229 [28] and MAIA [29]. Over 65-year-old patients often present

230 clinical conditions that hinder their participation in clinical

231 trials, particularly due to frailty and the complexities involved

232 in testing new therapies. In this context, real world evidence

233 becomes relevant, as it reflects outcomes in the actual MM

234 population, taking into account the age, sex, and other factors

235 [25].

236 The improvement in OS following the incorporation of

237 novel agents has been well described in the literature. In this

238study, an OS of 54 months was observed among patients who

239received thalidomide in the therapeutic regimen. Two studies

240evaluated the regimen of melphalan and prednisone with or

241without thalidomide in previously untreated patients and

242elderly patients. The study by Hulin et al. [30] in over 75-year-

243old patients with early MM, reported an OS of 45.3 months

244versus 27.7 months. The study conducted by Facon et al. [31]

245of over 65-year-old patients showed an OS of 51.6 months ver-

246sus 33.2 months in the group without thalidomide. These

247studies reinforce the finding of the benefits of associating tha-

248lidomide to the therapeutic regimen and the difference in OS

249regarding age at diagnosis [30,31].

250Thalidomide was market approved in Brazil for MM treat-

251ment in 2000 and was integrated into the SUS during the

252study period [32]. The low percentage of patients using this

253drug may be due to the need for patient monitoring and guid-

254ance, particularly in a vast country like Brazil, where access to

255Thalidomide and HSCT is more limited outside major urban

256centers.

Figure 2 –Overall survival.

Figure 3 –Overall survival by sex.
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257 In a study conducted by Hungria et al. in five Latin Ameri-

258 can countries, HSCT was performed in 58.6% of the patients

259 for whom it was initially planned, and in only 26.9 % of the

260 total patient population [24]. Despite the observed benefits in

261 treatments involving thalidomide or HSCT, and their avail-

262 ability in the SUS, physicians and medical institutions have

263 the possibility to choose which treatments to prescribe for

264 MM patients. The guideline that enumerates the available

265 procedures is not obligatory, leading to variations in therapy

266 access based on the clinical judgment of the medical team.

267The median OS for patients using bortezomib was 67

268months versus 37 months in the total study population. In

269the Phase 3 ENDEAVOR study of relapsed or refractory over

27018-year-old patients using bortezomib and dexamethasone

271(Vd), the OS was 40 months [33]. In the VISTA study, previ-

272ously untreated patients using an association of bortezomib,

273melphalan and prednisone (VMP), OS was 56.4 months over a

274five-year follow-up [34], supporting what has already been

275discussed regarding the increased OS related to the early use

276of technology.

Table 2 – Estimated risk rate according to the COX proportional analysis model for the total cohort (n = 25,370; deaths:
13,042).

