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improve the staging system. Moreover, new statistical measures for assessing and quantifying the

risk prediction of new prognostic models are necessary in future studies.

1 | INTRODUCTION

Multiple myeloma (MM) is a plasma cell neoplasm characterized by the
accumulation of clonal plasma cells. It accounts for 1% of all neoplastic
diseases and ~13% of all hematologic malignancies. The introduction of
novel agents has significantly improved the prognosis of MM patients,
but MM s still considered an incurable disease, and there is wide varia-
tion in patient survival because of its heterogeneity. Thus, the use of an
accurate prognostic model is important for applying risk-adapted thera-
peutic strategies, predicting disease outcomes, and informing patients.

The International Staging System (ISS), which is based on serum
beta 2-microglobulin (SB2M) and serum albumin,? has been the stand-
ard prognostic model for the past 10 years. However, the patient data
used to develop the ISS were collected from 1981 through 2002. Thus,
the majority of patients whose data were used have never been
exposed to the novel agents. Moreover, the ISS does not directly incor-
porate the role of intrinsic myeloma cell variability at the molecular level,
such as cytogenetic abnormalities.

Recently, the Revised ISS (R-ISS), which incorporates serum LDH
and high-risk cytogenetic abnormality (CA) (t[4;14], t[14;16], and del
[17p]) detected by interphase fluorescence in situ hybridization (iFISH)
into ISS, was developed by the International Myeloma Working Group
(IMWG) to overcome this limitation.® The R-ISS improved the stratifica-
tion of patients into more homogeneous risk groups, and is now widely
accepted as the new standard prognostic model for MM patients.

In this study, we assessed the R-ISS in Korean MM patients who
were treated with novel agents (thalidomide, bortezomib, or lenalido-
mide) as a primary therapy and evaluated its discriminative power and

ability to reclassify patients from the ISS classifications.

2 | METHODS

2.1 | Patients

Clinical and laboratory data were collected from newly diagnosed MM
patients between January 2010 and August 2013 from 17 hospitals in
Korea. The inclusion criteria were as follows: diagnosis of MM based on
IMWG criteria,* information for the determination of ISS and R-ISS stage
at diagnosis, and treatment with novel chemotherapeutic agents including
thalidomide, bortezomib, and lenalidomide as part of a first-line chemo-
therapy protocol. Patients without complete LDH and iFISH results but
with available ISS and R-ISS stages were included in the study (e.g., com-
plete information on LDH and FISH analysis results were not required for
ISS stage 2 patients, because these patients were reclassified as R-ISS
stage 2 regardless of their LDH and iFISH results). Patients with
asymptomatic (smoldering) MM, immunoglobulin M-related disorders, or
primary amyloidosis were excluded.

Clinical data were obtained by reviewing medical records, and

this study was approved by the institutional review boards of all

participating institutions. Baseline data collected included age, sex, ISS
stage, R-ISS stage, performance status (PS) according to the Eastern
Cooperative Oncology Group scale, serum albumin, serum LDH, SB2M,
serum creatinine, estimated glomerular filtration rate calculated using
the Modification of Diet in Renal Disease Study formula, serum
calcium, hemoglobin level, serum free light chain ratio, clonal bone-
marrow plasma-cell percentage, and CA detected by iFISH. Serum
levels of LDH were classified as normal or high per the laboratory defi-
nition of the normal range of each institution. The iFISH studies were
performed on sorted or immunologically recognized plasma cells
according to the iFISH methods of each institution. The presence
of del(17p), t(4;14), or t(14;16) detected by iFISH was considered to
indicate high-risk CA.

