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Introduction: The optimal treatment for young patients with high-risk newly diagnosed multiple myeloma (NDMM) remains
a challenge.

Methods: We retrospectively evaluated 58 NDMM patients younger than 55 years treated in our center from 2010 to 2021 with the
current recommended protocols.

Results: After a median follow-up of 48 months, median overall survival (OS) was not reached; however, approximately 25% of them
died within 4 years after diagnosis. Advanced disease stage, presence of extramedullary disease, elevated LDH, and less than very
good remission before autologous hematopoietic stem-cell transplantation adversely affected patient survival. Based on these factors,
we created a risk-assessment scoring system that sufficiently discriminated young NDMM patients at risk of poor outcome. The 4-year
OS was superior for patients with zero to two factors to those with three to five factors (86% vs 44%, p<0.001).

Conclusion: The proposed scoring system could be reliably used at diagnosis and at interim disease evaluation in aiming for
personalized treatment for young NDMM patients.

Keywords: multiple myeloma, high-risk multiple myeloma, multiple myeloma risk assessment, young newly diagnosed multiple
myeloma patients

Introduction
Multiple myeloma (MM) is the second—most common hematological malignancy, accounting for approximately 13% of
all malignant hematological disorders." The current therapeutic protocols using combinations of novel agents (protea-
some inhibitors, immunomodulatory drugs, monoclonal antibodies) along with dexamethasone plus or without auto-
logous stem-cell transplantation (AHSCT) indisputably result in prolonged survival rates and better quality of life;
however, the disease remains incurable.”* The truth is that clinical trials with the innovative agents have been designed
with a focus on the median age of newly diagnosed MM (NDMM) patients, which is approximately 65-70 years.>”
However, 40% of NDMM patients are aged <65 years and around 15%—17% <55 years, which raises the question of
whether young NDMM (Y-NDMM) patients, especially those with high-risk disease, should be treated with the same
rationale as older patients or those with standard-risk MM. Also, how can Y-NDMM patients, who may need more
intensive treatment approaches, be easily and early identified?'®"°

In this retrospective study, we reviewed outcomes of NDMM patients who had been treated in our center with the current
recommended treatment protocols.'® ' Focusing on the clinical course and ultimate outcome in younger patients (<55 years),
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we created a risk-assessment scoring system (MM-RASS) based on just five easily assessable parameters (sex, serum lactate
dehydrogenase [LDH] levels, stage as per the International Staging System [ISS], presence of extramedullary disease [EMD],
and response to initial treatment), which were found to have a strong impact on survival rates. This novel MM-RASS was
validated in Y-NDMM patients (<55 years) and proved to be efficient and reliable in discriminating patients with poor
outcomes who might have benefited from more intensive treatment approaches.

Methods

Study Design

Following the Declaration of Helsinki for ethical principles and after King Fahad Specialist Hospital’s Institutional Review
Board approval, we retrospectively evaluated the records of 116 NDMM patients who had been treated in our department
during the last decade and had had a minimum of 6 months follow-up. All had signed informed-consent forms regarding the
diagnostic procedures, treatment approaches, and use of their clinical data for research purposes. Patients with asymptomatic/
smoldering MM, plasma-cell leukemia, or inadequate data regarding disease characteristics or disease response after the initial
treatment were excluded from the study. Patients considered too frail for treatment as per primary physician assessment (based
on age, comorbidities, and inability to tolerate duplet or triplet therapies) were also excluded from the study. Because
a considerable number of patients had missing cytogenetic/molecular data, for statistical analysis purposes, we used the
International Staging System (ISS) instead of the revised ISS (R-ISS).'™'! All patients received initial treatment with
combinations of a proteasome inhibitor (bortezomib) plus immunomodulatory drugs (lenalidomide or thalidomide) or
cyclophosphamide with dexamethasone with or without AHSCT. Disease response was evaluated after three or four cycles
of treatment, and remission status was defined as per International Myeloma Working Group (IMWG) criteria.*>

