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Abstract

:

Simple Summary


The outcomes of patients with multiple myeloma have significantly improved over the years, following autologous stem cell transplant and the introduction of novel agents. In this study, we performed a retrospective survival analysis on newly diagnosed MM patients receiving ASCT from 1992–2016 at the Ohio State University. We observed that newly diagnosed MM patients’ survival and responses to standard of care treatment have improved dramatically since 1992, primarily due to the inclusion of novel and maintenance therapies. There was an improvement in patient remission status, PFS, and OS, suggesting that evolving standards of therapy for MM are enhancing patient outcomes. These findings highlight the importance for newer interventions to build on prior successes.




Abstract


Multiple myeloma (MM) represents 1.8% of all new cancer cases in the U.S. While not curable, advances in treatment, including autologous stem cell transplant (ASCT) and maintenance therapy, have dramatically improved progression-free survival (PFS) and overall survival (OS). We performed a retrospective survival analysis on newly diagnosed MM (NDMM) patients receiving ASCT from 1992–2016 at the Ohio State University. A total of 1001 consecutive NDMM patients were eligible. Patients were split into five groups based on historic changes in novel agents for the treatment of MM. Across the years (1992–2016), there was a statistically significant improvement in both PFS (p < 0.01) and OS (p < 0.01). Significant improvements in both PFS and OS were seen in patients ≤65 years (p < 0.001 and p = 0.002) and >65 years old (p < 0.001 and p = 0.001), respectively. Improved PFS and OS were seen in both standard-risk (p < 0.001 and p < 0.001) and high-risk patients (p < 0.001 and p = 0.019). The post-transplant response showed statistically significant improvement across the years (p < 0.01). Survival rates for NDMM patients have significantly improved primarily due to the inclusion of novel therapies and post-ASCT maintenance.
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1. Introduction


The outcomes of patients with multiple myeloma (MM) have significantly improved over the years, following autologous stem cell transplant (ASCT) and the introduction of novel agents [1,2]. The median survival of patients with myeloma was less than one year in the 1960s before the introduction of melphalan and other alkylators [1]. The introduction of combination therapy including steroids in the 1980s improved the overall survival to three years, which has since increased three-fold [3].



In the 1980s, ASCT was part of a high-dose chemotherapy for multiple myeloma. In a landmark clinical trial (IFM trial) published in 1996, high-dose chemotherapy with ASCT resulted in higher rates of complete remission (22% vs. 5%), a higher overall response (81% vs. 57%), and a higher survival rate at five years (52% vs. 12%; p = 0.03) compared to conventional chemotherapy [4]. This trial established high-dose chemotherapy with ASCT using melphalan as a standard of care in MM treatment for transplant-eligible patients [5]. Although the IFM trial included patients younger than 65 years of age, multiple studies have since been published demonstrating the efficacy and safety of transplants in older patient populations [6,7], and age alone is not a cutoff for transplant eligibility in ASCT guidelines [5].



