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Abstract

The benefits of pre-transplant induction chemotherapy in light chain amyloidosis (AL), a low 

burden plasma cell (PC) neoplasm associated with multiorgan dysfunction, is debatable, although 

with the availability of bortezomib, this is increasingly pursued. We analyzed outcomes of AL 

patients undergoing autologous hematopoietic cell transplant between 2014 and 2018, reported to 

the Center for International Blood and Marrow Transplant Research database. Of 440 patients, 294 

received bortezomib-based induction and 146 received no induction. Patients receiving induction 

had greater PC burden compared to no induction (PC 10% or more: 39% vs 11%, p <0.01). At 2-

years, the induction group compared to no induction had lower relapse/progression [13(9–18)% vs 

23(16–32)%, p 0.02], better progression-free survival (PFS) [82(77–87)% vs 69(61–77)%, p 

<0.01] and similar overall survival (OS) [92(88–95)% vs 89(84–94)%, p 0.22], which was 

confirmed on multivariate analysis. A subset analysis limited to patients <10% PC also showed 

superior relapse/progression (HR 0.43, 95% CI 0.24–0.78, p <0.01) and PFS (HR 0.43, 95% CI 

0.26–0.72, p<0.01) for induction compared to no induction. Thus, we conclude that pre-transplant 

bortezomib-based induction was associated with improved relapse/progression and PFS in AL. 

Longer survival follow-up is warranted as OS was excellent in both cohorts at 2 years.

Introduction

Light chain (AL) amyloidosis is a plasma cell (PC) disorder characterized by insoluble 

fibrillary deposition in organs and tissues derived from clonal free light chains.1 Clinically, 

AL amyloidosis patients present with multi-organ dysfunction associated with high 

morbidity and early mortality, particularly when cardiac AL involvement is present.1, 2
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Therapies for AL amyloidosis are almost entirely derived from the ones employed for 

multiple myeloma aiming at interrupting production of the amyloidogenic free light chain. 

The use of high dose melphalan with autologous hematopoietic cell transplantation (AHCT) 

performed as initial therapy, can yield long term clone control with subsequent stabilization 

and/or improvement of organ dysfunction.3, 4 While early experience with AHCT was 

hindered by relatively high toxicity and transplanted-related mortality (TRM),5 more recent 

registry data from the US have shown a remarkable reduction in TRM in recent years with 

excellent 5-year survival.6

While AHCT in AL amyloidosis has been traditionally performed without prior induction, 

the availability of bortezomib, the first-generation proteasome inhibitor found to be safe and 

rapidly efficacious in AL amyloidosis,7–9 has created a common practice of promptly 

initiating therapy with a bortezomib-based regimen even in patients who are transplant 

candidates.10–12 However, a valid concern has been that delaying transplant to allow 

induction therapy may result in potentially transplant-eligible patients becoming transplant 

ineligible.13, 14 Prior reports suggest that AL amyloid patients with a PC burden of >10% 

may benefit from induction.15 Bortezomib-based induction may improve outcomes by 1) 

rapidly lowering the toxic amyloidogenic light chain resulting in some degree of organ 

improvement and 2) by allowing exclusion of less fit patients by testing their ability to 

tolerate chemotherapy, thus, making transplant safer among those who undergo AHCT. We 

thus sought to study contemporaneous induction practices and the impact of bortezomib-

based induction in AL amyloidosis patients who undergo AHCT in the US using the Center 

for International Blood and Marrow Transplant Research® (CIBMTR®) database.

Patients and Methods

Data Source

The CIBMTR is a research collaboration between The National Marrow Donor Program/Be 

The Match, Minneapolis, MN and the Medical College of Wisconsin, Milwaukee, WI. It 

comprises of a voluntary working group of more than 200 transplantation centers in the US. 

