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Abstract

In the era of personalized treatment in multiple myeloma, high-risk patients must be accurately identified. The
International Myeloma Working Group recommends using the Revised International Staging System (R-1SS) to pick out
high-risk patients. The main purpose of our work was to explore the heterogeneity of outcome among R-ISS stage Il
patients assessing the impact of International Staging System (ISS) stage, chromosomal abnormalities and lactate
dehydrogenase level in this subgroup. Data were collected from 1,343 patients up to 65 years old with newly diagnosed
myeloma, enrolled in three clinical trials implemented by the Intergroupe Francophone du Myélome. All patients were
eligible for intensive treatment. Patients in R-ISS stage Il but ISS stage | had 1.6 times higher risk of death than patients
in R-ISS stage | (adjusted hazard ratio=1.6; 95% confidence interval: 1.1-2.2; P=0.01) and patients in R-ISS stage Il but with
ISS stage Ill had a better overall survival than patients in R-ISS stage Ill (adjusted hazard ratio=0.7; 95% confidence
interval: 0.4-0.9, P=0.02). However, among patients classified in R-ISS Il, ISS stage and chromosomal abnormalities
(del[17p] and t[4;14]) were still relevant prognostic factors for death. Dividing R-1SS stage Il into three subgroups: ISS | with
standard-risk chromosomal abnormalities, ISS Il or Il with standard-risk chromosomal abnormalities and patients with
high-risk chromosomal abnormalities, median overall survival times were, respectively, not reached, 112 months and 71
months (P<0.001). In conclusion, stratification of patients in the R-ISS stage Il group can be improved by taking into
account chromosomal abnormalities and ISS. However, this does not improve predictive performance of survival models.

Introduction able progress in patients’ treatment, there is still wide het-

erogeneity in outcomes. This can be explained at least par-
Multiple myeloma (MM) is characterized by clonal accumu- tially by the large molecular heterogeneity of MM, with a
lation of plasma cells in the bone marrow. Despite consider-  subgroup of high-risk patients who, although benefiting from
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all therapeutic improvements, do not compensate for their
poor prognosis at diagnosis. This is the case for patients har-
boring high-risk chromosomal abnormalities (CA).’
Currently, the International Myeloma Working Group (IMWG)
recommends using the Revised International Staging System
(R-1SS) to identify high-risk patients. This score combines the
International Staging System (ISS) evaluation (based on
serum B,-microglobulin and albumin levels), abnormal serum
lactate dehydrogenase (LDH) level and three high-risk CA:
del(17p), t(4;14) and t(14;16).2 Combining predictive factors in
a score easy to understand and calculate has the advantage
of a fast scoring system and the disadvantages of an over-
simplified one. Especially when the parameters constituting
the score are independent prognostic factors, their predictive
overlap is low, and the risk they confer is additive. Indeed,
condensing factors with independent predictive significance
into a super-score is rarely successful at improving patients’
classification. Moreover, patients whose tumor harbors a
t(4;14) translocation should not be considered as having the
same risk as those harboring deletion 17p.*™® Furthermore,
the choice of t(14;16) translocation as a CA of interest is still
debated as no study has been able to demonstrate its inde-
pendent impact on the prognosis of patients with MM."™
Specifically, for patients to be considered as high-risk using
the R-1SS, they must have at least ISS stage Il and at least
one of the specified CA or a LDH level higher than the upper
limit of the normal range (ULN). This means that a patient
with deletion 17p can be classified as middle risk (stage Il of
R-1SS) if he or she does not have ISS stage Il at diagnosis
and that a patient without any CA could be classified as high
risk just because of his or her level of LDH, a biochemical
parameter well-known for its lack of specificity* These po-
tential misclassifications of patients led us to question the
clinical utility of using the R-ISS instead of the ISS, CA and
LDH level separately.