The goal of induction therapy before ASCT is to achieve quick cytoreduction, reverse end organ damage, and improve performance status [8,9]. The induction therapies have evolved over the years [10]. In the 1990s, the induction treatment was based on conventional chemotherapy, with vincristine, adriamycin, and dexamethasone (VAD) being the most common regimen. Thalidomide was introduced in 1999, bortezomib in 2003, and lenalidomide in 2005 [1]. The post-induction, pre-transplant rate of complete response (CR) improved from less than 10% with VAD to 10–20% with thalidomide-based induction, to 30% in the mid-2000s with the combination of an immune modulator (lenalidomide or thalidomide) and proteasome inhibitor (bortezomib) [11,12,13,14,15,16,17,18]. During the same period, comparison of a three-drug regimen (a PI, an IMiD, and steroids) showed increased depth of response and improvement in PFS and OS compared to two-drug regimens [19,20]. In the landmark SWOG 0777 trial, the combination of three-drug VRD versus two-drug RD led to improved PFS (43 months vs. 30 months, HR 0.7, and p = 0.018) and overall survival (75 months vs. 64 months, HR 0.71, and p = 0.025) [21]. Sixty-nine percent of patients in the entire cohort were transplant eligible. ASCT has held its place in the era of novel agents, based on the IFM-09 trial that used a three-drug—lenalidomide, bortezomib, and dexamethasone (VRD)—based induction followed by stem cell transplant or VRD therapy alone. Both groups received lenalidomide-based maintenance for one year. The VRD-based induction achieved complete responses in 48% of patients, which increased to 59% after ASCT [22]. The median progression-free survival (PFS) was longer in the transplant group (50 months vs. 36 months, HR 0.65, and p < 0.001). Overall survival (OS) was similar between the two groups [22]. Similar trends were seen in a meta-analysis performed by Dhakal et al. on the newly diagnosed MM (NDMM) patients who received ASCT versus no transplant between 2000–2017. The combined hazard ratio (HR) for PFS was 0.55 (95% CI 0.41–0.76; p < 0.001), while the combined HR for OS was 0.76 (0.42–1.36; p = 0.2). The meta-regression showed a longer follow-up was necessary for a demonstration of benefit of OS [23]. In another study by McCarthy et al., the three-year PFS and OS were 66% and 88%, respectively, for the NDMM patients treated between 2005–2009 with induction therapy using novel drugs, followed by ASCT and maintenance lenalidomide [24]. This study was a meta-analysis of three randomized controlled trials, where NDMM patients received lenalidomide maintenance post-transplantation versus a placebo. The median PFS was 52.8 months for the lenalidomide group and 23.5 months for the placebo group. The median OS was not reached in the lenalidomide group versus 86 months for the placebo group. Newer therapies, including monoclonal antibodies, continue to deepen remission [25]. Additionally, the utility of maintenance therapy post-ASCT has improved post-transplant outcomes [24]. We sought to analyze the survival outcomes over the years of NDMM patients treated with ASCT at the Ohio State University Wexner Medical Center from 1992–2016.




2. Patients and Methods


The study included a retrospective chart analysis of 1001 consecutive NDMM patients undergoing their first ASCT during the period between 1992 and 2016 at the Ohio State University. All patients had consented to the use of their medical records, and the study was conducted in accordance with the institutional guidelines with approval of the institutional review board.



Patients were split into five groups based on historic changes in novel agents for the treatment of MM: 1992–1998 (VAD-based induction: group 1), 1999–2002 (thalidomide-based induction: group 2), 2003–2008 (bortezomib- or lenalidomide-based two-drug induction: group 3), 2009–2013 (three-drug induction with VRD; newer medications for relapse, such as carfilzomib and pomalidomide; inconsistent maintenance use: group 4), and 2014–2016 (consistent post-transplant maintenance; newer agents used for relapsed MM, including a daratumumab and Elotuzumab combination: group 5). Fluorescent in situ hybridization (FISH) results were obtained at diagnosis. Patients were considered to have high-risk FISH if any of the following were noted: del17, t(4:14), t(14:16), hypodiploid, and/or 1q abnormalities. Patients with any other abnormalities or a normal FISH were considered to have standard risk.




3. Statistical Analysis


Patient characteristics were summarized using descriptive statistics, such as medians and ranges, frequencies, and percentages, and compared among five patient groups using the Mann–Whitney U test for continuous variables and chi-squared or Fisher’s exact test for categorical variables. The primary endpoints were PFS and OS. PFS was defined as time to progressive disease or death from any cause from the date of transplantation, whichever occurred earlier, censoring those who had not relapsed or died at the last follow-up. OS was defined as time from transplantation to death from any cause, censoring those who were still alive at the last follow-up. Kaplan–Meier curves were used to estimate the PFS and OS rates, and the log-rank tests were conducted for the comparisons on equality of OS or PFS functions between subgroups of patients. Univariable Cox proportional hazard models were conducted to estimate the associations between transplant years, patient characteristics, and PFS, as well as OS, and a multivariable cox proportional hazard model was built including significant factors from the univariable analysis to estimate the independent effect of transplant years on PFS and OS. A p-value of <0.05 was considered statistically significant. Analyses were performed using Stata 16 (College Station, TX, USA), ver 16




4. Results


4.1. Patient Characteristics


The median age of all patients at ASCT was 58 years (range: 18–81 years), and 58.4% were male. The median patient age at transplant increased significantly, from 54 to 60 years, from 1992 to 2016 (p < 0.001). This was due to older patients getting transplanted, as evident by the increase in patients above 65 years of age from zero to 25.1% in group 1 and group 5, respectively. Caucasians represented 84.9% of patients, and 14.1% were of African descent. Most patients (53.6%) had IgG myeloma, and 19.4% had light chain disease. Of the patients with FISH data, 30% of patients had high-risk disease. An amount of 200 mg/m2 melphalan was used in 80.2% of patients as a conditioning regimen. The incidence of CR or VGPR prior to ASCT increased from 5.3% in group 1 to 54.0% in group 5. Other baseline clinical characteristics are provided in Table 1.