Participating centers are required to report all transplants consecutively; compliance is 

monitored by on-site audits and patients are followed longitudinally. Computerized checks 

for discrepancies, physicians’ review of submitted data, and on-site audits of participating 

centers ensure data quality. Studies conducted by the CIBMTR are performed in compliance 

with all applicable federal regulations pertaining to the protection of human research 

participants. Protected health information used in the performance of such research is 

collected and maintained in CIBMTR’s capacity as a Public Health Authority under the 

HIPAA Privacy Rule.

Patients

This study involved AL patients who received AHCT for AL in the United States between 

January 1, 2014 and December 31, 2018 from the CIBMTR database with comprehensive 

data reported. All patients who received AHCT within 9 months of their AL diagnosis with 

melphalan conditioning alone with organ involvement information were included. Patients 

with a concurrent diagnosis of symptomatic multiple myeloma were excluded. Patients who 
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received induction with non-bortezomib therapy were excluded (Figure 1). We identified 

440 patients meeting the study criteria. The overall completeness of follow-up at 2 years was 

93%.

Definitions and Responses

Hematologic response was defined as the best hematologic response to transplant based on 

the 2004 uniform consensus criteria proposed at the 10th International Symposium on 

Amyloidosis.16 Hematologic relapse/progression was defined as the time to first evidence of 

laboratory recurrence or progression of amyloidosis based on the 2004 uniform consensus 

criteria. Hematologic progression-free survival (PFS) was defined as survival without 

progressive disease or relapse from complete response (CR). Progressive disease, relapse 

from CR and death in remission are considered events. Patients who are alive and in 

complete remission, partial response, no response, or stable disease are censored at time of 

last follow-up. Overall survival (OS) was defined as survival with death by any cause as an 

event. Surviving patients were censored at the time of last contact. Renal organ response was 

defined as the best renal response achieved after transplant. Renal response was defined as a 

50% decrease (at least 0.5 g/day) of 24-hour urine protein with less than 25% decrease in 

renal function estimated by eGFR.

Statistical Analysis

Descriptive statistics were used to summarize patient-, disease-, and transplant-related 

characteristics. The t-test or Wilcoxon rank-sum test was used to compare continuous 

variables and the Pearson chi-square test or Fisher’s exact test was used to evaluate 

differences between proportions for categorical variables. The probability of PFS and OS 

were calculated using the Kaplan-Meier estimator while non-relapse mortality and relapse/

progression were summarized using the cumulative incidence function. Comparison of 

survival and cumulative incidence curves was done using the log-rank test and Gray’s test, 

respectively. A multivariate model was fitted using the Cox proportional hazards regression 

model to identify prognostic factors associated with the above endpoints. A stepwise model 

building approach was adopted and variables that attained a p-value less than 5% were 

retained in the final model. Bortezomib induction was considered the main effect and kept in 

the model during the variable selection process. Other variables included in the multivariate 

model included age at transplant, sex, race, PC% at diagnosis, presence of t(11;14), cardiac 

involvement, liver involvement, renal involvement, number of organs involved, Karnofsky 

performance score (KPS) at transplant, HCT comorbidity index (HCT-CI) score, serum 

creatinine at transplant, serum albumin at transplant, melphalan dose, year of transplant, 

maintenance therapy, and AL transplant center volume. A subset multivariate analysis of 

patients with <10% bone marrow PC at diagnosis was conducted.

Results

A total of 440 patients underwent first AHCT for AL between 2014–2018 were eligible for 

analysis. Baseline characteristics are summarized in Table 1. Bortezomib-based induction 

therapy was administered to 294 patients and included combination with cyclophosphamide 

and dexamethasone in 82% (n=242); lenalidomide and dexamethasone in 10% (n=29); 
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dexamethasone alone in 7% (n=22); thalidomide and dexamethasone (n=1). The majority 

(92%) received only one line of therapy prior to AHCT- 37% <3 months, 41% 3–6 months, 

