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his first validation of the International Myeloma Working Group
geriatric assessment in 125 newly diagnosed multiple myeloma
patients was performed using the International Myeloma
Working Group score based on age, the Charlson Comorbidity Index
and cognitive and physical conditions (Activities of Daily Living /
Instrumental Activities of Daily Living) to classify patients as fit, intermediate-fit or frail. We verified the International Myeloma Working
Group score's impact on outcome, and whether additional tools complement it. Since our prior analyses determined renal, lung and
Karnofsky performance impairment as multivariate risks, and the inclusion of frailty, age and cytogenetics complements this, we included the
revised myeloma comorbidity index, the Charlson Comorbidity Index,
the Hematopoietic Cell Transplantation-Comorbidity Index and the
Kaplan-Feinstein Index in this assessment. Multivariate analysis confirmed cytogenetics, Activities of Daily Living, Instrumental Activities
of Daily Living and the Charlson Comorbidity Index as risks: 3-year
overall survival for fit, intermediate-fit and frail patients was 91%, 77%
and 47%, respectively. Using the Charlson Comorbidity Index, the
Hematopoietic Cell Transplantation-Comorbidity Index, the KaplanFeinstein Index and the revised Myeloma Comorbidity Index allowed
us to define fit and frail patients with distinct progression-free and overall survival rates, with the most pronounced differences evidenced via
the International Myeloma Working Group score, the Charlson
Comorbidity Index and the revised Myeloma Comorbidity Index. Since
the Charlson Comorbidity Index is included in the International
Myeloma Working Group score, we propose the latter and the revised
Myeloma Comorbidity Index for future frailty measurements. Both are
useful instruments for identifying myeloma patients with a geriatric risk
profile and have a strong prognostic value for functional decline and
overall survival. The study was registered as: (clinicaltrials.gov Identifier:
00003686).

Introduction
Treatment concepts and survival of multiple myeloma (MM) patients have substantially changed due to our better understanding of the disease, novel risk-adapted therapies and improved supportive care measures.1-3 MM typically affects elderly patients
haematologica | 2016; 101(9)
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whose prognosis varies widely and remains more unfavorable than in younger patients. This is shown to be related to
a higher frequency of treatment discontinuation and nonhematological adverse events.3-8 Moreover, elderly and frail
patients are less frequently included in clinical trials and
may receive fewer novel agents.2-4,7-10 This typically occurs
because multimorbidity and the interaction of various medications can complicate the treatment of patients, limit their
physical condition and impair survival.7,8,10
However, the global population is aging rapidly and the
increasing number of elderly patients demands reliable
tools to assess their vulnerability as expressed in chronic
conditions and limitations in daily activities. Novel risk
scores can either rely on MM tumor burden, as postulated
with the combined use of the International Staging System
(ISS), lactate dehydrogenase (LDH) and high-risk cytogenetics,5,11 and/or the functional condition of patients, which is
assessed worldwide.12-16 A functional or geriatric assessment
(GA) offers the possible advantage of guiding therapeutic
decisions and may prove essential when accounting for
treatment compatibility, drug-induced side effects, and
mortality.2,14,17,18 This has been acknowledged as relevant,
along with competent clinical judgment, apart from those
risks generated through the myeloma itself.
GA tools have been postulated to be valuable in different
cancers. However, most are not myeloma-specific (such as
the Charlson Comorbidity Index [CCI], the Hematopoietic
Cell Transplantation-Comorbidity Index [HCT-CI] or the
Kaplan-Feinstein [KF] Index). It has not yet been determined
which of these is most applicable to myeloma. The
International Myeloma Working Group (IMWG) demonstrated, in a pooled analysis of 869 newly diagnosed MM
patients, that their IMWG score defined fit, intermediate-fit
and frail patients and predicted the risk of mortality. This
IMWG score combines age, Activities of Daily Living
(ADL), Instrumental Activities of Daily Living (IADL) and
CCI. The authors proposed the IMWG score as an additional tool for clinical evaluation, cross-comparison of clinical
trials and for the measurement of frailty in designing future
trials.4 Indeed, prospective randomized studies constitute a
good basis for the development of prognostic scores, since
they meet all requirements postulated to be important.2,6-8
However, they bear the additional challenge that patients
therein are selected according to strict inclusion criteria.
Therefore, an internal and external validation of postulated
prognostic scores in unselected patient cohorts is necessary.7,8,10,19
Since the IMWG score was tested, but not validated, the
authors encouraged others to substantiate their findings.4,6
In particular, "real world" patients were urged to be
assessed, since the IMWG data was based on clinical trial
patients who were stringently treated within trial protocols,
where the frailest patients were excluded.6 Thus, it was of
relevance to assess the external validity of the IMWG score
in order to obtain confirmation in "real-world" patients
from population-based registries and prospective analyses.6
Splitting the IMWG cohort by the investigators into a test
and validation cohort would have resulted in an internal
validation, again bearing the limitation of the results being
solely based on clinical trial participants.19
Herein, we prospectively and carefully assessed the
IMWG score's impact on clinical outcome, and are the first
who have thoroughly validated the IMWG baseline GA in
a well-characterized external cohort. Since our prior analyses demonstrated that multivariate risk factors in MM
haematologica | 2016; 101(9)