In the era of personalized treatment in MM, high-risk patients
must, more than ever, be accurately identified, especially for
the construction of clinical trials. R-ISS has been assessed
by some studies,” but to our knowledge, none of these
studies has assessed the performance measures for survival
prediction of this combined score compared to the use of
the different factors separately. The main purpose of our
work was to explore the heterogeneity of outcome among
R-1SS stage Il patients assessing the impact of ISS, CA and
LDH level in this subgroup and to assess the predictive ac-
curacy of the R-ISS and ISS on transplant-eligible patients
with newly diagnosed MM (NDMM).

Methods

Patients and methods
Data were collected from NDMM patients up to 65 years
old, enrolled in three clinical trials implemented by the
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Intergroupe Francophone du Myélome (IFM): (i) IFM 2005-
02 a phase Ill multicenter randomized, double-blind study
comparing maintenance therapy using lenalidomide to
placebo after autologous stem cell transplantation
(NCT00430365); (ii) IFM/DFCI 2009 a phase Ill multicenter
randomized, open-label study comparing a conventional-
dose combination using lenalidomide, bortezomib and
dexamethasone to high-dose treatment with autologous
stem cell transplantation (NCT01191060); and (iii) IFM
2014-02 a phase Ill multicenter randomized, open-label
study comparing the efficacy of combined high-dose
chemotherapy using melphalan and bortezomib versus
melphalan alone followed by stem cell transplant in front-
line MM patients who were not progressing after induction
therapy (NCT02197221). All patients gave written informed
consent before entering the source trials. The three
studies were approved by the institutional ethics commit-
tee of the different coordinating centers (Centre Hospita-
lier Universitaire Purpan, Toulouse, France for IFM 2005-02
and IFM 2014-02; University Hospital, Nantes, France for
IFM/DFCI 2009).

All patients were eligible for high-dose treatment with
autologous stem cell transplantation. All data needed for
revised staging calculations were included in the data col-
lection plan of these studies. High-risk CA were those de-
fined by the R-1SS: del(17p), t(4;14) and t(14;16). R-ISS
stage | includes patients with ISS stage I, no high risk CA
and LDH level lower than the ULN. R-ISS stage Ill includes
patients with ISS stage IIl and either high-risk CA or LDH
level higher than the ULN. R-ISS stage Il includes all other
possible combinations.

Statistical analysis

Categorical data were presented as counts and percen-
tages and compared using the % test or Fisher exact test.
Continuous variables were described by mean + standard
deviation or median and interquartile range and compared
using analysis of variance or the Kruskal-Wallis test. Fol-
low-up duration was estimated using the reverse Kaplan-
Meier method.?* Overall survival (OS) was defined as the
time from randomization to death or the last date the pa-
tient was known alive. Progression-free survival was de-
fined as the time from randomization to the first
documentation of progressive disease, or death due to
any cause and patients without progression were cen-
sored at the last date of clinical evaluation. All surviving
patients were censored after 10 years of follow-up. As it
was not possible to adjust correctly for treatment re-
ceived, because each trial was set up at a different time
and had different experimental and control arms, all sur-
vival analyses were stratified on treatment arms assuming
that the effect of prognostic factors would be similar
across strata. This assumption was tested for ISS and R-
ISS by fitting proportional hazards models with inter-
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actions between the treatment arm and ISS and R-ISS.
Hence, overall and progression-free survival curves, esti-
mated using the Kaplan-Meier method, were compared
using the stratified log-rank test. The hazard ratio (HR)
along with 95% confidence interval (95% CI) for progres-
sion and for death were estimated by fitting multivariate
stratified Cox proportional hazard models adjusted for age
and sex, included as covariates in all models. Time-de-
pendent receiver operating characteristic (ROC) curves
were estimated at 10 years to assess predictive power.
Discrimination was assessed by the Harrell concordance
index (C-index) which estimates the proportion of all pairs
of patients in whom prediction and outcome are concord-
ant and takes values from 0.5 (no discrimination) to 1.0
(perfect discrimination).?®* R? was estimated as a measure
of the proportion of the survival time explained by the
model.?® To compare the different predictive values of R-
ISS or ISS, sequential models were built in the same data
set which included all patients in whom ISS, t(4;14),
del(17p), t(14;16) and LDH were simultaneously available.
Tests were two-sided, and P values <0.05 were considered
statistically significant. All analyses were performed using
Stata version 14.2 (StataCorp).

