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Abstract
The International MyelomaWorking Group has proposed the Revised International Staging System (R-ISS) for risk stratification
of multiple myeloma (MM) patients. There are a limited number of studies that have validated this risk model in the autologous
stem cell transplant (ASCT) setting. In this retrospective study, we evaluated the applicability and value for predicting survival of
the R-ISS model in 134 MM patients treated with new agents and ASCT at the Mayo Clinic in Arizona and the University
Hospital of Salamanca in Spain. The patients were reclassified at diagnosis according to the R-ISS: 44 patients (33%) had stage I,
75 (56%) had stage II, and 15 (11%) had stage III. After a median follow-up of 60 months, R-ISS assessed at diagnosis was an
independent predictor for overall survival (OS) after ASCT, with median OS not reached, 111 and 37 months for R-ISS I, II and
III, respectively (P < 0.001). We also found that patients belonging to R-ISS II and having high-risk chromosomal abnormalities
(CA) had a significant shorter median OS than those with R-ISS II without CA: 70 vs. 111 months, respectively. Therefore, this
study lends further support for the R-ISS as a reliable prognostic tool for estimating survival in transplant myeloma patients and
suggests the importance of high-risk CA in the R-ISS II group.
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Introduction

Since the introduction of proteasome inhibitors (PIs), immuno-
modulatory (IMIDs) drugs, and other novel agents, a

continuous improvement of survival has been shown in multi-
ple myeloma (MM), predominantly in younger patients [1, 2].
Novel agent-based induction, followed by high-dose melphalan
and autologous stem cell transplantation (ASCT) is the standard
of care for newly diagnosed, transplant-eligible, MM patients
based on randomized trials showing improved progression-free
survival (PFS) and overall survival (OS) [3–7].

MM is a heterogeneous disease with variability in response
to treatment and survival due to the interaction between host
factors and those intrinsic to disease biology [8]. In this set-
ting, there is a continued need for and interest in devising
reliable prognostic tools, not only in order to provide the ac-
curate prognostic information possible to patients but also for
adopting risk-adapted strategies to improve their survival and
quality of life.

Several risk-stratification models have been developed. In
2005, the International Staging System (ISS) emerged, based
solely on the serum albumin and β2-microglobulin concen-
tration. Although the ISS has been widely validated, its prog-
nostic value in the era of novel agents and transplant settings
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needs to be readdressed [9–11]. Evaluation of cytogenetic
abnormalities (CA) and levels of lactate dehydrogenase
(LDH) are important as these reflect disease biology, and both
markers have independent prognostic value [12, 13]. Several
studies have shown that high-risk CA, such as the presence of
chromosome 14 translocations or 17p abnormalities, are the
most important prognostic biomarkers in MM patients
[14–16]. Other studies proposed a risk stratification model
based on the combination of both host and disease factors:
ISS and CA [17, 18] or LDH [19]. Finally, a new Revised-
International Staging System (R-ISS) was developed by the
International Myeloma Working Group (IMWG) that

integrates the aforementioned ISS, LDH, and high-risk CA,
resulting in three groups with different outcomes [20].

However, there is limited data on the applicability of this
prognostic model in the setting of novel induction therapy
followed by ASCT. Thus, the aim of this study is to determine
whether the new R-ISS is a valid risk model for predicting
survival in a cohort of unselected transplant MM patients,
treated at Mayo Clinic in Arizona and the University
Hospital of Salamanca in Spain. We show that R-ISS model
allows a more accurate stratification of the transplant patients,
identifying a high-intermediate risk group based on the pres-
ence of high-risk CA in the R-ISS II group.

Methods

We retrospectively studied a cohort of newly diagnosed
MM patients who underwent ASCT and were followed up
at Mayo Clinic in Arizona and University Hospital of
Salamanca in Spain from January 2005 to December
2014. Both Institutional Review Boards approved the study
and it was performed in accordance with the Declaration of
Helsinki. Informed consent was obtained from all individ-
ual participants included in the study. To be eligible, we
required a complete dataset including ability to determine
ISS, LDH, and CA. Since these institutions are tertiary re-
ferral centers many patients were excluded as fluorescence
in situ hybridization (FISH) was either not done, done with-
out selection of plasma cells by cell separation or cIg tech-
nique, or LDH or β2-microglobulin data were lacking.
Patients were often seen after induction therapy had been
initiated by the referring physicians and obtaining testing
for FISH at that point is not informative. All patients were
required to have PI- or IMIDs-based therapies as induction
treatment.