patients include impaired renal function, lung function and
Karnofsky performance status (KPS),2,7,8,10,20 and that with a
revised Myeloma Comorbidity Index (R-MCI), the inclusion of frailty, age and cytogenetics improves its prediction
of fit, intermediate-fit and frail patients,21 we included the
R-MCI, CCI, HCT-CI and KF Index in this analysis. Our
intention was validation, as diligently performed herein,
and not the improvement of the IMWG score.

Methods
Patient population and study design
In analogy to the IMWG analysis,4 we performed a baseline
GA in 125 consecutive patients with MM at the time of initial
diagnosis and first presentation at our center. Patients received
standard antimyeloma treatment according to the institutional
MM pathway and current recommendations.2,22 As seen with the
IMWG cohort (a.] EMN-01 trial: Rd vs. MPR or CPR, b.]
26866138MMY2069 trial: VP vs. VCP or VMP, and c.] IST-CAR506 trial: carfilzomib (Cd)), therapy regimens differed, but were
those of current antimyeloma treatment: induction mostly consisted of VCD (bortezomib, cyclophosphamide, dexamethasone): patients ineligible for autologous stem cell transplantation
(ASCT) received 9 cycles of VCD, and for medically fit patients
up to the age of 70 years old, ASCT with VCD induction was
performed. If feasible, patients were included in prospective multicenter trials such as the Clarion study, where instead of VCD,
patients were randomized to VMP (bortezomib, melphalan,
prednisone) or carfilzomib plus MP (melphalan, prednisone), or
in the DSMM XII, XIII, XIV trials (n=49, 40%). Briefly, patients in
the DSMM XII and XIV trials received RAD (lenalidomide, adriamycin, dexamethasone)23,24 induction, or RAD vs. VRD (bortezomib, lenalidomide, dexamethasone),23,25 respectively. Patients
in the DSMM XIII trial were randomized to lenalidomide and
dexamethasone (Rd) vs. Rd with ASCT.26 The diversity of different induction regimens in the IMWG cohort vs. ours were seven
vs. six, respectively. As treatment differed in both the IMWG and
our cohort, both analyses adjusted their univariate and multivariate models for known prognostic factors (ISS, cytogenetics and
therapy).
The analysis was carried out according to the guidelines of the
Declaration of Helsinki and Good Clinical Practice. All patients
gave their written informed consent for institutional-initiated
research studies and analyses of clinical outcome studies conforming to the institutional review board guidelines. The study was registered as follows: (clinicaltrials.gov identifier 00003868).
The primary objectives of this analysis were to recapitulate the
IMWG score in our MM cohort, to assess additional GA tools to
predict fit vs. frail patients and how these geriatric parameters predict overall survival (OS). The secondary objectives included the
impact of the IMWG score as compared to the R-MCI, CCI, HCTCI and KF Index, and to assess their value for OS and progressionfree survival (PFS).

Assessment
The GA consisted of 6 tools: the Katz ADL, the Lawton IADL,
CCI, HCT-CI, KF Index and R-MCI as described.4,9,18,21,22 The
comorbidities assessed in the R-MCI are depicted in the Online
Supplementary Table S1, and the CCI, HCT-CI, KF Index and RMCI in the Online Supplementary Table S2. Online Supplementary
Table S1 defines 13 comorbidity factors as mildly, moderately or
severely impaired based on the Common Terminology Criteria
for Adverse Events (CTCAE) 4.0 and included: renal impairment,
1111
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lung and KPS impairment, cardiac, liver or gastrointestinal disease, disability, frailty, infection, thromboembolic events, peripheral neuropathy, pain, and secondary malignancies. In addition,
age and cytogenetics were assessed: del(17p13), del(13q14),
t(4;14), t(14;16); t(14;20), hypodiploidy, c-Myc and chromosome
1 aberrations were defined as unfavorable, and t(11;14), hyperdiploidy and a normal karyotype as favorable cytogenetics.
Genetic abnormalities were detected by fluorescence in situ
hybridization (FISH). Renal function was determined via estimated glomerular filtration rate ([eGFR] by MDRD), and lung disease
via a lung function test. Pulmonary obstruction and/or restriction
were distinguished with the aid of parameters such as forced
expiratory volume in one second (FEV1), the Tiffeneau-Pinelli