1% 6–9 months, and missing in 21%. No pre-AHCT induction therapy occurred in 146 

patients. Median age, gender, race, KPS, and baseline end-organ involvement were similar in 

both groups. Patients with a baseline plasma cell percentage of ≥10% were more likely to 

receive induction therapy (39% vs 11%). Patients receiving induction therapy were less 

likely to receive a melphalan conditioning dose of 200 mg/m2 (42% vs 55%). At pre-AHCT, 

71% of the induction group were reported to be in a partial response (PR) or better, with 

14% CR. The majority of patients in this study did not receive maintenance, but a slightly 

higher number of patients in the induction group received post-transplant maintenance 

compared to no induction (20% vs 15%). The median follow-up for survivors was 24.6 

months (range, 3–63 months) from the time of AHCT.

Post-AHCT response and outcomes

Table 2 shows post-AHCT responses. Day 100 post-AHCT hematologic overall response 

rate (ORR; ≥PR) in the bortezomib group was 64% with 18% CR and 46% PR. In the no 

induction group, ORR was 57% with 20% CR and 37% PR. Best hematologic response was 

ORR in 80% (36% CR, 44% PR) vs 73% (39% CR, 34% PR) in the bortezomib induction vs 

no induction group respectively.

Renal responses at day 100 was available in 244 (56%) of patients with the bortezomib-

induction cohort showing CR in 33%, stable disease (SD) in 60% and progression in 7% and 

CR in 14%, SD in 42%, and progression in 7% of the no induction cohort. Best renal 

response was available in 292 (66%) of patients with 34% CR, 29% SD and 2% progression 

in the bortezomib induction and 39% CR, 28% SD and 3% progression in the no induction 

groups.

Transplant outcomes from time of AHCT are described (Table 3). Day 100 TRM was 2(1–4) 

% in bortezomib induction versus 3(1–7) % in the no induction groups (p 0.4). The 2-year 

cumulative incidence of relapse was 13(9–18) % in the bortezomib-induction cohort and 

23(16–32) % in the no induction cohort (p=0.02) (Figure 2). Similarly, the 2-year probability 

of PFS was 82 (77–87) % and 69(61–77) % in these groups respectively (p<0.01) (Figure 2). 

There were no significant differences in the 2-year OS among cohorts, with an adjusted 

probability of 92(88–95) % and 89(84–94) %, respectively (p=0.5) (Figure 2).

Multivariate analysis of outcomes (Table 4)

Relapse/progression: Bortezomib induction was associated with significantly lower 

relapse/progression compared with no induction cohort (HR 0.48, 95% CI 0.31–0.74, 

p<0.01). Patients with a creatinine ≥2 mg/dl had significantly higher risk of relapse/

progression compared with <2 mg/dl (HR 1.78, 95% CI 1.02–3.10, p=0.04). Similarly, 

patients with a KPS <90% had significantly higher relapse/progression compared with >90% 

(HR 1.97, 95% CI 1.24–3.11, p<0.01). Compared with those receiving Mel 200, patients 

who received Mel 100 and Mel 140 had significantly higher relapse/progression (p 0.01). 

There was no difference between Mel 180 and Mel 200.
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PFS: In multivariate analysis, variables significantly impacting PFS included bortezomib-

based induction therapy, serum creatinine, KPS and melphalan conditioning dose. Use of 

bortezomib-based induction chemotherapy was associated with superior PFS compared with 

no induction therapy (HR 0.47, 95% CI 0.32–0.69, p<0.01). Patients with a creatinine ≥2 

mg/dl had inferior PFS compared with <2 mg/dl (HR 1.66, 95% CI 1.02–2.72, p=0.04). 

Similarly, patients with a KPS <90% had inferior PFS compared with >90% (HR 2.13, 95% 

CI 1.41–3.21, p<0.01). Compared to Mel 200, Mel 100 and Mel 140 conditioning was 

associated with worse PFS (p 0.008) with Mel 180 having similar PFS.