Statistical Analysis

SPSS version 22 was used for the statistical analysis. The Kaplan—-Meier method with log-rank test and Cox regression
analysis, crosstabs, and Student’s independent 7-test were used to estimate survival rates and to identify potential risk
factors for patient outcomes. Overall survival (OS) was defined as the duration from the day of diagnosis until death or
the date of last follow-up for surviving patients. Relapse/progression was defined as the period from treatment initiation
till the first documentation of disease recurrence, while progression-free survival was defined as the period from
treatment initiation till the first documentation of disease recurrence or the last follow-up for non-relapsed/progressed
patients. For the purposes of this study, disease reappearance within 18 months post—treatment initiation was defined as
early relapse/progression. Non—disease-related mortality (NDRM) was defined as any cause of death other than related to
refractory MM. Patients’ sex, age, LDH levels, ISS stage, cytogenetic profile, presence of EMD at diagnosis, response to
initial treatment, and early relapse were analyzed as risk factors affecting the survival rates. Factors with missing data for
>20% of patients were not incorporated in the statistical analysis.

Patient Characteristics

In all, 67 male and 49 female NDMM patients who fulfilled the aforementioned criteria were included in the analysis. Median
age at diagnosis was 55 (30-85) years. The male:female ratio was 1.3:1. A total of 25 patients had elevated LDH levels, eleven
poor cytogenetic characteristics at diagnosis (del[17p] four, del[13q] five, t[4;14] two), whereas for 23 (20%) karyotypic
analysis either failed or was not available. According to the ISS, 51 were assessed as stage 111, 47 as stage II, and 17 as stage
1. Among stage III patients, 13 had LDH in upper to normal ranges (reference lab values 125-220 IU/L), two had poor
cytogenetic characteristics (17p[del]), while for five, karyotypic analysis had failed. Based on the R-ISS, eleven patients had
stage I, 78 stage II and 16 stage III, while for eleven patients, staging was not able to be calculated as per the R-ISS due to
unavailable data. Twelve (10%) patients presented with EMD at diagnosis, which was confirmed by imaging tests (CT, MRI,
or PET/CT) and from tissue biopsy if feasible. IgG isotype (83/116) and k light chain (78/116) were the dominant MM
subtypes. We did not find any statistical difference between younger and older (than 55 years) NDMM patients regarding sex,
disease stage, EMD presence, high LDH levels, high 3, microglobulin (B2M) levels or high-risk cytogenetics. However, in the
group of patients >55 years old, a significantly higher number had albumin levels <3.5 g/dL at disease diagnosis (Table 1).
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Table | Patient and disease characteristics, treatment approaches, and response to treatment for all
patients (n=116) patients and those aged <55 years and >55 years

Total Patients aged Patients aged p
(n=116) <55 years (n=58) >55 years (n=58)
Age (median) 55 years 46.5 years 65.5 years
Sex
Male 67 30 37 ns
Female 49 28 21
LDH
Upper normal 25 14 I ns
Within normal 88 43 45
High-risk cytogenetics I 7 4 ns
Albumin
>3.5 g/dL 34 26 8 <0.0001
<35 g/dL 80 32 48
EMD
Yes 19 9 10 ns
No 96 48 48
B2M
235 76 41 35 ns
<55 39 17 22
Stage (ISS)
-l 64 34 30 ns
n 51 24 27
MM subtype
1sG 83 41 42
IgA 14 5 9
FLC 16 10 6 ns
k-LC 78 39 39
A-LC 35 17 18
Nonsecretory 2 | |
CCT
VRD 53 26 27
VCD 31 17 14
VTD 7 5 2
VD 16 10 6 ns
RD 5 — 5
Other 4 — 4
ORR
Yes 96 51 45 ns
No 20 7 13
CR + sCR 43 22 21 ns
2VGPR 71 36 35
<VGPR 46 23 23
AHSCT (conditioning regimen: high-dose
melphalan)
Yes 74 53 21 <0.001
No 42 5 37

