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Abstract

Background: High dose melphalan followed by autologous stem cell transplant (ASCT) remains 

the standard of care for transplant-eligible patients with newly diagnosed multiple myeloma 

(NDMM). Achievement of complete response (CR) and Minimal Residual Disease (MRD) 

negativity are associated with improved progression-free survival (PFS) and overall survival (OS). 

With superior triplet and quadruplet-based induction regimens, a higher proportion of patients are 

achieving deep responses of at least a VGPR or better. The probability of achieving different levels 

of deeper hematological responses post-ASCT based on the pre-ASCT depth of response is less 

clear in the existing literature but would be of value to patients and providers in discussing the 

added benefit of ASCT.

Objective: We assessed the rate of deepening the hematological response with upfront ASCT 

in patients with NDMM, mainly to MRD negative CR, based on the response achieved after 

induction therapy.

Study Design: We retrospectively reviewed 210 patients with NDMM who underwent upfront 

ASCT at Mayo Clinic Rochester from May 1st, 2018 to July 31st, 2019. In addition to the 

availability of next generation flow cytometry testing for MRD status, that yielded a sensitivity 

of 10-5, the more sensitive mass spectrometry-based assessment of peripheral blood (i.e., Mass-

fixation) for monoclonal proteins was utilized rather than conventional immunofixation.
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Results: Pre-ASCT, 23 patients (11%) achieved MRD negative CR which increased to 66 (31%) 

patients post ASCT. Of 187 patients not in MRD negative CR pre-ASCT, 45 (24%) converted 

to MRD negative CR. Patients with MRD positive CR before ASCT had the highest rates of 

conversion to MRD negative CR. HR cytogenetics did not impact rates of MRD negative CR 

achievement post ASCT irrespective of pre-ASCT IMWG response (p = 1.0). Overall, irrespective 

of IMWG response, 43 (20%) patients were MRD negative pre-ASCT (19 in VGPR, 24 in CR 

or sCR) and 102 (49%) patients were MRD negative post-ASCT (36 in VGPR, 66 in CR or 

sCR). Among 85 patients with VGPR post-ASCT, 36 achieved MRD negativity of which 8 (22%) 

progressed, while 49 had MRD positive disease of which 24 (49%) progressed (p = 0.014).

Conclusion: Upfront ASCT in patients with NDMM leads to deeper responses with 24% 

converting to MRD negative CR and more than doubling of the total rate of MRD negativity 

irrespective of IMWG response depth.
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INTRODUCTION

High dose melphalan followed by autologous stem cell transplant (ASCT) remains the 

standard of care for eligible patients with newly diagnosed multiple myeloma (NDMM) 

despite multiple advancements in therapy to include the incorporation of proteasome 

inhibitors (PIs) and immunomodulatory agents (IMiDs) in the induction regimens 1–3. 

Multiple clinical trials have demonstrated the benefit of ASCT in improving the depth of 

hematologic responses after induction therapy, including anti-CD38 monoclonal antibodies, 

for patients with NDMM 4–8. ASCT is consistently associated with improved progression-

free survival (PFS), but the benefit in overall survival (OS) has been less consistent or not as 

obvious 4,5.

Recently, minimal residual disease (MRD) negativity, with sensitivity of at least 1 in 10−5, 

by next generation flow (NGF) cytometry has been incorporated into the International 

Myeloma Working Group (IMWG) consensus criteria for response 9. MRD negativity 

has been shown to be associated with improved time to progression (TTP), PFS and 

OS in multiple clinical trials and real-world evidence 10–13. Mass spectrometry-based 

serum monoclonal protein detection (i.e. Mass-Fixation) has emerged as a more sensitive 

replacement for conventional immunofixation (IFE) 14. Thus, the achievement of MRD 

negative CR by utilizing both NGF and Mass-Fixation is the deepest hematological response 

achievable based on the availability of these next-generation technologies in clinical practice 
9,14. However, a gap in the literature exists in what proportion of patients undergoing 

an early ASCT achieve a MRD negative CR. Thus, this study conducted a retrospective 

case series of all NDMM patients to assess their pre-ASCT and post ASCT-depth of 

hematological response.
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METHODS

The electronic medical records of all consecutive patients with NDMM who underwent 

an upfront ASCT at Mayo Clinic Rochester from May 1st, 2018 to July 31st, 2019 were 

retrospectively reviewed. The study was conducted in accordance with the institutional 

guidelines with institutional review board approval and in accordance with the principles of 

the Helsinki Declaration. Upfront ASCT was defined as ASCT within one year of diagnosis. 