OS: Use of bortezomib-based induction demonstrated no significant difference in OS 

compared with no induction therapy (HR 0.57, 95% CI 0.32–1.04, p=0.07). Compared to 

Mel 200, use of lower doses of melphalan at 140 and below were associated with worse 

survival (p 0.002).

Additional analysis was done to assess outcomes in patients who did not receive 

maintenance therapy (N=325). This showed similar findings as the main analysis for 

bortezomib induction vs no induction with 2 year relapse/progression of 11 (7–17)% vs 22 

(14–31)%, p-value 0.02, 2-year PFS 82 (76–88)% vs 68 (59–77)%, p-value 0.01, and 2-year 

OS 91 (87–95)% vs 88 (80–93)%, p-value 0.3, respectively.

Subset analysis of patients with <10% of bone marrow plasma cells at diagnosis (N=263)

We conducted a subset analysis of patients with <10% bone marrow plasma cells to 

understand the effect of bortezomib-based induction in this group. These results were similar 

to the main analysis and confirmed that bortezomib induction was associated with improved 

relapse/progression (HR 0.43, 95% CI 0.24–0.78, p 0.005) and PFS (HR 0.43, 95% CI 0.26–

0.72, p 0.001) without an OS difference (HR 0.56, 95% CI 0.27–1.18, p 0.1). Detailed 

results are shown in Supplementary table 1.

Causes of death: A total of 46 patients died during follow-up including 26 patients in the 

bortezomib induction cohort and 20 patients in the no induction cohort. Most patients died 

from AL (n=33; 72%). Other causes of death included infection (n=3; 7%); organ failure 

(n=3; 7%); respiratory failure (n=2; 4%); other causes including 1 peritonitis, 2 accident/

suicide (n=3; 7%). The cause of death was unknown in 2 cases.

Discussion

In this registry study of AL amyloidosis patients receiving upfront AHCT in a 

contemporaneous period in the US, we make the following observations. 1) The use of 

bortezomib induction was higher in those with a higher clonal plasma cell burden; 2) 

Patients who received bortezomib-based induction appeared to benefit from lower relapse/

progression and improved PFS compared to patients receiving AHCT without prior 

induction at 2 years post-AHCT; 3) Both groups had excellent 2-year OS with no difference 

observed by bortezomib induction at this short follow-up; 4) while bortezomib induction use 

was heavily determined by clonal burden, a subset analysis of patients with <10% PC 

showed a similar benefit of bortezomib-based induction on outcomes; and 5) use of high 
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intensity melphalan conditioning at 180 mg/m2 or higher was associated with improved 

outcomes.

Multiple single center retrospective studies have shown the benefit of bortezomib-based 

induction therapy on AHCT outcomes in AL amyloidosis patients.15, 17–21 A randomized 

controlled trial of 56 patients from China also showed a benefit in 2-year outcomes with 

bortezomib-based induction followed by AHCT compared to AHCT alone,22 though the 2-

year overall survival after AHCT alone arm in this study was much lower at 69.5% than that 

reported from the US in recent years.6 In a prospective study of 2 cycles of bortezomib 

induction prior to AHCT, 5 of 35 patients (14%) were unable to proceed to transplant owing 

to clinical deterioration during induction or mobilization.13 Thus, there is a valid concern 

that induction therapy may lead to loss of the ‘window of opportunity’ to transplant in AL 

amyloidosis patients. However, an alternate view of this is that induction therapy can serve 

as an initial test of fitness and allow the ‘selecting out’ of patients who may be unable to 

withstand the transplant procedure safely. In the multicenter HOVON 104 study,14 50 AL 

amyloidosis patients were treated with 4 cycles of bortezomib/dexamethasone induction; of 

these 15 (30%) did not proceed to transplant. However, among the 70% who underwent 