4.2. Survival Outcomes


Across the years (1992–2016), there was a statistically significant improvement in both PFS (p < 0.01) and OS (p < 0.01). The median PFS and OS of all patients was 1.3 and 2.0 years in group 1 (1992—1998); 1.2 and 3.2 years in group 2 (1999—2002); and 2.1 and 5.8 years in group 3 (2003—2008). This response was further improved with a PFS and OS of 4.3 years and not reached (NR), respectively, in group 4 (2009–2013), and 3.8 years and NR, respectively, in group 5 (2014—2016) (Figure 1). The 5-year PFS of groups 1 through 5 was 16%, 10%, 21%, 46%, and 40%, respectively. The 5-year OS of groups 1 through 5 was 26%, 37%, 55%, 69%, and 71%, respectively.



Notably, for both groups 4 and 5, the median OS was not reached (NR). The median PFS was about 4 years for these groups. Group 3 was the most recent to reach a median OS, which was 5.8 years (95% CI 4.8–6.5 years). From the time of diagnosis, both PFS (p < 0.001) and OS (p < 0.001) significantly improved over the years.



We then examined the effect of age on survival. On subset analysis, across the years, significant increases in PFS (p < 0.001) and OS (p < 0.001) were seen in patients ≤ 65 years of age (Figure 2A,B), as well as in patients > 65 years old; (p < 0.001) and (p = 0.002), respectively (Figure 2C,D). We also examined the trend along the years when stratified according to standard versus high risk. For both standard- and high-risk disease, there was a significant improvement in PFS (p < 0.001 and p < 0.001) and OS (p = 0.02 and p < 0.001) (Figure 2E–H) over the years. Standard-risk patients continued to do better than high-risk patients with superior PFS (p < 0.01) and OS (p < 0.01) (Figure 3A,B).



Furthermore, the rate of response both pre- and post-transplant showed statistically significant improvement across the years (p < 0.01). The post-transplant response (VGPR or better) also increased from 28.9% in group 1 to 76.3% in group 5 (Table 1). Multivariable analysis showed that transplant year, pre-transplant remission status, International Staging System (ISS), and high- versus standard-risk cytogenetics have significant contributions to the risk of relapse or death (Table 2 and Table 3). Patients who received transplant between 2009–2013 and between 2014–2016 had a significantly lower risk for relapse or death, HR 0.49 (95% CI 0.38–0.62), and 0.53 (95% CI 0.40–0.69).





5. Discussion


Advancement in the treatment of MM has significantly improved the survival of patients, especially in the last 20 years, as novel therapies have become standard of care. Multiple factors affect outcomes, including pre-transplant response and cytogenetic risk. It has been shown that achieving complete response/very good partial response (CR/VGPR) is vital in ensuring a prolonged PFS or OS. In our study, the pre- and post-ASCT response increased from 5% to 54% and 29% to 76%, across the years. The importance of pre-transplant remission status is still controversial. In the Korean myeloma group study, CR before ASCT was associated with longer post-transplant OS (p=0.0015) [26]. However, in a CIBMTR-based study, for patients who failed to achieve partial response with induction treatment before ASCT, additional treatment before ASCT did not improve PFS or OS [27]. In our study, we found that pre-transplant CR or VGPR only is associated with improvement in both PFS and OS (p < 0.001). Post-transplant CR and/or VGPR improve PFS and OS in MM patients [28,29]. For instance, in the long-term follow-up of the GEM-PATHEMA study, post-transplant CR after ASCT remained associated with superior OS at a follow-up of 12 years (35% in CR vs. 16% in PR group; p < 0.001) [29]. Therefore, the achievement of CR or VGPR status post-transplant is a vital goal in ensuring a disease-free prognosis [24]. The achievement and maintenance of post-transplant CR and VGPR seen was due to the increased use of three-drug induction therapy with novel drugs, and the implementation of post-ASCT maintenance [8,15,20,22,24,30]. Better induction therapy with improved response post-ASCT are likely reasons for tandem transplant falling out of favor, which was one way to achieve deep remission in the late 1990s to early 2000s [31,32,33]. The BMT-CTN 0702 study, which randomized patients to ASCT/maintenance lenalidomide or ASCT/consolidation, VRD/lenalidomide maintenance, or tandem ASCT/lenalidomide maintenance, showed no benefit for consolidation or tandem transplant [34]. The FORTE trial evaluated the role of carfilzomib in the upfront treatment of transplant-eligible patients with NDMM [35]. The study evaluated the efficacy and safety of three different carfilzomib-based induction and consolidation approaches with or without transplantation and of maintenance treatment with carfilzomib plus lenalidomide versus lenalidomide alone in NDMM. Patients were assigned to one of the induction-consolidation groups: carfilzomib, lenalidomide, and dexamethasone (KRD), plus ASCT; KRD12; carfilzomib, cyclophosphamide, and dexamethasone (KCD), plus ASCT. The KRD12 arm did not include ASCT but instead additional cycles of KRD. The results showed that the KRD regimen plus ASCT led to deep and durable responses compared with the other two regimens. The patients in the three arms were then randomly assigned to maintenance treatment with carfilzomib plus lenalidomide or lenalidomide alone. The 3-year PFS was 75% with KRD versus 65% with lenalidomide alone (p = 0.023). Maintenance treatment with carfilzomib plus lenalidomide significantly improved PFS compared with lenalidomide alone.