2.2 | Statistical analysis

Overall survival (OS) was calculated from the start date of chemotherapy
until death from any cause or was censored at last follow-up. Progression-
free survival (PFS) was defined as the time from the start date of chemo-
therapy until progression or death from any cause. Survival rates and cor-
responding standard errors were estimated using the Kaplan-Meier
method, and survival curves were compared using the log-rank test. We
evaluated the discriminatory power of the R-ISS vs. the ISS in terms of OS
using the C-statistic,” which is also known as the area under the receiver
operating characteristic curve, where greater values indicate greater dis-
criminative power and a value of 1 indicates perfect discrimination. We
report the C-statistic value at 3 years of follow-up, and histogram showing
the C-statistic values of ISS and R-ISS at different periods of follow-up
time was plotted. The concordance probability estimate was used to mea-
sure the discriminatory power of LDH and high-risk CA separately with
respect to OS.° The integrated Brier score (IBS) was used to assess predic-
tion error, and a lower IBS indicates a higher prediction accuracy.” Calibra-
tion for agreement was assessed by using D’Agostino-Nam test.

The risk category reclassification by the R-ISS in terms of OS was
assessed using the net reclassification improvement (NRI) metric.”1©
Assuming independence between event and non-event individuals and
following McNemar's*? logic for significance testing in correlated propor-
tions, we used a simple asymptotic test for the null hypothesis of NRI = 0.
We report the NRI at 3 years of follow-up, separately for those with or
without events, as well as the total NRI. A total NRI value of 2 indicates
that all of the patients were correctly reclassified, whereas —2 indicates
that all of the patients were incorrectly reclassified into another risk group.

3 | RESULTS

3.1 | Patient characteristics and treatments

A total of 568 newly diagnosed MM patients were treated with novel
chemotherapeutic agents. Of these, 54 patients were excluded due to
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insufficient data for ISS and R-ISS, and 514 patients formed the basis
of this analysis. The baseline characteristics were similar between those
with or without sufficient data for ISS and R-ISS, but patients with suf-
ficient data less often received autologous stem cell transplantation
(ASCT) (40.9% vs. 57.4%, P =0.020), while the frequency of primary
therapy with thalidomide-based (55.4% vs. 68.5%), bortezomib-based
(42.0% vs. 29.6%) and lenalidomide-based (2.5% vs. 1.9%) regimen
were not significantly different.

The baseline characteristics of the patients are presented in Table 1.
The median age was 63 years (range, 32-86 years); 205 patients (39.9%)
were >65 years of age. Although data for LDH and high-risk CAs were
missing in 5 (1%) and 74 (14.4%) patients, respectively, ISS and R-ISS
stages were available for all of the patients. In all, 177 patients (33.4%)
had abnormal LDH levels, and 92 patients (17.9%) had high-risk CAs. All
patients received novel agents as primary therapy, 298 (57.9%) received
immunomodulatory drugs (55.4% thalidomide-based, 2.4% lenalidomide-
based), and 216 (42.0%) received bortezomib-based primary therapy. In
all, 210 patients (40.9%) received ASCT. With a median follow-up dura-
tion of 42.3 months (range, 40.5-44.1 months), median PFS was 25.0
months and median OS was 61.0 months. There was no significant differ-
ence in median OS between patients with or without sufficient data for
ISS and R-ISS (median OS 61.0 months vs. 49.0 months, P = 0.850).

3.2 | ISS distribution and survival outcome

One hundred thirteen patients (22.0%) were ISS stage 1, 210 (40.9%)
were |ISS stage 2, and 191 (37.2%) were ISS stage 3. The median PFS
according to ISS stages 1, 2, and 3 were 33.8, 25.4, and 18.0 months,
respectively (Figure 1a). There was no significant difference between
the median PFS of ISS stage 1 and stage 2 patients (stage 1 vs. stage 2,
P=0.067; stage 1 vs. stage 3, P<0.001; stage 2 vs. stage 3,
P =0.019). Median OS according to ISS stage were not reached for 1SS
stages 1 and 2 and was 48.0 months for ISS stage 3 (Figure 1b). There
was no significant difference between the median OS of ISS stage 1
and stage 2 patients (stage 1 vs. stage 2, P = 0.334; stage 1 vs. stage 3,
P =0.001; stage 2 vs. stage 3, P = 0.003).