AHCT, TRM was 0.14 Historically, the use of AHCT in AL amyloidosis has been associated 

with high TRM compared to multiple myeloma5 and even in more recent years, with 

increasing experience and better patient selection has been as high as 5% at 100 days.6 Our 

current study confirms this hypothesis as the 100 day TRM is even lower at 2–3% compared 

to our prior CIBMTR registry analysis studying transplant outcomes prior to 2013.6

Our analysis shows that patients receiving bortezomib induction were more likely to have a 

higher plasma cell burden but also receive lower melphalan dosing. Patients with a higher 

PC disease burden at diagnosis were more likely to receive induction in order to achieve 

debulking of disease prior to AHCT consistent with data that patients with >10% PC burden 

have worse prognosis and the use of induction presumably was a clinical decision based on 

the higher clone size at diagnosis.23 To account for these practice differences, we performed 

a subset analysis in patients with <10% PC burden at diagnosis and found that bortezomib-

based induction led to similar improvements in outcomes as the overall study.

Previous studies have demonstrated that use of full intensity (200 mg/m2) melphalan 

conditioning is associated with superior outcomes including disease responses and improved 

survival.6, 24 However, a reduction in melphalan dosing is often used to adjust for anticipated 

transplant associated morbidity.25, 26 Our data demonstrate that, consistent with previous 

reports, even in the era of bortezomib based induction, higher doses of melphalan remain 

important for survival outcomes including OS. We were indeed surprised to see that patients 

who received bortezomib-based induction were less likely to receive melphalan 200 mg/m2. 

Our data do not allow us to determine whether this was because patients developed toxicity 

to induction and were thus unable to receive full intensity melphalan or because a better 

hematologic disease response led to a choice of dose reduction by the transplant physician. 

Based on our analysis, even after adjusting for receipt of induction therapy, the use of higher 

intensity melphalan dose is associated with improved outcomes. Although we tested 

multiple covariates in our Cox proportional hazards models and looked for interactions, we 
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acknowledge that the use of melphalan 200 mg/m2 can be confounded by other covariates at 

transplant such as creatinine, KPS, and other comorbidities.

No difference in OS was identified according to induction therapy use in this study with the 

short follow-up given that this study is restricted to a recent time period. Overall, AL 

amyloidosis patients in our study had an excellent 2-year survival after AHCT regardless of 

the use of induction therapy. A longer follow up at 5 or 10 years may be needed to discern 

the effect of induction therapy, if any, on OS.

Our study has several limitations, the main one being it is restricted to patients undergoing 

AHCT. Only 20–25% of patients with AL are felt to be eligible for AHCT at time of 

diagnosis.27 While some patients ineligible for AHCT at diagnosis may become eligible 

with the use of induction therapy and end-organ improvement,11, 12, 20 induction therapy 

itself may lead to toxicity and subsequent ineligibility to AHCT.13, 14 We are unable to parse 

through these scenarios as we do not have data on patients who did not receive transplant. In 

addition, while cardiac and renal involvement were balanced between the 2 groups, the 

severity of these, particularly cardiac, are unavailable which could influence the 

determination of AHCT eligibility and timing.28 We also did not analyze cardiac biomarkers 

(data unavailable) to determine the severity of involvement between the groups or measure 

cardiac response after transplant. Lastly, we were not able to use the 2012 response criteria 

for hematologic and organ response owing to the inconsistent availability of free light chains 

and cardiac biomarkers at the different timepoints.

In conclusion, this registry analysis proves the benefit of bortezomib-based induction in AL 

amyloidosis patients undergoing AHCT. This benefit was evident even in patients with low 

tumor burden. Longer follow up is needed to study the impact on overall survival given the 

excellent survival at 2 years regardless of induction use. Our data also highlight the 

importance of using full intensity melphalan conditioning in AL amyloidosis. We propose 

that with the availability of continued improvement in induction therapies with the 

combination of bortezomib with monoclonal antibodies, it is timely to study induction and 

transplant in a multicenter randomized clinical trial in AL amyloidosis patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
CONSORT flow diagram of patient selection.
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Figure 2. 
Cumulative incidence of relapse and probability of progression-free survival and overall 

survival
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Table 1.