As the population ages, there is concern about how older patients fare under the physically challenging course of treatment for their multiple myeloma disease. Less aggressive treatment regimens are often prioritized for elderly patients because of toxicity concerns. However, as the median age at diagnosis of multiple myeloma is 69 years [36], setting an age cutoff for transplant will exclude a large cohort of patients. We saw a trend of an increasing number of patients, from 0% in group 1 to 25% in group 5, who were >65 years of age at transplant. We found statistically significant improvement in PFS and OS for patient populations aged ≤65 years and >65 years (Figure 2A–D). A Swedish cohort of patients older than 70 years of age diagnosed with MM between 1973–2003 were found not to have as much improvement in 5-year relative survival ratios as their younger counterparts [37]. However, Kumar et al. demonstrated that MM patients >65 years old had a significantly longer median OS of 5 years for those diagnosed between 2006–2010, compared to 3.2 years for those between 2001–2005 [38]. Similarly, a center of international bone marrow transplant registry-based study that compared 942 patients >70 years and 10,484 younger patients showed the elderly population derives similar benefit from ASCT [39]. Although the risk of mortality increased with age, it was not due to NRM or disease progression [39]. In our study, patients >65 years old had similar 5-year OS rates compared to younger patients (≤65 years). The 5-year OS rates for older patients from groups 2–4 were 33%, 52%, and 70%, respectively, and that of the younger patients from the same groups were 38%, 56%, and 68%, respectively. Our data add to existing reports that patients should not be excluded from ASCT due to age alone.



Risk assessment in MM has become more robust and specific over time, as cytogenetic studies of patient marrow biopsies utilizing FISH have improved understanding of prognosis [40]. Combining the International Staging System (ISS), which considers serum β2-microglobulin and albumin levels, with FISH analysis of high-risk chromosomal abnormalities, was shown to significantly improve risk assessment in MM patients. This led to the creation of a revised ISS system, which has been widely accepted [41]. The International Myeloma Working Group has identified t(4;14), del(17/17p), t(14;16), t(14;20), and gain(1q) to confer poor prognosis [42]. Integration of these risk assessment factors into survival analysis can offer greater understanding of the biology of myeloma and its influence on disease course. Our analysis showed that both the standard- and high-risk patients saw improvement in PFS and OS (Figure 2E,F), although the high-risk cohort still had lower PFS and OS compared to the standard-risk cohort (Figure 3A,B).



We recognize that this is a retrospective analysis that involves only MM patients who received ASCT, which does not account for the survival of patients who were not transplant eligible or delayed ASCT after their first relapse. However, this is a large analysis showing that newer agents developed between 1992–2016, incorporated into induction therapies and maintenance, have significantly improved survival outcomes of NDMM patients receiving ASCT, with more than 80% patients surviving 3 years post-ASCT since 2009. Further studies into how demographics, access to care, and disease characteristics impact myeloma outcomes are needed to contribute to our understanding of the disease.