We excluded patients that did not have a hematological response assessment performed 

either prior to ASCT or within 100 days post-ASCT. Fluorescent in situ hybridization 

(FISH) assay was used to risk-stratify patients as either high risk (HR) or standard risk 

(SR) cytogenetics as per the Mayo Stratification of Myeloma and Risk-Adapted Therapy 

(mSMART) guidelines (https://www.msmart.org). HR patients had any of the following 

genetic abnormalities: t(4;14), t(14;16), t(14;20), deletion 17p or p53 mutation, and/or gain 

1q.

Response assessment was based on the International Myeloma Working Group’s (IMWG) 

2016 consensus criteria 9. However, instead of using IFE, a more sensitive immunoglobulin 

enrichment-coupled with matrix-assisted laser desorption ionization time-of-flight mass-

spectrometry (MALDI-TOF), i.e., Mass-Fix, was used; Patients with Mass-Fix negative 

results were classified as having a complete response (MF-CR) and patients with a 90% 

reduction or greater but detectable monoclonal protein on Mass-Fix were classified as 

having a very good partial response (MF-VGPR). Additionally, to isolate the effect of ASCT 

on response, only the response within 100 days of ASCT were considered rather than relying 

on two consecutive results. Imaging as well as bone marrow aspiration and biopsy were 

done at the time of stem cell harvest and within 100 days post-ASCT. MRD was assessed 

in the bone marrow aspirate using the established Euro Flow protocol with sensitivity of 

10−5. Per institutional practice, NGF-based MRD testing was reflexively performed only if 

screening flow cytometry, with a sensitivity of 1 in 10−4, was negative for clonal plasma 

cells.

The primary outcome of the study was the rate of post-ASCT conversion to MRD negative 

MF-CR based on the pre-ASCT depth of hematological response. Secondary outcomes 

include the overall percentage of post-ASCT conversion from MRD positive to MRD 

negative status regardless of IMWG response and the impact of HR cytogenetics on 

probability of conversion to MRD negativity, and TTP. In our institution all patients with 

NDMM receive maintenance therapy post-ASCT. Patients with SR cytogenetics receive 

IMiD-based maintenance therapy starting at day 100 and patients with HR cytogenetics 

receive combination IMiD-PI maintenance at day 60. Patient demographics are presented as 

median with range for continuous variables and frequency with percentages for categorical 

variables. Statistical analysis was performed using the SAS biostatistical software JMP 

16.0.1 (SAS Institute Inc., Cary, NC). Differences between sub-groups were compared by 

using either the Chi-square test or Fisher exact test. Kaplan-Meier analysis was used to 

analyze and create TTP curves, and log rank test was used to compare subgroups.
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RESULTS

A total of 210 patients were included in this study cohort of which 126 (60%) were male 

with a median age of 62 years (range 33–77 years). Four (3%) patients were older than 75 

years. Of the 178 patients with FISH cytogenetics available at baseline, there were 78 (44%) 

with HR cytogenetics. The median follow-up post-ASCT was 33 months (range 1.6-45 

months). All patients received induction therapy containing at least a PI, 171 (81%) patients 

received a combination of a PI and immunomodulator together and 13 (6%) received a 

quadruplet regimen containing a PI, immunomodulator and anti-CD38 monoclonal antibody.

The median time from diagnosis to ASCT was 6 months (range 3-12 months). Based on 

standard IMWG response criteria prior to ASCT but after induction therapy, 23 (11%) had 

stringent MF-CR (sCR), 27 (13%) had MF-CR, 85 (40%) had MF-VGPR, 59 (28%) had PR, 

12 (6%) had MR and 4 (2%) had SD. Regardless of IMWG response, 49 (23%) patients 

achieved MRD negative status, of which 26 (53%) were in a MF-VGPR and 23 (47%) 

patients were in a MF-CR or MF-sCR. In the subsequent post-ASCT assessment, response 

depth increased to 66 (31%) with MF-sCR, 25 (12%) MF-CR, 85 (40%) MF-VGPR, 30 

(14%) PR, and 4 (2%) MR. Regardless of standard IMWG response, 102 (49%) patients 

achieved MRD negative status, of which 36 (35%) were in a VGPR and 66 (65%) patients 

were in a MF-CR or MF-sCR.