Baseline data were collected by searching at medical re-
cords database of Mayo Clinic and University Hospital of
Salamanca and included data required for the assignment of
the R-ISS described by Palumbo et at. [20]. Serum LDH level
was classified as normal or high according to the normal range
given by the local laboratory. High LDH was defined as
higher than the upper limit of normal range and normal
LDH was defined as a serum level lower than the upper limit
of normal. Cytogenetic evaluation was performed by FISH as
previously published [12, 14]. Response to treatment was
evaluated according to International uniform response criteria
for MM 2006 [21].

The primary and secondary endpoints were OS and PFS
from ASCT, respectively. OS was considered the time from
date of transplantation to death. PFS was defined as the time
from date of transplantation to relapse, progression or death,
regardless of cause. Patients without a recorded progression or
death date were censored for PFS or OS at their last follow-up.

Table 1 Baseline characteristics of 134 myeloma patients who
underwent autologous stem cell transplantation (2004–2014)

Characteristics Myeloma patients
(n = 134)

Male/female, no. (%) 70 (52.2)/64 (47.8)

Age at diagnosis, median years (range) 62.1 (29.4–78.5)

Heavy chain type, no. (%):

IgG 78 (58.2)

IgA 24 (17.9)

BJ 29 (21.6)

Non-secretory MM 2 (1.5)

Ig D 1 (0.7)

Light chain type

kappa, no. (%) 94 (70.1)

lambda, no. (%) 40 (29.9)

Serum M-protein, median mg/dL (range) 3.0 (0–9.9)

% BM PC by morphology, median (range) 38.0 (1–100)

Anemia, no. (%) 48 (36.1)

Renal insufficiency, no. (%) 15 (12.4)

Bone lesions, no. (%) 102 (76.1)

ISS stage, no. (%)

I 62 (46.2)

II 38 (28.3)

III 34 (25.5)

Β2 microglobulin, median (range) 3.3 (1.3–18.0)

High LDH, no. (%) 17 (12.7)

High- risk CA, no. (%) 39 (29.3)

del17p 18 (13.6)

t(4;14) 17 (12.8)

t(14;16) 7 (5.3)

R-ISS stage, no. (%)

I (ISS I + standard CA + normal LDH) 44 (32.8)

II (neither I nor III) 75 (56.0)

III (ISS III with high-risk CA and/or high LDH) 15 (11.2)

BJ Bence Jones myeloma,MM multiple myeloma, yr. years, no number,
BM PC bone marrow plasma cells, ISS International Staging System,
LDH lactate dehydrogenase, CA chromosomal abnormalities, R-ISS
Revised International Staging System
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Survival curves were plotted by Kaplan-Meier method, with
differences assessed with the log-rank test. Effects of potential
risk factors of progression were analyzed in a Cox proportion-
al hazards model. The chi-square, t student and Mann-
Whitney U tests were used to estimate the statistically signif-
icant differences among baseline characteristics. P values
were considered at the conventional 5% significance level.
All statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 22.0. Armonk, NY: IBM
Corp.

Results

Patient characteristics

In all, 134 patients had complete data and subsequently were
included in the study. A total of 92 out of 509 patients who
consecutively underwent ASCT at Mayo Clinic and 42 out of
107 from the University Hospital of Salamanca. The baseline
characteristics are summarized in Table 1. There were 70
(52%) men and 64 (48%) women. The median age at diagno-
sis was 62 years (range, 29–78 years), and 41 (45%) patients
were older than 65 years at the time of ASCT. Fifteen (11%)
patients presented with renal impairment (RI) at the time of
diagnosis.

According to ISS, 62 (46%) patients had stage I, 38 (28%)
stage II, and the remaining 34 (25%) stage III disease at diag-
nosis. In addition, there were 39 patients (29%) with high-risk
CA: 18 patients (14%) with del17p; 17 patients (13%) with
t(4;14); and 7 (5%) with t(14;16). Seventeen patients (13%)
had high LDH levels. Consequently, patients were re-staged at
diagnosis according to the R-ISS, resulting 44 patients (33%)
with stage I, 75 (56%) with stage II, and 15 (11%) with stage
III. Thus, 18 patients previously categorized as having low
risk (ISS I) and 15 patients as high risk (ISS III) were
reclassified as intermediate risk (R-ISS II), according to the
new revised staging system (Table 2).