Results

The three pooled clinical trials had included 1,614 NDMM
patients, 1,343 (83%) of whom were assessable by the R-
ISS at diagnosis and constituted our database (486 patients
from the IFM 2005-02 study, 623 patients from the
IFM/DFCI 2009 and 234 from the IFM 2014-02 study). The
median age of the patients was 58 years and 59% were
male. Thirty-six percent of patients had ISS stage I, 47% ISS
stage Il and 17% ISS stage Ill; 18% had at least one high-
risk CA and 19% had a LDH level higher than the ULN. The
median duration of follow-up was 95 months (interquartile
range, 81 months - not reached) and the estimated 5-year
and 10-year probabilities of overall survival were 73% (95%
Cl: 70%-75%) and 46% (95% Cl: 42%-49%), respectively.

Due to high-risk CA or high LDH level, 138 of 487 (28%) ISS
stage | patients were classified as R-ISS stage Il and, con-
versely, the absence of high-risk CA and a normal LDH level
had classified 116 of 222 (52%) ISS stage Il patients as R-
ISS stage Il. Overall, 26%, 66% and 8% of patients had R-
ISS stage I, Il and lll, respectively. The revised staging
system results in a substantial increase in stage Il category
for R-1SS compared to ISS. The patients’ and disease char-
acteristics at diagnosis according to R-ISS disease stages
are presented in Table 1. As predictable, increasing R-1SS
was associated with a worse Eastern Cooperative Oncology
Group performance status, a higher serum creatinine level
and a lower hemoglobin level at diagnosis. Survival analyses
by R-ISS categories showed that median overall survival
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was not reached for the R-ISS stage | patients, and was 108
and 62 months, respectively, for R-ISS stage Il and Il
whereas median progression-free survival times were 41,
35 and 27 months for R-ISS stage |, Il and Il patients, re-
spectively (Figure 1). In the same cohort of patients, median
overall survival was not reached for ISS stage | patients,
and was 104 and 82 months for ISS stage Il and Ill. The
median progression-free survival times were, 41, 34 and 29
months for ISS stage |, Il and Il patients, respectively.

To assess whether or not improvement in discrimination
was obtained between ISS and R-ISS, we compared overall
survival and progression-free survival as predicted by the
two staging systems between patients in whom the stage
was not modified by the revised classification and patients
in whom the stage was changed. Patients with R-ISS stage
Il but ISS stage | had a 1.6 times higher risk of death than
patients with R-ISS stage | (adjusted HR=1.6; 95% CI: 1.1-
2.2; P=0.01) whereas no statistically significant improve-
ment was observed for progression-free survival (adjusted
HR=1.1; 95% CI: 0.8-1.4; P=0.68). Moreover, patients with R-
ISS stage Il but ISS stage Ill had a better overall survival
than patients with R-ISS stage Il (adjusted HR=0.6; 95% ClI:
0.4-0.9; P=0.01) whereas no statistically significant im-
provement was observed for progression-free survival (ad-
justed HR=0.8; 95% ClI: 0.6-1.0; P=0.09) (Figure 2).
Focusing on R-ISS stage Il, a large and heterogeneous cat-
egory which encompasses patients from ISS stage | to lll,
we checked whether ISS stages, CA and high LDH level
were still relevant risk factors for death or progression in
this subgroup (Table 2). In a multivariate Cox proportional
analysis, we observed that LDH level was not an indepen-
dent risk factor for death, that ISS stage Il and ISS stage Il
patients had similar and higher risk of death than ISS stage
| patients and also that patients with high-risk CA had a
worse overall survival than standard-risk patients. These
results were similar whatever the CA studied: del(17p) vs.
no del(17p) (adjusted HR=2.7; 95% CI: 1.8-4.2), t(4;14) vs. no
t(4;14) (adjusted HR=2.3; 95% ClI: 1.6-3.3), and t(14;16) vs no
t(14;16) (adjusted HR=2.1; 95% CIl: 0.8-5.8) (Figure 3). For
progression-free survival analyses, adverse cytogenetics
was still a relevant risk factor in this subgroup of patients.
In the light of this observation we divided R-ISS stage Il into
three subgroups (hereafter referred to as “modified R-ISS”):
ISS stage | with standard-risk CA, ISS stage Il or Il with
standard-risk CA, and high-risk CA patients. In these sub-
groups, median overall survival times were not reached, 112
months and 71 months, respectively (P<0.001).