Abbreviations: EMD, extramedullary disease; B2M, 3, microglobulin; ISS, International Staging System; ORR, overall response rate; FLC,
free light chain; CCT, conventional chemotherapy; VRD, bortezomib—lenalidomide—dexamethasone; VCD, bortezomib—cyclophospha-
mide—dexamethasone; VTD, bortezomib—thalidomide—dexamethasone; BD, bortezomib—dexamethasone; RD, lenalidomide-dexametha-
sone; VGPR, very good partial remission; AHSCT, autologous stem-cell transplantation.
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Treatment Approaches

The majority of patients received a median four (three to 12) cycles of combined therapy with bortezomib, lenalidomide,
and dexamethasone (VRD; n=53), bortezomib, cyclophosphamide, and dexamethasone (VCD, n=31), bortezomib,
thalidomide, and dexamethasone (VDT, n=7), or bortezomib or lenalidomide plus dexamethasone (n=21). As per the
treatment plan, early AHSCT was offered to all eligible and fit-enough individuals (shown in Table 1).

Results
At data-collection cutoff, median follow-up for the surviving patients was 48 (6.5—132) months. The overall response rate
(ORR) after frontline treatment was 83%: 43 (37%) achieved stringent complete remission (sCR) or CR, 28 (24%) very
good partial remission (VGPR), 26 (22%) PR, and 20 (17%) were assessed as having stable or progressive disease.
Eventually, 74 of 116 (65%) patients underwent early ASCHT. The reasons for not performing ASCHT were age >70
years (15%, n=17), disease refractoriness (9%, n=10), severe comorbidities, or patient refusal (13%, n=15; Table 1).
Median OS was not reached, and projected 4- and 8-year OS was 67% and 51%, respectively. Median time to disease
relapse/progression was 46 months, while the 4- and 8-year probability of disease recurrence was 52% and 75%,
respectively (Figure 1A and B). For the whole cohort (n=116), on univariate analysis, advanced stage (ISS stage III),
elevated LDH levels, response of less than VGPR pre-AHSCT, presence of EMD at diagnosis, and early disease relapse/
progression had an adverse impact on survival rates, while disease recurrence was negatively affected only by less than
VGPR achievement pre-AHSCT (shown in Table 2A). On multivariate analysis, only LDH level upper to normal was found
to be an independent factor for inferior long-term OS, whereas age >55 years and achievement of less than VGPR pre-
AHSCT adversely influenced disease relapse/progression. Finally, 38 patients died. A majority of them (31 of 38, 82%)
succumbed to uncontrolled disease and seven died from NDR causes. The 10-year NDRM rate was estimated to be 6%.
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Figure | (A) Overall survival for the total cohort of patients (n=116, solid line) and those aged <55 years (n=58, dotted line), and >55 years (n=58, dashed line). (B)
Relapse/progression of disease for the total cohort of patients (n=116, solid line), and those aged <55 years (n=58, dotted line) and >55 years (n=58, dashed line).
Abbreviations: NR, not reached; mos, months.

622

https:

Dove!

Journal of Blood Medicine 2022:13


https://www.dovepress.com
https://www.dovepress.com

Dove

Kaloyannidis et al

Table 2 Univariate and multivariate analysis of factors affecting survival and disease/progression incidence in multiple

myeloma patients

A. Univariate analysis

B. Univariate analysis

Survival Relapse/progression

Relative risk (95% CI) P Relative risk (95% CI) P
Age >55 years 1.10 (0.85-1.4) 0.2 1.03 (0.70-1.50) 0.5
Female sex 1.17 (0.89-1.53) 0.16 1.13 (0.76-1.68) 0.32
Advanced stage (ISS:3) 1.31 (0.99-1.79) 0.03 1.38 (0.92-2.08) 0.07
LDH upper normal 2.14 (1.30-3.51) 0.006 1.26 (0.86—1.84) 0.18
EMD at diagnosis 1.80 (1.06-3.06) 0.04 1.15 (0.75-1.78) 0.35
<VGPR achievement pre-AHSCT 1.31 (0.98-1.7) 0.03 1.64 (1.05-2.50) 0.014
Early relapse 3.44 (1.9-6.12) <0.001
No AHSCT 1.38 (0.78-2.4) 0.2 0.97 (0.6—1.6) 0.6