The proportion of patients in MRD negative MF-CR increased from 23 (11%) patients in the 

pre-ASCT setting to 66 (31%) patients in the post-ASCT setting (Figure 1). Two patients 

who were in a MRD negative MF-CR at the pre-ASCT time point were not MRD negative 

post-ASCT but were still in MF-CR. Of the 187 patients not in MRD negative MF-CR 

pre-ASCT, 45 (24%) converted to MRD negative MF-CR. Table 1 depicts the percent 

conversion to MRD negative MF-CR post-ASCT categorized by the best IMWG response 

achieved pre-ASCT. Patients with MRD positive MF-CR had the highest rate of conversion 

to MRD negative MF-CR, with 21/27 (78%) patients converting. In patients with MF-VGPR 

pre-ASCT, 20 (11%) were MRD negative, of which 6 (30%) converted to MRD negative 

MF-CR. Of the remaining 65 (35%) patients who were in a MF-VGPR and MRD positive, 

13 (20%) converted to MRD negative MF-CR. Finally, patients in less than a MF-VGPR 

(i.e., PR, MR or SD) had the lowest likelihood of converting to MRD negative MF-CR 

(5/75 or 7%). There was no difference in the proportion of patients in a MRD negative 

MF-CR pre-ASCT based on baseline FISH cytogenetics (SR: 8 patients or 8% vs. HR: 7 

patients or 9%). Similarly, when considering baseline FISH cytogenetics and its effect on 

the probability of converting to MRD negative MF-CR post-ASCT, there was no difference 

between SR and HR patients, i.e., of the 71 patients with HR cytogenetics who were not in 

a MRD negative MF-CR, 16 (23%) converted to MRD negative MF-CR post ASCT, and of 

the 92 patients with SR cytogenetics who were not in a MRD negative MF-CR, 21 (23%) 

converted to MRD negative MF-CR post ASCT.

At the time of analysis, 70 (33%) patients had evidence of disease progression and 25 (12%) 

patients died. In the post-ASCT setting, the median TTP was not reached for those patients 

who achieved MRD negative status in the bone marrow independent of IMWG response 

compared to a median 34 months for those who were MRD positive (p = 0.027) (Figure 2). 
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The median OS was not reached for either group. There was no difference in TTP between 

those patients who were in a MRD negative MF-CR compared to those who were in a 

MRD positive CR (40 months vs. not reached, p = 0.43). Among 85 patients who were in a 

MF-VGPR post ASCT, of 36 who achieved MRD negativity, 8 (22%) progressed, while out 

of the 49 MF-VGPR who had MRD positivity, 24 (49%) progressed (p = 0.014). The median 

TTP for the patients with MF-VGPR and MRD negative status was not reached compared to 

30 months for those who were MF-VGPR and MRD positive (p = 0.042) (Figure 3). Median 

OS was not reached for either group. Figure 4 compares the TTP outcomes post-ASCT by 

combining both MRD status in the bone marrow (positive, negative) and IMWG response 

(VGPR, ≥CR) and as patients with a MRD negative MF-VGPR have similar outcomes to 

those who are in a MF-CR, without regard to MRD status, but superior to those patients with 

a MRD positive MF-VGPR or less.

DISCUSSION

Our study reaffirms the benefit of an upfront ASCT by demonstrating an increased ORR 

and depth of response in real world patients who received induction with novel agents 

used in mostly triplet combinations. All the patients had at least a MR after ASCT, with 

the proportion of patients in MF-VGPR or better increasing from 64% to 84% and MRD 

negativity increasing from 23% to 49%.

Negative IFE is one of the distinguishing criteria between CR and VGPR 9; At Mayo Clinic, 

the more sensitive Mass-Fix is used instead of 1970’sIFE leading to a higher proportion 

of hematologic responses being classified as a VGPR rather than CR due to its higher 

sensitivity 14. Recently, MRD assessment has been incorporated into the IMWG response 

assessment criteria 9 and MRD negativity correlates with longer PFS and OS 9. Currently, 

MRD negative MF-CR is the deepest response attainable. In our patients with NDMM 

undergoing an upfront ASCT, the proportion of patients in MRD negative MF-CR rose 

from 11% to 31% post-ASCT. Our paper outlines the rates of conversion to MRD negative 

MF-CR based on the pre-ASCT response, with 78% converting from MRD positive MF-CR, 

30% from MRD negative MF-VGPR, 20% from MRD positive MF-VGPR, and less than 

10% in patients with PR or less. These results need to be validated by a larger sample and 

the use of Mass-Fix lowers the rate of conversion compared to standard IFE. Nonetheless, 

the proportion of patients converting from each response category may be useful for patient-

informed decision making and expectation management, especially as discrepancies between 

patient and physician expectations of transplant outcomes have been demonstrated 15.