Adjusted for age and sex, the performance of the R-ISS,
modified R-ISS and ISS at predicting survival was similar.
Time-dependent ROC curves that assess the predictive
ability of a marker, C-index, which estimates the proportion
of all pairs of patients in whom prediction and outcome are
concordant, and R?, the explained variation of survival times
by the model, showed no notable improvement in predic-
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Table 1. Patient and disease characteristics at diagnosis according to Revised International Staging System disease stages.

R-ISS
Stage | Stage Il Stage Il P-value
N 349 (26.0%) N 888 (66.1%) N 106 (7.9%)
Age, years
Median 57.3 58.0 59.1 0.287
IQR 50.2-62.0 52.3-62.0 52.8-62.0
Sex, N (%)
Male 205 (58.7) 522 (58.8) 61 (57.5) 0.970
Female 144 (41.3) 366 (41.2) 45 (42.5)
Performance status, N (%)
0 177 (55.1) 382 (46.2) 30 (31.6) <0.001
1 126 (39.3) 350 (42.4) 48 (50.5)
2 18 (5.6) 94 (11.4) 17 (17.9)
Monoclonal isotype, N (%)
IgG 206 (59.0) 547 (61.6) 55 (51.9) 0.186
IgA 73 (20.9) 204 (23.0) 29 (27.4)
Light-chain 62 (17.8) 121 (13.6) 18 (17.0)
Other 8 (2.3) 16 (1.8) 4 (3.8)
Hemoglobin, g/dL
Mean (SD) 12.3 (1.7) 10.8 (1.7) 9.4 (1.4) <0.001
Creatinine, umol/L
Median 75.0 80.0 95.0 <0.001
IQR 64.6-86.9 68.0-98.7 76.1-123.9
ISS disease stage, N (%)
Stage | 349 (100.0) 138 (15.5) 0 (0.0) <0.001
Stage Il 0 (0.0) 634 (71.4) 0 (0.0)
Stage IlI 0 (0.0) 116 (13.1) 106 (100.0)
High-risk CA, N (%)
Standard risk 349 (100.0) 568 (78.3) 36 (39.1) <.001
High-risk 0 (0.0) 157 (21.7) 56 (60.9)
t(4;14), N (%)
No 349 (100.0) 636 (87.1) 54 (58.7) <.001
Yes 0 (0.0) 94 (12.9) 38 (41.3)
del(17p), N (%)
No 349 (100.0) 673 (91.8) 72 (78.3) <0.001
Yes 0 (0.0) 60 (8.2) 20 (21.7)
t(14;16), N (%)
No 349 (100.0) 752 (98.8) 87 (95.6) 0.002
Yes 0 (0.0) 9(1.2) 4 (4.4)
LDH level, N (%)
Higher than ULN 0 (0.0) 179 (22.0) 61 (64.2) <0.001
Lower than ULN 349 (100.0) 634 (78.0) 34 (35.8)

R-ISS: Revised International Staging System; IQR: interquartile range; SD: standard deviation; ISS: International Staging System; LDH: lactate
dehydrogenase; CA: chromosomal abnormalities; ULN upper limit of normal range.

tion. The same results were observed for progression-free
survival (Table 3).