Characteristics of patients in the US who underwent first AHCT for light chain amyloidosis and reported to 

the CIBMTR between year 2014 and 2018

Variable Bortezomib Induction (n=294) No Induction (n=146)

Number of centers 65 37

Median age, years, (range) 61 (28–78) 62 (24–77)

Male gender 166 (56) 82 (56)

Race

 White 250 (85) 123 (84)

 Black 29 (10) 19 (13)

 Other
b 9 (3) 3 (2)

 Unknown 6 (2) 1 (1)

Karnofsky score ≥ 90% 128 (44) 72 (49)

HCT-CI

 0 54 (18) 37 (25)

 1 31 (11) 19 (13)

 2 48 (16) 19 (13)

 3+ 161 (55) 71 (49)

Disease-related

Cardiac involvement

 Yes 154 (52) 71 (49)

 No 91 (31) 58 (40)

 Missing 49 (17) 17 (12)

Renal involvement

 Yes 207 (70) 105 (72)

 No 19 (6) 19 (13)

 Missing 68 (23) 22 (15)

Liver involvement

 Yes 39 (13) 15 (10)

 No 224 (76) 127 (87)

 Missing 31 (11) 4 (3)

Organ involvement

 1 115 (39) 57 (39)

 2 108 (37) 45 (31)

 ≥3 71 (24) 44 (30)

Serum creatinine at diagnosis ≥2 mg/dl 37 (13) 12 (8)

Serum albumin at diagnosis, g/dL <3.5 g/dl 161 (55) 93 (64)

Bone marrow plasma cells at diagnosis ≥10%
c 116 (39) 16 (11)

t(11;14) abnormality present

 No 203 (69) 89 (61)

 Yes 66 (23) 35 (24)

 Test not done/unknown 24 (8) 22 (15)
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Variable Bortezomib Induction (n=294) No Induction (n=146)

Transplant-related

Time (months) from diagnosis to AHCT, median (range) 6 (1–9) 3 (1–9)

Center experience
a

 <4 AHCT 161 (55) 61(42)

 ≥4 AHCT 133 (45) 85(58)

Melphalan Conditioning Dose

 100 mg/m2 40 (14) 8 (5)

 140 mg/m2 89 (30) 36 (25)

 180 mg/m2 42 (14) 22 (15)

 200 mg/m2 123 (42) 80 (55)

No. of CD34 cells infused (x10/kg), range 3.78 (0.04–12.12) 4.41 (0.08–12.71)

Year of transplant

 2014 7 (16) 35 (24)

 2015 63 (21) 31 (21)

 2016 77 (26) 29 (20)

 2017 65 (22) 28 (19)

 2018 42 (14) 23 (16)

Maintenance therapy

 Bortezomib-based 20 (6) 12 (8)

 Lenalidomide-based 25 (9) 3 (2)

 Bortezomib + Lenalidomide 9 (3) 6 (4)

 Other 7 (2) 1 (1)

 No maintenance 210 (71) 115 (79)

 Missing 23 (8) 9 (6)

Median f/u of survivors 24.6 (2.3–60.7) 29.1 (3.4–62.8)

a
Center experience defined as mean number of AHCT across 4 years from 2015–2018

b
Other race: Asian (n=8); Native American (n=2); More than one race (n=2)

AHCT, autologous hematopoietic cell transplantation; HCT-CI, Hematopoietic cell transplant comorbidity index
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Table 2.