C. Multivariate analysis

Survival Relapse/progression
Relative risk (95% CI) P Relative risk (95% CI) P

Female sex 1.45 (1.01-2.08) 0.05 1.6 (0.91-2.80) 0.045
Advanced stage (ISS IlI) .51 (1.01-2.21) 0.021 1.30 (0.74-2.3) 0.24
LDH upper normal 2.38 (1.09-5.22) 0.04 1.83 (1.17-2.85) 0.02
EMD at diagnosis 1.64 (0.69-3.80) 0.0l 1.10 (0.65-2.10) 0.03
<VGPR achievement pre-AHSCT 0.99 (0.66—1.29) 0.44 1.04 (0.65-1.80) 0.54
Early relapse 1.51 (0.69-3.31) 0.23

No AHSCT 0.87 (0.54-1.40) 0.53 1.25 (0.41-3.78) 051
MM-RASS 1.85 (1.0803.1) <0.001 1.78 (0.83-3.41) 0.02

Survival Relapse/progression
Hazard ratio (95% CI) P Hazard ratio (95% CI) p

MM-RASS 4.59 (1.58-13.3) 0.004 2.46 (1.11-5.43) 0.031
Female sex 7.10 (1.6-30.05) 0.002 2.3 (0.88-6.27) 0.086
Early relapse 0.032 (0.005-017) < 0.001

Advanced stage (ISS III) 2.6 (0.41-15.41) 0.28 1.88 (0.62-5.69) 0.26
LDH upper normal 0.40 (0.039—4.20) 0.45 0.43 (0.13-3.89) 0.16
EMD at diagnosis 0.1 (0.014-2.30) 0.1 1.10 (0.65-2.10) 0.13
<VGPR achievement pre-AHSCT 1.2 (0.17-8.86) 0.83 1.00 (0.37-2.68) 0.54
No AHSCT 0.64 (0.27-15.5) 0.80 8.5 (1.80—40.03) 0.007

Notes: A: Whole cohort. B: Patients aged <55 years. C: Patients aged <55 years. MM-RASS demonstrated as an independent significant factor for both
survival rates (along with sex and relapse/progression within 18 months postdiagnosis) and relapse/progression incidence (along with AHSCT).

Abbreviations: ISS, International Staging system; LDH, lactic acid dehydrogenase; EMD, extramedullary disease; MM-RASS, multiple myeloma
risk-assessment scoring system; VGPR, very good partial remission; AHSCT, autologous stem-cell transplantation.
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Patients <55 Years Old

A total of 58 patients were aged <55 years at the time of disease diagnosis: 48 (83%) received VRD (n=26), VCD (n=17),
or VID (n=5), and ten (17%) received only the VD combination (Table 1). The ORR was superior for patients aged <55
years (88% vs 78%); however, this difference was not statistically significant (p=0.15), while sCR and CR rates were

similar (38% vs 36%; Table 1). Given their fitness and the lower incidence of comorbidities, it was expected that the vast
majority of patients <55 years (n=53, 91%) underwent AHSCT.

All in all, 29 patients found to have disease progression/recurrence (either biochemically only or along with clinical
symptoms) after a median of 49 months. The 4- and 8-year probability of disease relapse/progression was 47% and 79%,
respectively (Figure 1B). Patients with clinical symptoms or who had only biochemical relapse/progression but experienced
fast disease turnover were salvaged with combinations of carfilzomib plus pomalidomide, while lenalidomide was used for
those patients who did not receive lenalidomide as frontline treatment. Only a minority of relapsed/progressed patients
received daratumumab-based regimens, since this agent has been available for only the last 3 years in our center.

Median OS for the subgroup of patients aged <55 years was not reached, while 4- and 8-year OS was only marginally
superior thano those >55 years (75% vs 61% and 53% vs 50%, respectively, p=0.3; Figure 1A). However, based on the
OS analysis, it was also conspicuous that a considerable number of the younger patients (eleven of 58) died within 4
years after diagnosis. The 4-year probability of death was estimated to be 25%, and in nine of eleven, death was
attributed to uncontrolled MM. Median time from disease recurrence to death was 18.5 (3—31) months, despite the fact
that they were salvaged with worldwide recommended therapeutic protocols. Two patients died from NDR causes
(SARS-CoV-2 and car accident).