3.3 | R-ISS distribution and survival outcome

Per the R-ISS, 64 patients (12.5%) were rated as R-ISS stage 1, 338
(65.8%) were R-ISS stage 2, and 112 (21.8%) were R-ISS stage 3.
Among the 113 patients with ISS stage 1, 49 patients (43.4%) were
reclassified as R-ISS stage 2, and among 191 patients with ISS stage 3,
79 patients (41.4%) were reclassified as R-ISS stage 2. Median PFSs
according to R-ISS stages 1, 2, and 3 were 40.1, 23.9, and 18.3 months,
respectively (Figure 2a). There were significant differences in median
PFS among the three stages of the R-ISS (stage 1 vs. stage 2,
P=0.014; stage 1 vs. stage 3, P=0.001; stage 2 vs. stage 3,
P =0.045). The median OS was not reached for R-ISS stage 1, was
60.9 months for R-ISS stage 2, and was 50.1 months for R-ISS stage 3
(Figure 2b). There were significant differences in median OS between
the three stages of the R-ISS (stage 1 vs. stage 2, P = 0.002; stage 1 vs.
stage 3, P < 0.001; stage 2 vs. stage 3, P = 0.044).

3.4 | Comparison of the performance of ISS and R-ISS

As both the ISS and the R-ISS were primarily developed to stratify
patients into different risk groups in terms of OS, C-statistics, Brier
score, D'Agostino-Nam test and NRI analysis were used to assess dis-
criminative power, prediction accuracy, calibration for agreement and
risk category reclassification, respectively, in terms of OS but not PFS.
The value of the C-statistic was significantly greater for the R-ISS than
the ISS (0.769 vs. 0.696, P < 0.001) (Supporting Information Figure S1).
The IBS was 0.190 and 0.191 for ISS and R-ISS, respectively. R-ISS
showed a good calibration with a D’Agostino-Nam test (X2: 2.222,
P =0.334), whereas ISS showed a poor calibration with a D’Agostino-
Nam test (y? = 11.443, P = 0.004). The results of NRI analyses are pre-
sented in Table 2. Among patients with ISS stage 1, the event (death)
rate of patients who were reclassified as R-ISS stage 2 was 41.3%,
whereas that of patients reclassified as R-ISS stage 1 was 15.1%. The
event (death) rate of patients with ISS stage 2, of whom all were reclas-
sified as R-ISS stage 2, was 28.6%. Among patients with ISS stage 3,
the event (death) rate of patients who were reclassified as R-ISS stage
2 was 42.3%, and that of patients reclassified as R-ISS stage 3 was
43.5%. The event NRI was —0.08 (95% confidence interval [Cl],
—0.18-0.01) and the non-event NRI was 0.05 (95% CI, —0.03-0.10),
resulting in a total NRI of —0.03 (95% Cl, —0.14-0.08, P = 0.602).

3.5 | Impact of abnormal LDH and high-risk
CA on survival outcome

The concordance probability estimate was 0.543 (Standard error [SE],
0.012) for high-risk CA and 0.549 (SE, 0.016) for abnormal LDH, indi-
cating that the discriminatory power was acceptable for both high-risk
CA and abnormal LDH. The impact of abnormal LDH and high-risk CA
on OS was evaluated within each ISS stage. Of patients with ISS stage
2, 41 who were lacking complete data for LDH and iFISH results were
excluded from this subgroup analysis. In ISS stage 1, although the
median OS was not reached for patients with either high-risk factor
(n=49) and patients with no high-risk factor (n = 64), the 3-year OS
rates were 58.2% vs. 84.5%, respectively (P = 0.002) (Supporting Infor-
mation Figure S2a). In ISS stage 2, there were no significant differences
in OS between patients with either high-risk factor (n=67) and
patients with no high-risk factor (n = 102), with a median OS of 60.0
months vs. 61.3 months and a 3-year OS rate of 65.9% vs. 73.3%,
respectively (P = 0.346) (Supporting Information Figure S2b). Similarly,
in ISS stage 3, there were no significant differences in OS between
patients with either high-risk factor (n=112) and patients with no
high-risk factor (n =79), with a median OS of 50.1 months vs. 46.6
months and a 3-year OS rate of 56.2% vs. 57.3%, respectively
(P =0.838) (Supporting Information Figure S2c).