6. Conclusions


In conclusion, our study follows the outcomes of MM patients for more than 26 years. We observed that the outcomes of NDMM patients’ survival have improved dramatically since 1992, primarily due to the inclusion of novel and maintenance therapies. However, MM remains incurable. Therefore, there is hope that newer pharmacological interventions and technologies will continue to build on prior successes.
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Figure 1. Survival outcomes from the time of transplantation by transplant years. 
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Figure 2. Subgroup survival outcomes and prognostic factors for survival. 
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Figure 3. Survival outcomes between standard versus high risk patients. 
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Table 1. Patient Characteristics.
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ASCT Year




	

	
Total (n = 1001)

	
1992–1998 (n = 38)

	
1999–2002 (n = 59)

	
2003–2008 (n = 241)

	
2009–2013 (n = 376)

	
2014–2016 (n = 287)

	
p-Value






	
Age at ASCT (median, range)

	
58

	
18–81

	
54

	
36–65

	
57

	
39–71

	
57

	
30–76

	
58

	
18–81

	
60

	
28–75

	
<0.01




	

	
N

	
%

	
N

	
%

	
N

	
%

	
N

	
%

	
N

	
%

	
N

	
%

	
<0.01




	
Age ≤ 65

	
816

	
81.5

	
38

	
100.0

	
50

	
84.7

	
195

	
80.9

	
318

	
84.6

	
215

	
74.9

	




	
Age > 65

	
185

	
18.5

	
0

	
0.0

	
9

	
15.3

	
46

	
19.1

	
58

	
15.4

	
72

	
25.1

	




	
Gender

	

	

	

	

	

	

	

	

	

	

	

	

	
0.69




	
Male

	
585

	
58.4

	
22

	
57.9

	
31

	
52.5

	
144

	
59.8

	
227

	
60.4

	
161

	
56.1

	




	
Female

	
416

	
41.6

	
16

	
42.1

	
28

	
47.5

	
97

	
40.2

	
149

	
39.6

	
126

	
43.9

	




	
Race

	

	

	

	

	

	

	

	

	

	

	

	

	
0.52




	
Black

	
141

	
14.1

	
4

	
10.5

	
7

	
11.9

	
42

	
17.4

	
49

	
13.0

	
39

	
13.6

	




	
White

	
850

	
84.9

	
33

	
86.8

	
51

	
86.4

	
199

	
82.6

	
322

	
85.6

	
245

	
85.4

	




	
Others

	
10

	
1.0

	
1

	
2.6

	
1

	
1.7

	
0

	
0.0

	
5

	
1.3

	
3

	
1.0

	




	
Myeloma type

	

	

	

	

	

	

	

	

	

	

	

	

	
0.12




	
IGA

	
226

	
22.7

	
6

	
16.7

	
16

	
28.1

	
62

	
25.7

	
72

	
19.1

	
70

	
24.4

	




	
IGG

	
534

	
53.6

	
25

	
69.4

	
33

	
57.9

	
128

	
53.1

	
197

	
52.4

	
151

	
52.6

	




	
LC only

	
193

	
19.4

	
2

	
5.6

	
5

	
8.8

	
37

	
15.4

	
91

	
24.2

	
58

	
20.2

	




	
Nonsecretory

	
24

	
2.4

	
2

	
5.6

	
3

	
5.3

	
6

	
2.5

	
10

	
2.7

	
3

	
1.0

	




	
IGD

	
15

	
1.5

	
1

	
2.8

	
0

	
0.0

	
5

	
2.1

	
5

	
1.3

	
4

	
1.4

	




	
Biclonal

	
2

	
0.2

	
0

	
0.0

	
0

	
0.0

	
2

	
0.8

	
0

	
0.0

	
0

	
0.0

	




	
PLASMA CELL LEUKEMIA

	
1

	
0.1

	
0

	
0.0

	
0

	
0.0

	
1

	
0.4

	
0

	
0.0

	
0

	
0.0

	




	
IGM

	
1

	
0.1

	
0

	
0.0

	
0

	
0.0

	
0

	
0.0

	
1

	
0.3

	
0

	
0.0

	




	
IGE

	
1

	
0.1

	
0

	
0.0

	
0

	
0.0

	
0

	
0.0

	
0

	
0.0

	
1

	
0.3

	




	
Unknown

	
4

	

	
2

	

	
2

	

	
0

	

	
0

	

	
0

	

	