Contributing Factors in Survival of NDMM Patients <55 Years Old and Risk-

Assessment System

Similarly to previously published studies, in our group of Y-NDMM patients, advanced disease stage (ISS III), LDH levels
higher than the upper normal limit, and EMD at diagnosis were identified as negatively contributing factors to prolonged
survival.'%!"'?*2% Although the male preponderance in MM patients is a well-known phenomenon, in patient aged <55
years, the male:female ratio was similar (30:28).'” However, an interesting finding was that young female
patients demonstrated significantly inferior survival rates to male patients, with projected 4- and 8-year OS of 65% vs
76% and 35% vs 76%, respectively (p=0.05). Karyotypic analysis was available for almost 90% of patients <55 years old.
Only seven (12%) had high-risk karyotypes, and presumably for this reason high-risk cytogenetics unexpectedly showed no
impact on OS in this group of patients. Nevertheless, five of seven with high-risk cytogenetics relapsed in a median of 20 (3—
33) months. Based on these clinical findings, we created a novel risk-assessment system for Y-NDMM patients (MM-RASS),
using five risk factors: female sex, LDH levels higher than the normal limit, EMD at presentation, ISS stage III, and less than
VGPR achievement prior to AHSCT. Although in patients aged <55 years, achievement of VGPR prior to AHSCT showed
no statistically significant impact on survival rates, we chose to incorporate the response rates after frontline treatment in the
proposed MM-RASS as an indicator of disease kinetics.”*>* With regard to OS, no significant differences were found for
patients with zero, one, or two factors; however, for those with more than two factors, the outcome was extremely dismal.
Therefore, we separated patients in two groups: those with zero to two factors (n=40, favorable group) and those with three or
more factors (n=18, unfavorable group). The favorable group achieved significant better 4- and 8-year OS of 86% and 70%,
respectively, and median OS was not reached, while for the unfavorable group 4- and 8-year OS was 44% and 18%,
respectively, and median OS estimated to be 46 months (p<0.001, Figure 2A). More importantly, in the Cox proportional
hazard model, the MM-RASS emerged as an independent predictive factor for prolonged survival (p=0.004, Table 2C). The
MM-RASS was also studied as a predictive factor for disease recurrence. On univariate analysis, median time to relapse/
progression was 2.5-fold shorter for the unfavorable group than the favorable group (25 vs 60 months, p=0.02), while
on multivariate analysis the MM-RASS proved also to be an independent prognostic factor for disease relapse/progression
(p=0.031, Figure 2B and Table 2C).
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Figure 2 (A) Overall survival for patients aged <55 years according to the MM-RASS: total cohort (n=58, solid line), favorable score (n=40, dotted line), and unfavorable
score (n=18, dashed line). (B) Relapse/progression of disease for patients aged <55 years according to the MM-RASS: total cohort of patients (n=58, solid line), favorable
score (n=40, dotted line), and unfavorable score (n=18, dashed line).

Abbreviations: NR, not reached; mos, months; MM-RASS, multiple myeloma risk-assessment scoring system.

Comparison Between ISS and MM-RASS

Five patients who had been assessed with non-advanced disease (ISS stage I or II) were escalated to the unfavorable
group as per the proposed MM-RASS: three of five (60%) died early due to disease relapse/progression at 20, 30, and 32
months postdiagnosis. On the other hand, eleven patients with advanced disease (ISS III) were de-escalated to the
favorable group as per the MM-RASS, and interestingly only three of eleven (27%) succumbed to relapse/progression at
46, 55, and 84 months after disease diagnosis. Survival rates were similar for the non-high-risk patients (ISS I-II or
favorable MM-RASS). Median OS was not reached for either system, 4-year OS was 80% vs 86% and 8-year OS was
75% vs 70% for the ISS and MM-RASS, respectively. For high-risk patients (ISS III or MM-RASS unfavorable), median
OS was 55 vs 44 months, 4-year OS 56% vs 44%, and 8-year OS 26% vs 18% for the ISS and MM-RASS, respectively
(»p=0.25, Figure 3A). Although the MM-RASS discriminated patients at high-risk for relapse/progression better than the
ISS (4- and 8-year relapse/progression incidence 68% vs 80% and 84% vs 90% and median time for disease relapse/
progression 34 months vs 25 months for ISS III and MM-RASS unfavorable, respectively), this superiority was not
statistically significant (p=0.3, Figure 3B).