The proportion of high LDH (33.4%) in the current study was high
compared to the IMWG cohort, in which only 13% of the patients had
high LDH. Because LDH could not discriminate survival outcome of
patients with ISS stage 3, we additionally analyzed OS of ISS stage 3
patients using higher cutoff for LDH. There was no significant differ-
ence in median OS of patients with LDH > 1.5X[upper normal limit]
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TABLE 1 Characteristics of patients

Characteristics
Age, median (range)

Age
<65
>65
Missing

Sex
Male
Female
Missing

Lactate dehydrogenase
Normal
High
Missing

Serum albumin
<35gdL™?
>35gdL?
Missing

Serum beta 2-microglobulin
<35 pugmg *
>35ugmg
Missing

Serum creatinine
<20mgdL™?
>20mgdL?
Missing

eGFR, median (range in mL min~* 1.73 m™2)

eGFR
<30 mL min~*1.73 m~2
>30 mL min~!1.73 m™?
Missing

ECOG PS >2
0-1
>2
Missing

Hemoglobin
<10gdL?
>10gdL™?
Missing

Calcium
<11mgdL?*
>11 mgdL™?t
Missing

BMPC

<60%
>60%
Missing

sFLC ratio

0.01-100
<0.01 or >100
Missing

ASCT
No
Yes
Missing

No. of patients (%)

63 (32-86)

309 (60.1%)
205 (39.9%)
0 (0.0%)

281 (54.7%)
233 (45.3%)
0 (0.0%)

332 (64.6%)
177 (34.4%)
5 (1.0%)

252 (49.0%)
262 (51.0%)
0 (0.0%)

196 (38.1%)
318 (61.9%)
0 (0.0%)

417 (81.1%)
97 (18.9%)
0 (0.0%)

66.5 (3-244)

162 (31.5%)
327 (63.6%)
25 (4.9%)

393 (76.5%)
120 (23.3%)
1(0.2%)

287 (55.8%)
223 (43.4%)
4 (0.8%)

458 (89.1%)
52 (10.1%)
4 (0.8%)

360 (70.0%)
141 (27.4%)
13 (2.5%)

282 (54.9%)
214 (41.6%)
18 (3.5%)

303 (58.9%)
210 (40.9%)
1(0.2%)

(Continues)

WILEY 2

TABLE 1 (Continued)

Characteristics No. of patients (%)
High risk cytogenetics® detected by iFISH

No 348 (67.7%)

Yes 92 (17.9%)

Missing 74 (14.4%)
Del(17) detected by iFISH

No 420 (81.7%)

Yes 27 (5.3%)

Missing 67 (13.0%)
t(4;14) detected by iFISH

No 392 (76.3%)

Yes 69 (13.4%)

Missing 53 (10.3%)
t(14;16) detected by iFISH

No 405 (78.8%)

Yes 34 (6.6%)

Missing 75 (14.6%)
Chemotherapy

Thalidomide-based 285 (55.4%)

Lenalidomide-based 216 (42.0%)

Bortezomib-based 13 (2.5%)

Abbreviations: ECOG PS = Eastern Cooperative Oncology Group per-
formance status, BMPC = clonal bone-marrow plasma-cell percentage,
sFLC = serum free light chain, iFISH = interphase fluorescence in situ

hybridization.

2del17p, t(4;14) or t(14;16).

and with LDH <1.5X[upper normal limit] (median OS 48.0 [95% ClI,
36.1-59.9] vs. 46.8 [95% Cl, 14.6-78.9], P = 0.405).