index (FEV1/FVC) and total lung capacity (TLC). Respiratory
insufficiency was detected through oxygen and carbon dioxide
levels in arterial blood gas analysis. Pulmonary obstruction was
graded through the impairment of the FEV1: a FEV1 of ≥80% was
scored as mild, <80-50% as moderate, and <50% as severe. The
KPS was defined as normal (100%), mildly (90%), moderately
(80%) or more substantially impaired (≤70%). Frailty and disability were assessed in order to obtain a more precise determination
of the physical condition of patients. The Fried definition was
utilized for frailty: this takes into account the added presence of
weakness, poor endurance, low physical activity, and slow gait
speed.27,28 Patient characteristics included age, ISS and treatment
(Table 1).

Table 1. Baseline patient characteristics of University Clinic Freiburg (UKF) and IMWG cohorts.

UKF cohort (n=125)
% of patients
Median (IQR/range)
Age, years
≤65
66-74
≥75
≥80
Creatinine, mg/dl
<2
≥2
Missing
ECOG PS
0
1
2
3
ISS
I
II
III
Chromosomal aberrations
Favorable
Unfavorable
Missing
ADL
>4
≤4
IADL
>5
≤5
CCI
<2
≥2
HCT-CI
<2
≥2
KF
<2
≥2
R-MCI
0-3
4-6
7-9
Therapy
Lenalidomide-containing regimens
PI-containing regimens

IMWG cohort (n=869)
% of patients
Median (IQR/range)

63 (56-71)
59
26
15
3

74 (70-78)
2
52
46
19

1 (0.80-1.40)

0.98 (0.80-1.22)

85
15
0

92
5
3

22
50
26
2

30
46
19
2

28
34
38

28
42
31

51
32
17

38
24
17*
4 (4-5)

48
52

6 (5-6)
86
14

8 (6.4-8)
85
15

8 (6-8)
82
18

2 (1-3)
35
65

0 (0-1)
83
17

2 (0-3)

n.d.

1 (1-2)

n.d.

5 (4-6)

n.d.

49
51
62
38
22
65
13
68
32

76
24

UKF: University Clinic Freiburg = medical center cohort of patients of the UKF site; IMWG: International Myeloma Working Group4; IQR, interquartile range. Unfavorable defined as
t(4;14) or t(14;16) or del(17p13); * 21% still missing (∑ 79%); ECOG PS: Eastern Cooperative Oncology Group Performance Status; ADL: Activities of Daily Living; IADL:
Instrumental Activities of Daily Living; CCI: Charlson Comorbidity Index, scored without lymphoma/myeloma; ISS: International Staging System; HCT-CI: Hematopoietic Cell
Transplantation-Comorbidity Index; KF: Kaplan-Feinstein Comorbidity Index; R-MCI: revised Myeloma Comorbidity Index; n.d.: not done; PI: proteasome inhibitor.
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Statistical analysis
Data were analyzed using SAS 9.2 (SAS Institute Inc., NC, USA).
OS was calculated from the date of first presentation at our center
until the date of death from any cause, while PFS was calculated
from the date of first presentation until the date of progression,
relapse or death from any cause. Observations, where the event of
interest did not occur, were censored at the time the patient was
last seen alive/without a documented event, or at the latest on June
1st, 2015. OS and PFS rates were estimated using the Kaplan-Meier
method and compared using the log-rank test.
The IMWG score was assessed and compared to the R-MCI,
HCT-CI, CCI and KF Index, evaluating the prognostic role on OS
in our cohort with Cox regression models (Table 2). Results were
presented as estimated hazard ratios (HRs) with two-sided 95%
confidence intervals (CI) and corresponding P-values (Table 2). Cox
regression models obtained and displayed in the analysis of the
IMWG data were repeated using our data (Tables 2-4) in order to
compare the IMWG score and R-MCI, as well as other internationally renowned, but MM unspecific comorbidity scores, such as the
CCI, HCT-CI and KF Index (Tables 3 and 4).
Multivariate risks, on which the IMWG score is based,4 were
used to score fit, intermediate-fit and frail patients (Table 2). This
IMWG score was also applied in order to compare fit vs. frail
patients defined by the use of the R-MCI, CCI, HCT-CI and KF
Index (Table 3), and via univariate and multivariate models evaluating the prognostic value of the scores, alone and adjusted for
known prognostic factors (ISS, cytogenetics, therapy; Table 4): 125
patients with 28 OS events (deaths) and 64 PFS events (death or
disease progression) were included in the analyses. Our main

results relied on univariate Cox models, namely the presentation of
OS and PFS comparisons according to the fitness scores of patients
(Table 4), and on multivariate analyses to adjust for 3 additional
known prognostic factors, specifically ISS, chromosomal abnormalities and therapy. (Table 4).