ASCT features and treatment response

Median time from diagnosis to ASCTwas 6.7 months (range
4–69months, Table 3). All patients received induction therapy

Table 2 Clinical features according to R-ISS stage at diagnosis

Features No. (%) R-ISS I
n = 44
no. (%)

R-ISS II
n = 75
no. (%)

R-ISS III
n = 15
no. (%)

P value

Male 70 (52.2) 25 (56.8) 37 (49.3) 8 (53.3) NS

Age ≥ 65 yr at diagnosis 41 (44.6) 11 (34.3) 27 (54.0) 3 (30.0) NS

ISS

I 62 (46.3) 44 18 0 –

II 38 (28.3) 0 38 0

III 34 (25.3) 0 19 15

Anemia at diagnosis 48 (35.8) 6 (13.6) 30 (40.0) 12 (80.0) < 0.001

Bone lesions at diagnosis 102 (76.1) 35 (79.5) 58 (77.3) 9 (60.0) NS

Renal impairment at diagnosis 15 (11.2) 0 9 (12.0) 6 (40.0) < 0.001

IgA MM 22 (16.4) 4 (9.0) 11 (14.7) 7 (46.7) NS

CR before ASCT 43 (32.1) 15 (34.1) 22 (33.3) 6 (40.0) NS

CR after ASCT 72 (53.7) 24 (54.5) 41 (54.6) 7 (46.7) NS

Maintenance treatment 65 (51.2) 25 (59.5) 33 (46.5) 7 (50.0) NS

R-ISS revised International Staging System,NS no significant, yr years, ISS International Staging System,MMmultiplemyeloma,CR complete response,
ASCT autologous stem cell transplantation, no. number of cases

Table 3 Characteristics of Autologous stem cell transplantation, Mayo
Clinic (Arizona) and University Hospital of Salamanca (2004–2014)

Characteristics MM (n = 134)

Time from diagnosis to ASCT, median months (range) 6.7 (3.7–69.1)

Age at ASCT, median years (range) 62.1 (29.4–78.5)

≤ 65, no. (%) 54 (40.3)

> 65, no. (%) 80 (59.7)

Number of induction schemes received,
median (range)

1 (1–7)

1, no. (%) 111 (82.8)

≥ 2, no. (%) 23 (17.2)

CD34+ cells Dose Infused, × 106/kg median, (range) 3.9 (1.2–10.8)

Melphalan conditioning regimen, no (%) 131 (97.8)

Time to ANC > 500/μL, days, median (range) 11.4 (5.0–19.0)

Time to platelets > 20,000/μL, days, median (range) 16.6 (7.0–34.0)

Graft failure, no. (%) 1(1)

ASCT autologous stem cell transplantation, MM multiple myeloma, no.
number, ANC absolute neutrophil count, μL microliter

Ann Hematol (2018) 97:1453–1462 1455



before ASCT; 104 (78%) patients received PI-based therapy,
with CyBorD (cyclophosphamide, bortezomib, and dexa-
methasone) as the preferred choice. One hundred and eleven
(83%) patients responded to first line of induction and 23
(17%) were initially refractory and received more than one
line of induction treatment (Table 4). In the majority of cases,
high-doses of melphalan were used as conditioning, followed
by infusion of autologous stem cells, with the median CD34+
cells-dose infused over 2 × 106/kg. Median times to engraft-
ment were 11 (range 5–19) and 17 (range 7–34) days for
neutrophils and platelets, respectively. Only one case of graft
failure was reported.

Most patients underwent ASCT in at least partial response
(PR), and there was an improvement in response category
after ASCT, with an increase of complete response (CR) rate
from 43 (32%) patients to 72 (54%) patients in CR before and
after ASCT, respectively.

Survival analysis

The median follow-up was 59.6 months (range, 7.3–
135.4 months). Forty-one (31%) patients died and 93 (69%)
patients progressed or died at any time after ASCT. The me-
dian OSwas 110.9 months (95%CI 86.6–135.2 months) from
ASCT and the median PFS was 34.5 months (95% CI 29.7–
42.1 months) from ASCT.

In our series, there were no statistically significant differ-
ences in terms of OS or PFS among groups according to ISS
classification. However, patients classified as having high-risk
CA showed a statistically significant shorter median OS than
those with standard-risk CA 57.4 months vs. median OS not
reached (NR) (P = 0.001), respectively. Patients with high
LDH levels had a significantly inferior OS, 36.1 vs. NR
(P < 0.001), compared with patients with normal LDH levels
at diagnosis.