4 | DISCUSSION

A robust prognostic model is necessary to categorize patients into
homogeneous risk groups, particularly in diseases with heterogeneous
outcomes such as MM. Moreover, the validation of a prognostic model
is an important step for its acceptance as an effective prognostic tool
and use in daily clinical practice. The current study demonstrates that
the R-ISS is well validated in Korean patients with newly diagnosed
MM who were treated with novel agents as a primary therapy.

Using the R-ISS, 12.5% (n = 64) of our cases were classified as
R-ISS stage 1, 65.8% (n = 338) as R-ISS stage 2, and 21.8% (n = 112) as
R-ISS stage 3, and there were significant differences in PFS and OS
rates between the groups. This is in line with the results of recent stud-
ies, which have also demonstrated that the R-ISS was well validated in
MM patients in the era of novel agents.2?2 The ISS, the former stand-
ard prognostic model, was also prognostic among our MM population
in terms of both PFS (P=0.001) and OS (P=0.001). The IBS
demonstrated that the predictive accuracy was acceptable for both ISS
and R-ISS. However, the prognostic significance of ISS is mainly due to
the poorer survival outcomes of ISS stage 3 patients. There were no
significant differences in the PFS and OS rates between ISS stage 1
and 2 patients (P = 0.067 for PFS and P = 0.334 for OS, respectively).
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FIGURE 1 Survival outcomes according to ISS. (a) Progression-
free survival. (b) Overall survival [Color figure can be viewed at
wileyonlinelibrary.com]

Moreover, the R-ISS demonstrated a significant improvement of dis-
criminative power compared to the ISS in the C-statistic, although the
magnitude of improvement was small (0.769 vs. 0.696, P < 0.001). In
addition, R-ISS showed a better calibration performance compared to
ISS ([x2 = 2.222, P = 0.334] vs. [ = 11.443, P = 0.004]).

In contrast to the results of the log-rank test and C-statistic analy-
ses, NRI analyses indicated that the R-ISS did not show better predic-
tion of survival outcomes than the ISS. The event rate of ISS stage 1
patients who were reclassified as R-ISS stage 2 was higher than that of
patients reclassified as R-ISS stage 1 (41.3% vs. 15.1%), suggesting that
higher-risk ISS stage 1 patients were appropriately reclassified as R-ISS
stage 2. However, the event rate of ISS stage 3 patients who were
reclassified as R-ISS stage 2 was similar to that of patients reclassified
as R-ISS stage 3 (42.4% vs. 43.5%), suggesting that the R-ISS inap-
propriately reclassified ISS stage 3 patients. This resulted in an overall
NRI of —0.03 (95% Cl, —0.14-0.08, P = 0.602), meaning that the R-ISS
did not better reclassify patients from the ISS. Another reason for this
unexpected result might be that none of the ISS stage 2 patients were

reclassified into another risk group, which resulted in both event and

nonevent NRI values being close to zero; consequently, total NRI value
was close to zero. Moreover, this led to an imbalance in the number of
patients among the three stages of R-ISS, with more than half of the
patients classified as R-ISS stage 2 (n = 338, 65.8%).

The subgroup analysis of each ISS risk group had similar results as
the NRI analysis. In ISS stage 1 patients, there was a significant differ-
ence in OS between patients with either high-risk factor and those
with no high-risk factor. However, in ISS stage 2 or 3 patients, there
were no significant differences in OS between patients with either
high-risk factor and no high-risk factor. Moreover, there were no
significant differences in OS between ISS stage 1 patients with either
high-risk factor and ISS stage 3 patients with either high-risk factor
(3-year OS rate 58.2% vs. 56.2%, P =0.598) (Supporting Information
Figure S3). This suggests that the presence of either abnormal LDH or
high-risk cytogenetics resulted in poor OS in ISS stage 1 patients but
not in ISS stage 2 or 3 patients.