	
ISS staging

	

	

	

	

	

	

	

	

	

	

	

	

	
0.55




	
1

	
286

	
38.1

	
1

	
100.0

	
9

	
32.1

	
58

	
33.7

	
116

	
37.7

	
102

	
42.3

	




	
2

	
244

	
32.5

	
0

	
0.0

	
9

	
32.1

	
57

	
33.1

	
99

	
32.1

	
79

	
32.8

	




	
3

	
220

	
29.3

	
0

	
0.0

	
10

	
35.7

	
57

	
33.1

	
93

	
30.2

	
60

	
24.9

	




	
Unknown

	
251

	

	
37

	

	
31

	

	
69

	

	
68

	

	
46

	

	




	
Cytogenetic risk

	

	

	

	

	

	

	

	

	

	

	

	

	
<0.01




	
Standard risk

	
530

	
69.7

	
1

	
100.0

	
5

	
100.0

	
178

	
89.4

	
212

	
67.3

	
134

	
55.8

	




	
High risk

	
230

	
30.3

	
0

	
0.0

	
0

	
0.0

	
21

	
10.6

	
103

	
32.7

	
106

	
44.2

	




	
NA

	
241

	

	
37

	

	
54

	

	
42

	

	
61

	

	
47

	

	




	
Melphalan use

	

	

	

	

	

	

	

	

	

	

	

	

	
<0.01




	
140

	
127

	
12.7

	
0

	
0.0

	
5

	
8.5

	
18

	
7.5

	
56

	
14.9

	
48

	
16.7

	




	
200

	
803

	
80.2

	
2

	
5.3

	
22

	
37.3

	
220

	
91.3

	
320

	
85.1

	
239

	
83.3

	




	
Missing or No Use

	
71

	
7.1

	
36

	
94.7

	
32

	
54.2

	
3

	
1.2

	
0

	
0.0

	
0

	
0.0

	




	
Pre-Transplant response

	

	

	

	

	

	

	

	

	

	

	

	

	
<0.01




	
Others

	
141

	
14.1

	
12

	
31.6

	
14

	
23.7

	
33

	
13.7

	
55

	
14.6

	
27

	
9.4

	




	
CR/VGPR

	
455

	
45.5

	
2

	
5.3

	
9

	
15.3

	
96

	
39.8

	
193

	
51.3

	
155

	
54.0

	




	
PR

	
405

	
40.5

	
24

	
63.2

	
36

	
61.0

	
112

	
46.5

	
128

	
34.0

	
105

	
36.6

	




	
Post-Transplant response

	

	

	

	

	

	

	

	

	

	

	

	

	
<0.01




	
Others

	
103

	
10.3

	
24

	
63.2

	
18

	
30.5

	
29

	
12.0

	
18

	
4.8

	
14

	
4.9

	




	
CR/VGPR

	
708

	
70.7

	
11

	
28.9

	
18

	
30.5

	
158

	
65.6

	
302

	
80.3

	
219

	
76.3

	




	
PR

	
190

	
19.0

	
3

	
7.9

	
23

	
39.0

	
54

	
22.4

	
56

	
14.9

	
54

	
18.8

	




	
Induction Regimens

	

	

	

	

	

	

	

	

	

	

	

	

	
<0.01




	
Cytoxan based therapy

	
5

	
0.5

	
2

	
5.3

	
2

	
3.4

	
1

	
0.4

	
0

	
0.0

	
0

	
0.0

	




	
MP based therapy

	
8

	
0.8

	
6

	
15.8

	
2

	
3.4

	
0

	
0.0

	
0

	
0.0

	
0

	
0.0

	




	
VAD based therapy

	
128

	
12.8

	
30

	
78.9

	
54

	
91.5

	
44

	
18.3

	
0

	
0.0

	
0

	
0.0

	




	
Lenalidomide based therapy

	
119

	
11.9

	
0

	
0.0

	
0

	
0.0

	
37

	
15.4

	
63

	
16.8

	
19

	
6.6

	




	
Thalidomide and bortezomib based therapy

	
29

	
2.9

	
0

	
0.0

	
0

	
0.0

	
22

	
9.1

	
7

	
1.9

	
0

	
0.0

	