Characteristic HR 95% CI p-value

Sex

Female — —

Male 1.09 1.05−1.13 <0.001

Age at baseline 1.02 1.02−1.02 <0.001

Age range at baseline

>65 years — —

18−25 years 0.47 0.34−0.66 <0.001

26−35 years 0.50 0.43−0.59 <0.001

36−45 years 0.48 0.44−0.52 <0.001

46−55 years 0.66 0.63−0.70 <0.001

56−65 years 0.76 0.73−0.79 <0.001

Self-declared skin color

Asian — —

White 1.36 1.09−1.70 0.007

Indigenous 2.38 0.58−9.67 0.23

Unknown 2.26 1.81−2.83 <0.001

Brown 1.23 0.98−1.54 0.080

Black 1.15 0.90−1.47 0.25

Residence region at baseline

Central-West — —

North 0.94 0.82−1.08 0.38

Northeast 0.86 0.80−0.93 <0.001

South 1.12 1.04−1.21 0.003

Southeast 0.93 0.87−1.00 0.052

ICD 10 Description at baseline

Extramedullary plasmacytoma — —

Gammopathy 1.14 0.95−1.35 0.15

Multiple myeloma 1.25 1.12−1.41 <0.001

Multiple myeloma andmalig-

nant plasma cell neoplasms

1.26 0.92−1.72 0.15

Plasma cell leukemia 1.49 1.25−1.79 <0.001

Cohort entry period

2000 - 2003 — —

2004 - 2007 1.22 1.16−1.28 <0.001

2008 - 2011 0.99 0.94−1.03 0.53

2012 - 2015 0.85 0.81−0.90 <0.001

Medication at baseline

Bortezomib Based* — —

Thalidomide Based 1.31 1.07−1.60 0.009

Others 1.71 1.41−2.06 <0.001

HSCT

No — —

Yes 0.36 0.34−0.39 <0.001

Comorbidity Charlson at baseline 1.06 1.05−1.07 <0.001

Frailty Index at baseline 1.00 1.00−1.00 <0.001

Mean time of illness before

baseline

1.00 1.00−1.01 <0.001

Mean time in the cohort 0.95 0.95−0.95 <0.001
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Figure 4 –Overall survival by age.

Figure 5 –Overall survival comparing bortezomib-based chemotherapy with other regimens.

Figure 6 –Overall survival for thalidomide-based chemotherapy.
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277 A key methodological consideration is that patients were

278 classified according to exposure to specific therapeutic agents

279 at any point during the treatment course, rather than being

280 limited to first-line therapy. This methodological choice

281 aimed to assess the overall impact of drug exposure on

282 patient survival across the entire disease trajectory. Although

283 this approach does not allow for the isolation of the effects of

284 bortezomib when used exclusively as first-line treatment, it

285 better reflects the real-world complexity of therapeutic regi-

286 mens and captures the cumulative benefit associated with

287 access to effective agents. The improved OS observed among

288 bortezomib-exposed patients may partially reflect treatment

289 selection bias and the advantage of longer survival allowing

290 access to subsequent lines of therapy. However, the findings

291 suggest that bortezomib exposure, regardless of treatment

292line, is associated with favorable survival outcomes. Future

293studies designed to evaluate line-specific treatment effects

294are warranted to further elucidate the role of bortezomib in

295different therapeutic stages.

296The Brazilian National Committee for Technology Incorpo-

297ration (CONITEC) carefully carries out and deliberates on the

298continuous assessment of new technologies, costs, and

299equity in access to healthcare. This process considers several

300factors, such as effectiveness, safety, cost-effectiveness, and

301epidemiological needs. However, Bortezomib was only for-

302mally incorporated by the CONITEC into the SUS in 2020

303thereby explaining the low number of patients treated with

304this drug in this cohort [9,10].

305However, prior to this formal incorporation some factors

306such as approval for market entry by the national regulatory

Figure 7 –Overall survival by therapeutic regimen.

Figure 8 –Overall survival after hematopoietic stem cell transplantation.
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307 agency (National Health Surveillance Agency - ANVISA) with

308 its scientific evidence of efficacy, encouraged its use by physi-

309 cians. Another reason is the model of finance of the oncology

310 service providers in Brazil where certain flexibility is allowed

311 for when prescribing chemotherapy. SUS makes a fixed pay-

312 ment for patient treatment and oncology services providers

313 are free to choose among therapeutic options between

314 approved medicines. Despite the significant progress made

315 by SUS in expanding access to a broad range of therapeutic

316 options, there is still a need for more timely decisions by

317 CONITEC [35] regarding the incorporation of new oncology

318 drugs. Accelerating this process, while maintaining rigorous

319 evaluation criteria, could improve access and reduce delays

320 in the availability of innovative treatments. Litigation about

321 oncology treatments is a major issue in Latin America, espe-

322 cially in Brazil and a faster assessment would reduce the con-

323 flict. In the case of Bortezomib, an earlier incorporation into

324 SUS, coupled with adequate funding for oncology services,

325 could have potentially saved lives, given the observed impact

326 on OS in the current study compared to the treatments avail-

327 able at that time within SUS.
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