Our current study results demonstrate that although the R-ISS is
well validated and has significantly better discriminative power than
the ISS, there remain several limitations with this system that suggest
there is still room for improvement. To ensure uniform availability,
only three widely available cytogenetic markers, del(17p), t(4;14),
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FIGURE 2 Survival outcomes according to R-ISS. (a) Progression-
free survival. (b) Overall survival [Color figure can be viewed at
wileyonlinelibrary.com]
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TABLE 2 Reclassification table
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% reclassified into new risk

R-ISS (n = 514) category
1SS 1 2 3 Total (% of ISS) Lower Higher Total
1 64 49 - 113 (22.0%) 0.0% 43.4% 43.4%
Event rate at 36 months 15.1% 41.3% =
2 - 210 - 210 (40.9%) 0.0% 0.0% 0.0%
Event rate at 36 months = 28.6% =
3 - 79 112 191 (37.2%) 41.4% 0.0% 41.4%
Event rate at 36 months = 42.3% 43.5%

Total (% of R-ISS) 64 (12.5%) 338 (65.8%)

and t(14;16), were used in the R-ISS. However, MM patients with
other CAs, such as gain 1q and t(14;20), are also known to have a
poor prognosis, so these factors should also be included in the stag-
ing system.* More recently, gene expression profiling (GEP) has
been extensively investigated as a potential tool for the assessment
of risk in MM, and several GEP classifiers have been developed.'>~”
Studies have demonstrated that patients classified as being in a
high-risk group based on these GEP classifiers have shorter survival
than the low-risk group. Therefore, although GEP is quite complex
and costly for routine use, it can provide additional prognostic value
to the staging system.

Most previous studies on prognostic models for MM, including
those that have investigated the ISS, the R-ISS, and GEP, have focused
only on tumor-related prognostic factors.2*'5"17 However, patient-
related factors such as age, PS, and renal function still play important
roles as prognostic factors for MM patients.'8-2° Moreover, in diseases
such as lymphoma, tumor-related and patient-related factors are
combined to constitute prognostic models used in daily clinical
practice.2*?? Thus, a combinatorial approach using both tumor-related
and patient-related prognostic factors should also be considered an
important strategy for the improvement of the staging system.

Researchers continue to seek new risk factors that can predict the
survival rates of certain diseases and try to incorporate them into risk-
assessment algorithms to develop new prognostic models. However,
the critical question arises of how new prognostic models are to be
evaluated. In MM, most studies have focused on the validation of new
prognostic models. To the best of our knowledge, our present study is
the first to evaluate the discriminative power, prediction accuracy,
calibration for agreement and ability of the R-ISS to reclassify patients
from the ISS using various statistical measures. These results suggest
that in addition to validation, other statistical measures are necessary
to assess and quantify improvement in risk prediction offered by new
prognostic models.

This study had several limitations of note. Only Korean patients
were analyzed, and so our findings should be further investigated in a
different population of MM patients. In addition, our median follow-up

duration was relatively short. Furthermore, as expected for any

112 (21.8%)

retrospective study, there may have been a selection bias. Moreover,
information on other prognostic factors such as 1q abnormalities, t
(14;20), or GEP were not available. Finally, because our primary intent
was to validate the R-ISS and to investigate its discriminative power
and ability to reclassify patients from the ISS, patients with available
ISS and R-ISS stages but without complete data for LDH and FISH
results were also included in analyses. However, as only data for ISS
and R-ISS stages were required for validation, C-statistics, and NRI
analyses, it is unlikely that patients with incomplete data for LDH and
FISH influenced our results.

In conclusion, the R-ISS performs well and has significantly better
discriminative power than the ISS in MM patients treated with novel
agents as a primary therapy. However, it does not better reclassify 1SS
stage 3 patients, suggesting that there is still room for its improvement.
Thus, further studies to improve the staging system in MM patients are
clearly warranted. Moreover, other statistical measures for assessing
and quantifying the risk prediction of new prognostic models are

necessary in future studies.
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