	
Thalidomide based therapy

	
61

	
6.1

	
0

	
0.0

	
0

	
0.0

	
57

	
23.7

	
4

	
1.1

	
0

	
0.0

	




	
bortezomib based therapy

	
324

	
32.4

	
0

	
0.0

	
0

	
0.0

	
66

	
27.4

	
157

	
41.8

	
101

	
35.2

	




	
lenalidomide and Bortezomib based therapy

	
323

	
32.3

	
0

	
0.0

	
0

	
0.0

	
14

	
5.8

	
142

	
37.8

	
167

	
58.2

	




	
Melphalan based regimen

	
1

	
0.1

	
0

	
0.0

	
0

	
0.0

	
0

	
0.0

	
1

	
0.3

	
0

	
0.0

	




	
Unknown

	
3

	
0.3

	
0

	
0.0

	
1

	
1.7

	
0

	
0.0

	
2

	
0.5

	
0

	
0.0

	




	
Received maintenance

	
472

	
47.2

	
0

	
0.0

	
0

	
0.0

	
20

	
8.3

	
254

	
67.6

	
198

	
69.0

	
<0.01




	
Maintenance drugs

	

	

	

	

	

	

	

	

	

	

	

	

	
<0.01




	
Lenalidomide

	
411

	
87.1

	
0

	
0

	
0

	
0

	
18

	
90

	
233

	
91.7

	
160

	
80.8

	




	
Bortezomib

	
51

	
10.8

	
0

	
0

	
0

	
0

	
0

	
0

	
24

	
9.4

	
27

	
13.6

	




	
IXAZOMIB

	
13

	
2.8

	
0

	
0

	
0

	
0

	
0

	
0

	
2

	
0.8

	
11

	
5.6

	




	
LENOLIDIMIDE+bortezomib

	
6

	
1.3

	
0

	
0

	
0

	
0

	
0

	
0

	
5

	
2.0

	
1

	
0.5

	




	
Lenalidomide+cyclophosphamide

	
6

	
1.3

	
0

	
0

	
0

	
0

	
0

	
0

	
2

	
0.8

	
4

	
2.0

	




	
Pomalidomide

	
8

	
1.7

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0.0

	
8

	
4.0

	




	
Pomalidomide+cyclophosphamide

	
2

	
0.4

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0.0

	
2

	
1.0

	




	
Thalidomide

	
5

	
1.1

	
0

	
0

	
0

	
0

	
2

	
10

	
3

	
1.2

	
0

	
0.0

	











[image: Table] 





Table 2. Cox Proportional Hazard Model on Risk of Relapse or Death.
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Characteristics

	
HR

	
95% CI

	
p-Value






	
Univariable modelTransplant year

	

	

	

	




	
Transplant year ≤ 2008

	
Reference




	
Transplant year 2009—2013

	
0.48

	
0.40

	
0.57

	
<0.001




	
Transplant year 2014—2016

	
0.52

	
0.42

	
0.63

	
<0.001




	
Age at ASCT

	
1.00

	
0.99

	
1.01

	
0.814




	
Age ≤ 65

	
Reference




	
Age > 65

	
0.90

	
0.74

	
1.09

	
0.296




	
Gender

	

	

	

	




	
Male

	
Reference




	
Female

	
0.98

	
0.85

	
1.14

	
0.824




	
Race

	

	

	

	




	
Black

	
Reference




	
White

	
1.01

	
0.82

	
1.25

	
0.923




	
Others

	
0.63

	
0.26

	
1.54

	
0.308




	
Melphalan dose (mg/m2)

	

	

	

	




	
140

	
Reference




	
200

	
0.90

	
0.72

	
1.13

	
0.362




	
Missing or No use

	
2.16

	
1.57

	
2.96

	
<0.001




	
Pre-transplant response

	

	

	

	




	
Others

	
Reference




	
CR/VGPR

	
0.44

	
0.36

	
0.55

	
<0.001




	
PR

	
0.75

	
0.61

	
0.93

	
0.007




	
ISS staging

	

	

	

	




	
1

	
Reference




	
2

	
1.16

	
0.94

	
1.43

	
0.156




	
3

	
1.54

	
1.25

	
1.90

	
<0.001




	
Cytogenetics risk

	

	

	

	




	
Standard risk

	
Reference




	
High risk

	
1.39

	
1.16

	
1.67

	
<0.001




	
Myeloma type

	

	

	

	