As expected, patients with R-ISS III had a significantly
shorter median OS from ASCT compared to patients with R-
ISS II or R-ISS I (37.2 vs. 110.9 months vs. not reached,
respectively, P = 0.0001) (Fig. 1). The probability for 5-year
OS was 28, 68, and 86% per R-ISS III, II, and I, respectively.
Although there were more cases with renal impairment and
anemia at diagnosis in the R-ISS III group, no statistically
significant differences in baseline characteristics were identi-
fied among groups to explain the differences in OS observed,
as shown in Table 2. Patients who belonged to R-ISS III group
had also a significantly shorter median PFS than the R-ISS II
and R-ISS I groups: 19.2 vs. 36.1 vs. 35.2 months, respective-
ly (P = 0.05) (Fig. 2).

In order to explore whether the presence of high-risk CA
had an impact on the survival of the R-ISS II group, we re-
classified R-ISS II into two subgroups according to the pres-
ence or not of high-risk CA and we compared both of them
with either R-ISS I and III. As a result, we had four groups
with significantly different OS: 44 (33%) patients with R-ISS I
and a median OS NR; 50 (37%) patients with R-ISS IIa (not
R-ISS stage I or III and absence of high-risk CA) with a
median OS of 110.9 months; 25 (19%) patients with R-ISS
IIb (not R-ISS stage I or III but presence of high-risk CA) with
a median OS of 69.8 months; and 15 (11%) patients with R-
ISS III and a median OS of 37.2 months, P < 0.001, (Fig. 3).
Although there were no statistically significant differences
among groups, there was a trend towards shorter PFS in the
R-ISS IIb group compare with PFS in either R-ISS I or IIa:
32.9 vs. 35.2 vs. 48.2 months, respectively (P = 0.06).

Table 4 Induction andmaintenance treatment in myeloma patients who
underwent autologous transplantation at Mayo Clinic in Arizona and
University Hospital of Salamanca (2004–2014)

Induction and maintenance characteristics Myeloma
patients
No. (%)

Induction treatment, no. (%)

CyBorD 44 (32.8)

CyKTD 23 (17.2)

RD 16 (11.9)

VD 13 (9.7)

VTD 10 (7.5)

TD 6 (4.5)

VRD 5 (3.3)

Others 16 (11.9)

Triplet drug combination 87 (64.9)

Doublet drug combination 47 (35.1)

Proteasome inhibitor-containing regimen 104 (77.6)

IMIDs-containing regimen 60 (44.8)

Lines of induction

1 111 (82.8)

≥ 2 23 (17.2)

Response achieved before auto-SCT

CR 43 (32.1)

VGPR 37 (27.6)

PR 51 (38.1)

Response achieved after auto-SCT (+ 100 day)

CR 72 (53.7)

VGPR 35 (26.1)

PR 22 (16.4)

Maintenance treatment

No maintenance 62 (48.8)

Yes (lenalidomide, thalidomide, bortezomib, or interferon) 65 (51.2)

No. number of patients; CyBorD cyclophosphamide, bortezomib, dexa-
methasone; CyKTD cyclophosphamide, carfilzomib, thalidomide, and
dexamethasone; RD lenalidomide, dexamethasone; VRD bortezomib,
lenalidomide, dexamethasone; TD thalidomide and dexamethasone; VD
bortezomib and dexamethasone; IMIDs immunomodulators; CR com-
plete response; VGPR very good partial response; PR partial response
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Additional risk factors for OS were identified in the uni-
variate analysis such as renal impairment at diagnosis (median
OS 37.2 months; P < 0.001) and ≥ 2 lines of induction

treatment (median OS 60.9 months; P = 0.005) (Table 5). All
patients were included in the multivariate analysis and R-ISS
was selected as an important independent predictor for OS. An

Fig. 2 Progression free survival
(PFS) by R-ISS risk group. PFS
was defined as time from date of
transplantation until date of
relapse, progression or death.
Shorter PFS in R-ISS risk group
III versus risk groups I or II was
observed—median PFS 19.2 vs.
35.2 vs. 36.1 months, respectively

Fig. 1 Overall survival (OS) by
R-ISS risk group. OS was defined
as time from date of
transplantation until date of death.
There were statistically
significant differences in OS with
median OS not reached, 110.9
and 37.2 months in R-ISS risk
groups I, II, and III, respectively.
The probability of OS at 5 years
was 28, 68, and 86% for R-ISS
III, II, and I, respectively
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increase HR of 6.9, 95% CI 2.4–20.3; P = 0.001 was observed
between R-ISS III and R-ISS I, and a HR of 1.5, 95% CI 0.6–
3.6; NS, between R-ISS II and R-ISS I. Another discriminat-
ing factor for OS was ≥ 2 lines of induction before ASCT
(HR = 3.8, 95% CI 1.7–8.5; P = 0.001).