Discussion

The advent of novel agents has completely altered the clinical course of MM, improving patients’ quality of life and
survival rates; however, they have failed to put an end to the typical course of repeated relapses, which inevitably lead to
death due to uncontrolled disease. Since MM is typically a disease of elderly people, scant data exist regarding the long-
term efficacy of the currently used treatment protocols for Y-NDMM patients, especially for those with high-risk
characteristics. In our study group, the median age of 55 years was lower than the reported median age in other
published studies from the US and Europe, apparently because <5% of Saudis are aged >65 years, while the vast majority

of patients had been treated with the current recommended protocols.'® !
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Figure 3 (A) Overall survival for patients with ISS |-l (n =34, solid line) and ISS Il (n=24, dashed line) versus patients with favorable MM-RASS score (n=40, dotted line) and
unfavorable MM-RASS score (n=18, dot/dashed line). The differences were not statistically significant. (B) Relapse/progression of disease for patients with ISS |-l (n =34,
solid line) and ISS IIl (n=24, dashed line) versus patients with favorable MM-RASS score (n=40, dotted line) and unfavorable MM-RASS score (n=18, dotted/dashed line). The
differences were not statistically significant.

Abbreviations: NR, not reached; mos, months; ISS, International Staging System; MM-RASS, multiple myeloma risk-assessment scoring system; Fav, favorable; Unfav,
unfavorable.

It is ambiguous whether Y-NDMM patients have different disease characteristics from older patients. In the largest
published study, which evaluated more than 10,000 NDMM patients, female sex, advanced ISS stage, elevated B2M, and
low albumin were more frequent in patients aged >50 years, while LDH levels did not differ significantly between the
two groups.’ In our study, though with a smaller patient series, we did not observe any significant differences between
patients younger or older than 55 years in terms of sex, advanced stage, B2M, levels of LDH, or presence of EMD at
diagnosis, and we only observed low albumin levels more often in patients aged >55 years.

In disagreement with other studies, we observed only slightly better OS for patients aged <55 years than those aged
>55 years.*>® Possible explanations for this marginal OS superiority could be that the treatment protocols used were
effective enough to get over the adverse impact of older age and that only 25% of our patients were older than 65 years.
In the few studies designed for young patients, the only available data regarding the impact of novel agents on the
outcome of younger patients come from studies with AHSCT-eligible patients.'” Undoubtedly, over the last few years OS
has been prolonged to 7-10 years for transplant-eligible individuals. However, looking at the opposite edge of the
survival curves, the indisputable fact is that even for this favorable age-group, the probability of death within 4-5 years
post-MM diagnosis is approximately 20%-30%.%>*° In Ludwig et al study, autografted patients with aged <50 years
demonstrated 4-year probability of death of approximately 30%. Nevertheless, it should be noted that patients were
treated between 1981 and 2002 and thus novel triplet or quadruplet combinations were not in use.>> Similarly, in a more
recent multicenter study on NDMM up to 30 years, the 5-year risk of death was approximately 23%, but the evaluation
period was 1989-2016, so the currently used treatment protocols were not available for a considerable number of
patients.*® In another study from Israel on a small series of Y-NDMM patients who received bortezomib-based therapy,
eventually all patients relapsed shortly after treatment in a median 12 months. No deaths were reported, but it should be
kept in mind that follow-up of the surviving patients was not mentioned in the study.*'

In our study with 58 patients aged <55 years treated with widely accepted triplet therapies and salvaged with novel
agents and with quite prolonged follow-up, we found that the probability of death within 4 years post-diagnosis was 25%.
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This result confirms that the heterogeneity of disease outcome is not only a characteristic of older but also of younger
patients. On uni- and multivariate analyses, we found that female sex, elevated LDH, presence of EMD at diagnosis, and
ISS stage III after frontline treatment were strongly associated with poor outcomes. Disease response of less than VGPR
after initial treatment was also associated with inferior survival rates, though with no statistical significance, probably due
to the number of patients and/or because of therapies given to control relapsed disease post-AHSCT.