Discussion

Accurate survival prediction is important as prognostic
factors may soon influence treatment choice. The indis-
putable prognostic factors for MM already used to stratify
patients in therapeutic trials are ISS disease stage and CA,
in particular t(4;14) and del(17p), while the value of t(14;16)

is still being debated. Subsequently, a revised version of
the ISS was proposed and validated in further studies.?'®"
% This revised staging system was presented as simple
and powerful because it allows three different prognostic
groups to be identified based on three known prognostic
factors: ISS, high-risk CA and LDH level higher than nor-
mal.. We cannot deny the simplification, since from three
factors, only one was constructed, and the results of our
study had effectively shown an improved prediction for
ISS stages | and Ill by adding the presence of high-risk CA
or high LDH level. This improvement in prediction in the
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low-risk and high-risk classes of the R-I1SS was achieved
at the expense of the creation of an intermediate-risk
class grouping the majority of patients (66% in our study)
in which we have shown that the ISS and CA remain inde-
pendent prognostic factors. We have also shown that the
subdivision of the R-ISS stage Il group according to ISS
and CA allows a better stratification of patients but with-
out improving the performance measurement of the
model. The performance of prognostic models is rarely re-
ported in clinical research, although this is strongly rec-
ommended in guidelines for transparent reporting.?”
Performance measures were not reported for either the
ISS or the R-ISS at the time of their first publication and
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few studies have tested their performance. Abe et al.,
Cheng et al. and Zhang et al. reported similar areas under
the ROC curves or C-indexes between the ISS and R-
1SS.1928-30 We have shown that whatever the performance
measure, there was no significant improvement in dis-
crimination and classification of patients using the ISS, R-
ISS or its modification by subdivision of the stage Il
category, suggesting that a better performance measure
could only be reached using other biomarkers than those
used by the R-ISS. The better stratification of the R-ISS
stage Il subgroup according to the presence of high-risk
CA was also described by the Mayo clinic but an ISS effect
was not reported or perhaps was not investigated in this

100
A — Stage |
—— Stage ll
— Stage lll
75
)
0
c 504
2
©
o
254 | vs Il P<0.001
I vs Ill P<0.001
Il vs Il P<0.001
0 —
T T T T T T T I T T I
0 12 24 36 48 60 72 84 96 108 120
Months of follow-up
N at risk
Stage | 349 344 337 298 245 222 205 188 120 89 74
Stage Il 888 844 797 671 558 493 428 386 223 115 92
Stage Il 106 101 89 72 60 47 37 36 17 12 7
B 100
— Stage |
—— Stage Il
— Stage lll
75
=
%)
T 50+
.0
©
o
254 1vs 1l P=0.002
I vs 11l P<0.001
Il vs 111 P=0.01
O —
I T T I T T I T T T T
0 12 24 36 48 60 72 84 96 108 120
Months of follow-up
N at risk
Stage | 349 316 250 169 120 95 77 64 34 22 8
Stage Il 888 726 554 379 263 198 159 130 66 34 14
Stage Il 106 78 58 34 23 14 13 i 5 3 3

Figure 1. Kaplan-Meier survival curves according to Revised International Staging System disease stages. (A) Overall survival. (B)

Progression-free survival.
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study due to the small sample size of their retrospective
cohort' In the same vein, Walker et al. have suggested
splitting the large R-ISS stage Il subgroup according to
cytogenetic signature.?® In their cohort of NDMM patients
treated with novel therapies, Cho et al. described a similar
event rate between ISS stage Ill patients reclassified as
R-1SS stage Il and those reclassified as R-ISS stage lll,
showing that the ISS effect is still of importance, despite
the absence of high-risk CA or high LDH level.?" Indepen-
dent risk factors are cumulative and the more indepen-
dent risk factors to which a patient is exposed, the higher
is his or her likelihood of having a worse outcome.® Hence,
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a simplified prognostic factor with fewer categories than
the combined categories of the independent risk factors
that make it up is unlikely to offer a better classification.
In addition, in the era of personalized medicine, we argue
that the paradigm concerning predictive factors is no
longer related to the question “how simple should a stag-
ing system be?” but rather “what system allows me to
classify patients correctly enough to offer them the most
appropriate treatment?” This is to be understood, regard-
less of the number of variables to be included, since
health information available today is increasingly numer-
ous and precise, and contributes to more accurate pre-
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Figure 2. Kaplan-Meier survival curves comparing International Staging System disease stages | and lll patients after Revised
International Staging System reclassification. (A) Overall survival. (B) Progression-free survival. ISS: International Staging