Hematologic and Renal responses to HCT

Bortezomib induction No Induction P Value

Hematologic response at 100 days 0.01a

 CR 53 (18) 29 (20)

 PR 136 (46) 54 (37)

 NR/SD 53 (18) 43 (29)

 Prog 5 (2) 5 (3)

 Not evaluable* 8 (3) 6 (4)

 Missing 39 (13) 9 (6)

Best hematologic response 0.13a

 CR 107 (36) 57 (39)

 PR 128 (44) 49 (34)

 NR/SD 35 (12) 25 (17)

 Prog 2 (1) 4 (3)

 Not evaluable* 8 (3) 6 (4)

 Missing 14 (5) 5 (3)

Renal response at 100 days 0.06a

 CR 50 (17) 21 (14)

 NR/SD 91 (31) 61 (42)

 Prog 9 (3) 8 (5)

 Not evaluable* 8 (3) 6 (4)

 Missing 136 (46) 50 (34)

Best renal response 0.63a

 CR 99 (34) 57 (39)

 NR/SD 84 (29) 40 (27)

 Prog 5 (2) 3 (2)

 Not evaluable* 8 (3) 6 (4)

 Missing 98 (33) 40 (27)

*
Non-evaluable were patients who died in the first 100 days after transplant.
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Table 3.

Patient outcomes from time of AHCT

Bortezomib induction (N = 294) No Induction (N = 146)

Outcomes N Prob (95% CI) N Prob (95% CI) P-value

Transplant-related mortality 288 145

 100-day 2 (1–4)% 3 (1–7)% 0.43

Hematologic Relapse/Progression 288 145 0.02

 1-year 8 (5–11)% 15 (9–21)% 0.04

 2-year 13 (9–18)% 23 (16–32)% 0.02

Progression-free survival 288 145 <0.01

 1-year 90 (86–93)% 79 (72–85)% <0.01

 2-year 82 (77–87)% 69 (61–77)% 0.01

Overall survival 294 146 0.22

 1-year 95 (93–98)% 91 (86–95)% 0.13

 2-year 92 (88–95)% 89 (84–94)% 0.47
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Table 4.

Multivariable analysis evaluating outcomes following AHCT in patients with AL from time of transplant

Effect Hazard Ratio 95%CI_L 95%CI_U P-value

Relapse/Progression

Bortezomib Induction (Main Effect)

 No 1.00 <0.01

 Yes 0.48 0.31 0.74 <0.01

Serum Creatinine Prior to AHCT

 <2 mg/dl 1.00 0.04

 ≥2 mg/dl 1.78 1.02 3.10 0.04

Karnosky Score

 ≥90% 1.00 0.02

 <90% 1.97 1.24 3.11 <0.01

Melphalan Dose (mg/m2)

 200 1.00 0.02

 100 2.45 1.22 4.92 0.01

 140 2.08 1.22 3.55 <0.01

 180 0.99 0.47 2.10 0.99

Progression-free Survival

Bortezomib Induction (Main Effect)

 No 1.00 <0.01

 Yes 0.47 0.32 0.69 <0.01

Serum Creatinine Prior to AHCT

 <2 mg/dl 1.00 0.04

 ≥2 mg/dl 1.66 1.02 2.72 0.04

Karnosky Score

 ≥90% 1.00 <0.01

 <90% 2.13 1.41 3.21 <0.01

Melphalan Dose (mg/m2)

 200 1.00 <0.01

 100 2.32 1.24 4.34 <0.01

 140 2.09 1.30 3.36 <0.01

 180 1.14 0.60 2.14 0.69

Overall Survival

Bortezomib Induction (Main Effect)

 No 1.00 0.07

 Yes 0.57 0.32 1.04 0.07

Melphalan Dose (mg/m2)
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Effect Hazard Ratio 95%CI_L 95%CI_U P-value

 200 1.00 <0.01

 100 3.93 1.65 9.42 <0.01

 140 3.01 1.49 6.09 <0.01

 180 1.05 0.34 3.23 0.93

AHCT, autologous hematopoietic cell transplantation
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