Data on the impact of patient sex on outcomes in MM are conflicting. A survey from the UK and an analysis from the
International Myeloma Working Group reported similar survival rates for male and female MM patients.'®*> However, in
the MRC Myeloma IX phase III clinical trial that evaluated 1,960 patients, significantly better median OS for male
patients was observed (49.9 vs 44.8 months, p=0.02). The inferior survival of female patients was correlated with higher
prevalence of poor prognosis and cytogenetic abnormalities.*? In our whole cohort (n=116), patient sex had no significant
impact on survival or relapse/progression (Table 2A), but in Y-NDMM patients, similarly to the MRC Myeloma IX trial,
female patients had poorer outcomes (Table 2B and C).

Elevated LDH levels suggest aggressive disease and usually indicate extramedullary and/or extraosseous MM, which is
associated with shorter 0S.""**** In our Y-NDMM group, high LDH was correlated with a strong trend for inferior
outcomes (Table 2A and B). There is increasing evidence that EMD represents a poor prognostic factor in MM. Although
satisfying responses can be achieved with novel agent combinations, they are not sustainable and relapses are common, even
after consolidation with AHSCT.>> %7 In our patient series, in agreement with previous reports, the presence of EMD at
diagnosis was associated with poor prognosis. It is generally accepted that achievement of CR or VGPR before AHSCT is not
a mandatory objective for prolonged OS, but it has also been well documented that the deeper the response prior AHSCT, the
better the outcome.**>**3 We found that the achievement of at least VGPR was a favorable predictor of prolonged survival in
both the whole group and <55-year-old patients, though it was not statistically significant (Table 2A—C).

An advantage of our proposed MM-RASS is that all the factors are easily assessable in any hematology center, not
requiring special or laborious processing. A limitation could be the nonincorporation of cytogenetics or molecular
characteristics in the proposed system. The high number of patients (20% of the whole cohort) lacking cytogenetic
profiles did not allow us to incorporate cytogenetics in the proposed MM-RASS.'® This fact, at least partially, reflects the
difficulty of analyzing cytogenetically NDMM patients because of the low proliferation rate of the malignant clone.**
The sensitivity of interphase fluorescence in situ hybridization analysis does not require cell proliferation, but is
sometimes affected by the low percentage of malignant plasma cells in whole-bone marrow samples. Therefore, for
accurate cytogenetic/molecular results, more specific, laborious, and costly methods are required, which are eventually
infeasible for several centers lacking specialized laboratory and experienced staff.*>4¢

The MM-RASS showed better predictability of OS and relapse/progression incidence than the ISS, though the
differences were not statistically significant. A plausible explanation for the better discrimination with the MM-RASS
could be that two more factors with well-documented impact on MM outcome are additionally incorporated in the MM-
RASS: EMD presence at diagnosis and response after frontline treatment, which reflects disease kinetics.”>**
Moreover, since the proposed MM-RASS takes into account disease response prior to AHCT (three to four cycles

following initial treatment), it could be used as a reliable interim risk-assessment system during the treatment course.

Conclusion

This retrospective analysis of 58 patients aged <55 years represents one of the few studies of Y-NDMM patients who
have been treated with the currently recommended triplet or doublet therapies. Our results confirm that even in the
contemporary era of MM treatment, the appropriate therapy for a considerable number of Y-NDMM patients remains
a major challenge. The MM-RASS we propose herein, which is exclusively targeted at Y-NDMM patients,
shows remarkable strength in discriminating younger patients at higher risk of dismal outcomes. The MM-RASS merits
further investigation and validation in larger series of patients and could potentially serve as an additional tool not only
for initial but also for interim risk assessment, thus increasing the capability of early identification of high-risk Y-NDMM

patients who are candidates for more intensive treatment approaches.
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