In addition, independent-risk factors for shorter PFS were
identified in the multivariate analysis such as R-ISS III (HR =
2.9, 95% CI 1.3–6.6; P = 0.008) and having received more
than 1 line of induction before ASCT (HR = 2.8, 95% CI
1.5–5.1; P = 0.001). The achievement of CR on day 100 after
ASCT and having received maintenance treatment were inde-
pendently associated with longer PFS, as shown in the multi-
variate analysis in Table 5.

Discussion

We showed in this study that R-ISS is a reproducible and
applicable method to robustly predict survival in MM patients
who underwent ASCT. This is one of the first evaluations and
validations of the R-ISS in transplant MM patients.

We present a representative series of exclusively transplant
patients who received novel agents with outcomes compara-
ble to those recently reported in prospective and randomized
controlled studies, with 80% of patients achieving very good
partial response or better after ASCT, median PFS of
45 months and 4 year-OS of 81% [3, 4, 6, 7].

According to the results recently reported by several stud-
ies which evaluate the R-ISS inmyeloma patients [20, 22–26],
the distribution of patients is quite similar, particularly stage
III (10–17% in these studies), with a slightly higher proportion
of R-ISS I cases in our series (33%vs. 18–28%). This could be
explained by the fact that the aforementioned studies included
elderly population as well, with potentially more cases of hy-
poalbuminemia and chronic renal disease [27]. Regarding sur-
vival, although our R-ISS stage III patients displayed a shorter
OS than patients with stage III in the study of Palumbo et al.
[20], it is important to point out that the original study was
developed in a selected cohort of patients enrolled in clinical
trials, and our results are closer to those reported by the Greek
and the British group in unselected MM patients cohorts [23,
25].

Although only 134 patients had complete data, they were
precisely those who were consecutively diagnosed and treated
at Mayo Clinic in Arizona and University Hospital of
Salamanca, whereas the remaining patients were referred to
these centers after induction treatment for the transplant pro-
cedure and diagnosis data were not completely available.
Thus, our series may be considered a representative sample
of newly diagnosed transplant patients.

An immediate consequence of re-stagingmyeloma patients
with the R-ISS model is that patients belonging to either ISS I
with additional high-risk features (high LDH or high-risk CA)
or ISS III with low-risk features (normal LDH and standard-
risk CA) are now reclassified as R-ISS II, with accurate

Fig. 3 Overall survival (OS) by
R-ISS, incorporating new
subclassification of R-ISS group
II by presence or absence of high
risk chromosomal abnormalities.
R-ISS group II was subclassified
into groups IIa (defined as not
group I or III and lack of high risk
chromosomal abnormalities
(t(4;14), t(14;16) or del17p) and
groups IIb (defined as not R-ISS
group I or III and presence of high
risk chromosomal abnormalities).
Median OS was not reached,
110.9 months, 69.8 months and
37.2 months in R-ISS groups I,
IIa, IIb, and III, respectively
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identification of low and high-risk patients according to their
OS: median NR and 37 months, respectively. As showed in
the above studies, there is a higher proportion of patients cat-
egorized as R-ISS II, including patients with high-risk CA
belonging to either ISS II or ISS I. Several studies have shown
that genetic events have a determinant role in prognosis in

myeloma patients [12, 14, 19]. Based on this, we explored
the impact of the presence of high-risk CA on R-ISS II sur-
vival. This group of patients was split into IIa and IIb groups,
according to the absence or presence of high-risk CA, respec-
tively. Interestingly, statistically significant differences in sur-
vival were found between IIa and IIb stages: median OS 111

Table 5 Univariate and multivariate analysis of covariates affecting PFS and OS in transplant myeloma patients at Mayo Clinic in Arizona and
University Hospital of Salamanca (2004–2014)

Covariates n (%) PFS OS

Median (mo) Univ. Multivariate Median (mo) Univ. Multivariate

P value HR (CI 95%) P value P value HR (CI 95%) P value

Renal impairment at dx

Yes 15 (12.4) 12.4 0.03 1.7 (0.8–3.5) NS 37.2 < 0.001 1.8 (0.7–4.2) NS
No 106(87.6) 35.7 110.9 Ref