System; R_ISS: Revised International Staging System.
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Table 2. Multivariate Cox proportional hazards regressions models for overall survival and progression-free survival, stratified by
treatment and adjusted for age and sex, of Revised International Staging System stage Il patients.

Overall survival

Adjusted

Progression-free survival

Adjusted

hazard ratio 95% CI P-value hazard ratio 95% Cl P-value

ISS disease stage

ISS stage Il / 1.70 1.14-2.53 0.009 1.19 0.89-1.60 0.239
stage |

ISS stage IIl / 1.97 1.19-3.27 0.008 1.37 0.94-2.00 0.101
stage |

High-risk CA 2.41 1.78-3.26 <0.001 1.56 1.22-1.98 <0.001
High LDH level 1.06 0.75-1.50 0.737 0.91 0.70-1.19 0.497

High-risk chromosomal abnormality is defined by any of del(17p) or t(4;14) or t(14;16). High lactate dehydrogenase level is defined by a
measure higher than the upper limit of the normal range. 95% Cl: 95% confidence interval; ISS: International Staging System; CA:

chromosomal abnormalities; LDH: lactate dehydrogenase.

diction models, as biotechnological and informatics en-
able us to simplify the most complex information. To
exemplify these comments, we have recently shown that
a predictive index based on six cytogenetic abnormalities
(the linear predictor score) outperformed the predictive
ability of the current definition of a high-risk cytogenetic
group, the ISS or R-ISS alone and also the separate in-
formation based on ISS and the presence of del(17p) or
t(4;14).° For example, the C-index reached a value of 0.70
for the linear predictor score against only 0.55 for the R-
ISS. Unfortunately, in the current study, we could not
compare R-ISS to the linear predictor score as the
necessary cytogenetic data, such as chromosome 1 ab-
normalities, were not available. Some other studies sug-
gest improving the R-ISS classification by adding other
criteria such as the detection of circulating plasma cells*
or gene-expression data.’®* Some teams go further and
suggest moving beyond traditional assays (cytogenetics)
to favor whole genome sequencing or even whole exome
sequencing to capture all the complexity of biological fea-
tures.** Obviously, we know that a score cannot be perfect
since prognosis is a moving target. It evolves with the de-
velopment of new therapeutic strategies, and prognostic
scores that are efficient today will be rapidly outdated in
the future. At the individual level, prognosis also changes
according to relapses and the clonal evolution of the dis-
ease. Moreover, it has been shown that an undetectable
minimal residual disease could overcome the poor prog-
nosis of patients with high-risk myeloma; a single esti-
mate of prognosis at diagnosis is no longer sufficient and
the depth of response has to be taken into account.®® Fi-
nally, we should consider that both the ISS and R-ISS were
developed to better balance adverse biology across study
arms in randomized trials and were not designed for the

purpose of making treatment decisions for individual pa-
tients. Therefore, these scores probably do not have the
precision needed to guide clinical decision-making for in-
dividual patients. However, as they are widely used by
clinicians it is important to draw attention to the het-
erogeneity of patients with R-ISS stage Il and to try to
redefine this category.