	
IGA

	
Reference




	
IGG

	
1.03

	
0.86

	
1.24

	
0.763




	
LC only

	
0.91

	
0.72

	
1.14

	
0.406




	
Others

	
1.06

	
0.75

	
1.50

	
0.754




	
Multivariable model

	

	




	
Transplant years

	

	

	

	




	
Transplant year ≤ 2008

	
Reference




	
Transplant year 2009–2013

	
0.49

	
0.38

	
0.62

	
<0.001




	
Transplant year 2014–2016

	
0.53

	
0.40

	
0.69

	
<0.001




	
Pre-transplant response

	

	

	

	




	
Others

	
Reference




	
CR/VGPR

	
0.54

	
0.40

	
0.73

	
<0.001




	
PR

	
0.90

	
0.67

	
1.22

	
0.500




	
ISS staging

	

	

	

	




	
1

	
Reference




	
2

	
1.21

	
0.96

	
1.53

	
0.104




	
3

	
1.51

	
1.18

	
1.94

	
0.001




	
Cytogenetics risk

	

	

	

	




	
Standard risk

	

	

	

	




	
High risk

	
1.80

	
1.45

	
2.25

	
<0.001




	
Melphalan dose (mg/m2)

	

	

	

	




	
140

	
Reference




	
200

	
1.10

	
0.81

	
1.50

	
0.535




	
Missing or No use

	
14.06

	
1.82

	
108.46

	
0.011
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Table 3. Cox Proportional Hazard Model on Risk of Death.
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Characteristics

	
HR

	
95% CI

	
p-Value






	
Univariable model

	

	

	

	




	
Transplant year ≤ 2008

	




	
Transplant year 2009—2013

	
0.50

	
0.41

	
0.60

	
<0.001




	
Transplant year 2014—2016

	
0.46

	
0.35

	
0.60

	
<0.001




	
Age at ASCT

	
1.01

	
1.00

	
1.02

	
0.219




	
Age ≤ 65

	
Reference




	
Age > 65

	
0.96

	
0.76

	
1.21

	
0.717




	
Gender

	

	

	

	




	
Male

	
Reference




	
Female

	
0.86

	
0.72

	
1.03

	
0.100




	
Race

	

	

	

	




	
Black

	
Reference




	
White

	
1.07

	
0.83

	
1.39

	
0.589




	
Others

	
0.70

	
0.22

	
2.24

	
0.553




	
Melphalan dose (mg/m2)

	

	

	

	




	
140

	
Reference




	
200

	
0.74

	
0.57

	
0.96

	
0.026




	
Missing or No use

	
2.18

	
1.55

	
3.06

	
<0.001




	
Pre-transplant response

	

	

	

	




	
Others

	
Reference




	
CR/VGPR

	
0.45

	
0.35

	
0.58

	
<0.001




	
PR

	
0.83

	
0.65

	
1.05

	
0.120




	
ISS staging

	

	

	

	




	
1

	
Reference




	
2

	
1.37

	
1.05

	
1.79

	
0.020




	
3

	
2.03

	
1.57

	
2.63

	
<0.001




	
Cytogenetics risk

	

	

	

	




	
Standard risk

	
Reference




	
High risk

	
1.42

	
1.13

	
1.79

	
0.003




	
Myeloma type

	

	

	

	




	
IGA

	
Reference




	
IGG

	
0.87

	
0.71

	
1.08

	
0.217




	
LC only

	
0.79

	
0.60

	
1.04

	
0.095




	
Others

	
0.89

	
0.59

	
1.34

	
0.564




	
Multivariable model

	

	

	




	
Transplant years

	

	

	

	




	
Transplant year ≤ 2008

	
Reference




	
Transplant year 2009–2013

	
0.54

	
0.41

	
0.72

	
<0.001




	
Transplant year 2014–2016

	
0.53

	
0.36

	
0.77

	
0.001




	
Pre-transplant remission

	

	

	

	




	
Others

	
Reference




	
CR/VGPR

	
0.53

	
0.37

	
0.77

	
0.001




	
PR

	
0.92

	
0.64

	
1.32

	
0.653




	
ISS staging

	

	

	

	




	
1

	
Reference




	
2

	
1.48

	
1.09

	
2.02

	
0.011




	
3

	
2.00

	
1.48

	
2.70

	
<0.001




	
Cytogenetics risk

	

	

	

	




	
Standard risk

	

	

	

	




	
High risk

	
1.80

	
1.36

	
2.37

	
<0.001
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