BMPCs at dx

≥ 60% 31 (23.1) 24.3 NS – – NR NS – –
< 60% 103(76.9) 36.1 109.1

Cytogenetic-risk

High 39 (29.3) 31.1 NS – – 57.4 0.001 – –
Standard 94 (70.7) 35.7 NR

LDH at dx

High 17 (12.7) 21.6 NS – – 36.1 < 0.001 – –
Normal 117(87.3) 35.7 NR

ISS

I 62 (46.2) 34.5 NS – – NR NS – –
II 38 (28.3) 49.5 110.9

III 34 (25.5) 23.0 NR

R-ISS

I 44 (32.8) 35.2 0.05 Ref. – NR < 0.001 Ref. –

II 75 (56.0) 36.1 0.8 (0.5–1.4) NS 110.9 1.5 (0.6–3.6) NS

III 15 (11.2) 19.2 2.9 (1.3–6.6) 0.008 37.2 6.9 (2.4–20.3) 0.001

Proteasome inhibitor- based induction

Yes 104(77.6) 35.7 NS – – NR NS – –
No 30 (22.4) 24.5 94.7

Lines Induction

≥ 2 23 (17.2) 18.4 0.006 2.8 (1.5–5.1) 0.001 60.9 0.005 3.8 (1.7–8.5) 0.001
1 111(82.8) 36.1 Ref NR Ref

Response before ASCT

≥CR 43 (32.1) 47.7 NS – – NR NS – –
< CR 91 (67.9) 32.6 110.9

Response 100 days

≥CR 72 (53.7) 47.7 0.01 0.4 (0.3–0.7) 0.0001 NR NS – –
< CR 62 (46.3) 27.8 Ref 110.9

Maintenance

Yes 65 (51.2) 49.5 0.02 0.5 (0.3–0.8) 0.004 94.7 NS – –
No 62 (48.8) 24.5 Ref 110.9

Not available 7

Univariate and multivariate model for PFS and OS. Note that only significant covariates were included in the multivariate model

Dx diagnosis, BMPCs bone marrow plasma cells by morphology count, ASCT autologous stem cell transplantation, PFS progression free survival, mo
months, univ univariate analysis, yr years, HR hazard ratio, OS overall survival, ISS International staging system, CR complete response, Ig immuno-
globulin, NS not significant, NR not reached, Ref reference category. High-risk cytogenetic abnormalities: del17p, t(4;14), or t(14;16)
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and 70 months, respectively. These findings need to be vali-
dated in independent and prospective studies, and perhaps will
allow improvement of the risk assessment of not only the low
and high-risk transplant myeloma patients, but also the inter-
mediate risk group, identifying low-intermediate and a high-
intermediate risk subgroups according to the presence or not
of del17p, t(4;14) or t(14;16).

In addition, we compared the prognostic value of R-ISS
with other potential predictors of survival in our series of
transplant patients and we showed that R-ISS is an indepen-
dent prognostic marker. R-ISS model employs a feasible eval-
uation of both host factors and disease biology, encompassing
ISS staging, LDH, and genetics. All of these factors should be
assessed in the diagnosis work-up according to the IMWG
recommendations [28, 29]. ISS was not selected as a predictor
of survival in this cohort of patients exclusively treated with
novel agents; this result is consistent with other studies [10,
11, 26] and could be explained by the fact that ISS model was
developed before 2002 when only a minority of patients had
received IMID- or PI-based therapies.

Interestingly, all of the patients were treated with a novel
agent-based induction and most of them achieved partial re-
sponse or better before ASCT; however, those patients who
were refractory to the first line of induction and needed at least
a second line had a 3-fold higher risk of progression or four-
fold higher risk of death after ASCT. In fact, treatment re-
sponse is a well-known surrogate marker of PFS and, most
importantly, OS [30–32]. Indeed, response 100 days after
ASCT was an independent predictor for PFS, with 60% re-
duction in risk of progression or death in those who achieved
CR after ASCT, as shown in the multivariate analysis per-
formed in our study.

In summary, R-ISS assessed at diagnosis was an indepen-
dent predictor for OS after ASCT in our series, with median
OS for the different R-ISS groups comparable to those report-
ed by Palumbo et al. in their subgroup of younger patients
[20]. Thus, this study lends further support for the R-ISS as
a reliable prognostic tool for estimating OS in transplant-
eligible MM patients with one contribution: the identification
of R-ISS II subgroups according to the presence or not of
high-risk CA. If this observation is validated in other indepen-
dent studies, this approach might help to improve the risk-
stratification of transplant patients and thus, accurately predict
survival and define tailored treatment strategies.
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