The strength of this study lies in the use of more than one
performance measure for survival models, time-dependent
ROC analysis, the C-index and R? to quantify the estimated
predictive values of the ISS and R-ISS, but also in analyses
performed using data from three large clinical trials, which
ensured the quality of data with a sufficient follow-up of
patients. However, this was also a limitation of the study
as the assessment of the predictive ability in patients in-
cluded in clinical trials limited our results to selected,
newly diagnosed patients treated with high-dose chemo-
therapy. Nevertheless, we do not expect different results
for older patients or for those who do not undergo trans-
plantation, since ISS and high-risk CA are also independent
prognostic factors in real-life settings.>**=*°In any case, our
results must be confirmed in an older population. Another
limitation of our study is the underrepresentation of the
cytogenetic aberration t(14;16), which is part of the defini-
tion of the R-ISS, although its prognostic significance has
not been confirmed by all studies."***' The frequency of
t(14;16) was low in our study (11%) whereas it can reach
3.5% in the real population. One explanation for this could
be that information on this CA was specifically required in
the IFM/DFCI 2009 study, whereas it was only recorded as
“other CA” in the IFM 2005-02 and the IFM 2014 studies, as
the IFM does not consider t(14;16) as an independent risk
factor." Moreover, LDH level was not reported as a signifi-
cant prognostic factor in our study, contrary to the main
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Figure 3. Kaplan-Meier survival curves according to high-risk cytogenetic abnormalities among Revised International Staging
System stage Il patients. (A) Overall survival according to del(17p) status. (B) Overall survival according to t(4;14) status. (C)
Overall survival according to t(14;16) status. (D) Progression-free survival according to del(17p) status. (E) Progression-free
survival according to t(4;14) status. (F) Progression-free survival according to t(14;16) status.
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Table 3. R? values, C-index and time-dependent receiver operating characteristics, with 95% confidence intervals, for different
Cox proportional hazards regression models for overall survival and progression-free survival of patients with multiple myeloma.

Overall survival

Progression free survival

2 . Time- 2 e Time-
LLLL R C-index dependent ROC R C-index dependent ROC
ISS disease 7.4 0.61 63.2 2.3 0.56 59.7
stage, 95% ClI 4.2-11.1 0.59-0.64 58.3-68.1 1.0-4.2 0.54-0.58 53.8-65.6
R-ISS disease 9.4 0.62 65.0 2.7 0.56 58.2
stage, 95% ClI 5.8-13.6 0.59-0.65 59.4-70.6 1.2-4.7 0.54-0.59 52.3-64.0
Modified R-ISS 13.9 0.62 65.3 3.8 0.58 58.3
disease stage by
dividing the
stage Il group, 9.4-18.7 0.59-0.64 60.6-70.1 2.0-6.0 0.56-60.4 52.8-63.9
95% Cl

ROC: receiver operating characteristic; ISS: International Staging System; R-1SS: Revised International Staging System.

study that validated the R-ISS,® but it should be remem-
bered that a high LDH level was not finally retained in the
construction of the ISS either.*® This discrepancy may also
reflect the fact that increased LDH cannot be related to
damage to a specific organ, thus making it an inconstant
or non-specific biological risk factor. In our study, in order
to ensure that each patient was properly classified accord-
ing to his or her LDH level, we checked the normal ranges
of LDH in 80 laboratories over the study period as normal
levels of LDH in the blood can vary depending on the lab-
oratory. Moreover, our population was younger than the
population who served to establish the R-1SS and in better
health than the whole myeloma population. To be included
in our trials, patients had to be under 66 years of age and
have normal or subnormal kidney, liver, heart and lung
function to be eligible for a transplant. As LDH levels are
elevated in the aging population and also in numerous clini-
cal conditions, our selection of patients may have resulted
in the creation of a less high-risk group of patients.

In conclusion, our data suggest that the R-ISS accurately
classifies patients into stages | and Ill but that within the
R-1SS stage Il group, ISS and CA are still relevant prog-
nostic factors. As the R-ISS has become the standard for
risk stratification in clinical trials, our data suggest that
the R-1SS stage Il group could be divided according to the
presence or not of high-risk CA and ISS to refine stratifi-
cation. Finally, improving the performance of any model is
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