Interestingly, patients with HR cytogenetics had similar rates of MRD negative MF-CR 

achievement after induction as well as post-ASCT conversion in our cohort, highlighting 

the benefit of ASCT in patients with NDMM regardless of baseline cytogenetic risk. Two 

patients in MRD negative MF-CR pre-ASCT remained in MF-CR but were MRD positive 

post ASCT, emphasizing the limitations of MRD assessment including the possibility of 

sampling errors or dilute samples obtained pre transplant. 16. This highlights the added 

prognostic value of sustained MRD negativity, which has been previously documented 17,18.

Ebraheem et al. Page 5

Transplant Cell Ther. Author manuscript; available in PMC 2022 November 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Although MRD negative MF-CR is the deepest response possible, there was no difference 

in the TTP between MRD positive and MRD negative patients in MF-CR in contrast to 

previous data by the PETHEMA group 19. However, similar to the data by the PETHEMA 

group, TTP in patients with MRD negative MF-VGPR was like the TTP in patients with a 

MRD negative MF-CR, whereas patients with MRD positive MF-VGPR had significantly 

shorter TTP. The discrepancies between studies could be due to the relatively short median 

follow up in our study. TTP was longer in patients who achieved MRD negativity regardless 

of standard IMWG response criteria (NR vs. 34 months, p=0.027) and this difference was 

also observed in patients with MRD negative MF-VGPR (NR vs. 30 months, p=0.042) 

where the rate of disease progression was higher in the MRD positive group compared to the 

negative group (22% vs. 49%. P=0.014). This difference was not observed in patients in MF-

CR, with TTP being similar among patients with MRD positivity and negativity. However, 

this may be related to the increased sensitivity of Mass-Fix, with patients achieving a MF-

VGPR who might have otherwise been labelled as a CR if traditional IFE was done 14,20. 

With increased sensitivity of Mass-Fix, up to 10 times greater than IFE 21, achievement of 

a MF-CR indicates a very deep response and the added prognostic value of MRD negativity 

was lost, albeit with a short follow up. The enhanced prognostic utility of serum Mass-Fix 

may supplant MRD negativity in the future, especially considering the ease of collecting 

serial serum samples compared to bone marrow samples.

Limitations of this study include short follow up and small sample size. Incorporation 

of MRD as part of the routine response assessment in MM was recent and data was 

available for only a small sample of patients with a short median duration of follow up. 

The heterogeneity in maintenance therapy post-ASCT could also affect the TTP outcomes 

observed in our cohort. Despite these limitations, this is the first study to provide the rates 

of conversion with upfront ASCT to the deepest responses in patients with NDMM based 

on pre-ASCT response. This carries important implications from both patient and clinician 

perspectives, for informed decision making. Longer follow up to assess PFS and OS is still 

needed, especially in the evolving landscape of multiple myeloma treatment, with some 

studies assessing CAR-T rather than ASCT consolidation and other studies investigating the 

role of therapy intensification or de-escalation based on MRD status.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights:

• Upfront ASCT more than doubled the rate of MRD negativity in patients with 

NDMM

• Patients with MRD+ CR were the most likely to achieve MRD− CR

• MRD negativity predicted improved OS and TTP, especially when Mass-Fix 

was positive

• MRD negativity didn’t affect TTP when Mass-Fix was negative (i.e. MF-CR)
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Figure 1: 
Distribution of patients among the different response categories pre and post ASCT.
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Figure 2: 
Kaplan Meier curves comparing the TTP for patients based on achieving MRD positive vs. 

MRD negative disease post-ASCT irrespective of IMWG response.
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Figure 3: 
Kaplan Meier curves comparing the TTP for patients based on achieving a MF-VGPR with 

either MRD positive vs. MRD negative disease post-ASCT.
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Figure 4: 
Kaplan Meier curves comparing the TTP for patients based on achieving a MRD negative 

MF-CR vs. MRD positive MF-CR vs. MRD negative MF-VGPR vs. MRD positive MF-

VGPR or worse post-ASCT.
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Table 1.

Percent conversion to MRD− CR post-ASCT by IMWG response achieved pre-ASCT

Pre-ASCT IMWG response N (%) Post-ASCT MRD(−) CR, N (%)

MF-CR MRD(−) 23 (11) 21 (91)**

MF-CR MRD(+) 27 (14) 21 (78)

MF-VGPR MRD(−) 20 (11) 6 (30)

MF-VGPR MRD(+) 65 (35) 13 (20)

PR 59 (32) 4 (7)

MR 12 (6) 1 (8)

SD 4 (1) 0 (0)

*
Percent(%) in column 3 represents proportion of patients converting in each category (row)

**
Two patients lost MRD negative status after ASCT but remained in CR
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