Results
Patient characteristics
The analysis included 125 consecutive, prospectively
assessed MM patients. The median follow-up was 28
months (interquartile range [IQR] 22-33). The median age
was 63 years of age, 26% of patients were 66-74 years old
and 15% older than 75 years of age (Table 1), which is typical for tertiary centres.7,8,10,21,22,29 This was in contrast to the
IMWG cohort,4 where 46% of patients were older than 75
years of age (Table 1), albeit various other patient characteristics were comparable, e.g. renal function in both showed
a median creatinine of 1mg/dl, the Eastern Cooperative
Oncology Group performance status (ECOG PS) 0-1 was
similarly distributed with 72% and 76%, respectively,
patients had mostly ISS II/III stages in 72% and 73%,
respectively, and the frequencies of unfavorable, favorable
and missing chromosomal aberrations appeared similar.
Moreover, the median IADL score in both cohorts was
uncompromised at 8 (Table 1).
Since the IMWG cohort consisted exclusively of clinical
trial patients4 and ours of consecutive "real world" patients,

Table 2. Final Cox regression model of University Clinic Freiburg (UKF) and IMWG cohorts.

Age, years
≤75
76-80
>80
ISS
I
II
III
Chromosomal
aberrations
Favorable
Unfavorable
Missing
ADL
>4
≤4
IADL
>5
≤5
CCI
<2
≥2
Therapy
PI-containing regimens
Lenalidomide-containing
regimens

HR (95% CI)

UKF cohort (n=125)
P

1
1.72 (0.53-5.62)

0.369

1
0.80 (0.25-2.54)
1.30 (0.50-3.77)

HR (95% CI)

IMWG cohort (n=869)
P

Score*

1
1.13 (0,76-1,69)
2.40 (1.56-3.71)

0.549
<0.001

0
1
2

0.704
0.628

1
2.37 (1.38-4.09)
3.21 (1.85-5.58)

0.002
<0.001

-

1
2.51 (1.11-5.69)
0.51 (0.10-2.50)

0.027
0.403

1
1.79 (1.23-2.60)
1.13 (0.69-1.83)

0.002
0.036

-

1
2.37 (1.05-5.35)

0.039

1
1.67 (1.08-2.56)

0.020

0
1

1
5.65 (1.99-16.01)

0.001

1
1.43 (0.96-2.14)

0.078

0
1

1
3.59 (1.17-11.03)

0.026

1
1.37 (0.92-2.05)

0.125

0
1

1
0.56 (0.24-1.28)

0.165

1
0.74 (0.5.-1.11)

0.142

-

UKF: University Clinic Freiburg = medical center cohort of patients of the UKF site; IMWG: International Myeloma Working Group. Unfavorable defined as t(4;14) or t(14;16) or
del(17p13); CI: confidence interval; HR: hazard ratio; ADL: Activities of Daily Living; IADL: Instrumental Activities of Daily Living; CCI: Charlson Comorbidity Index, scored without
lymphoma/myeloma and age; ISS: International staging System; PI: proteasome inhibitor. *The IMWG score was based on final Cox regression model results as described4; we
therefore used this IMWG score likewise with identical weights.
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there were some differences: the number of patients with
substantial renal impairment (creatinine >2 mg/dl) was
15% in our cohort (IMWG cohort: 5%), our patients
showed an ECOG PS of 2-3 in 28% (IMWG: 21%), ISS III
frequencies were higher at 38% (IMWG 31%), and unfavorable cytogenetics in 32% of our patients were higher as
compared to 24% in the IMWG cohort. Unfavorable, favorable and missing cytogenetics in the IMWG cohort were
24%, 38% and 17%, respectively, vs. 32%, 51% and 17%
in ours, respectively, suggesting with the IMWG cytogenetic data in 79% of patients that another 21% were missing
(17+21%=38%). Supporting the characteristics of our "real
world" patients vs. the IMWG cohort, our median ADL

score was lower with 4 vs. 6, respectively, and the CCI was
higher with 2 vs. 0, respectively (Table 1). In agreement
with these findings, the median HCT-CI, KF Index and RMCI in our patients - not objectives of the IMWG analysis
- were 2, 1 and 5, respectively, and thus reflected a typical,
moderately impaired patient cohort.2,7,8,10,22,29

Identification of prognostic variables in the Cox
regression model
The impact of advanced age, functional decline on ADL
and IADL, ISS, cytogenetics, therapy and the presence of
comorbidities leading to a worsening of OS was investigated in a multivariate Cox regression model (Table 2). The

B

Progression-free survival

Progression-free survival

A

P=0.0956

D

Progression-free survival

Progression-free survival

C

P<0.0001

P=0.0331

P=0.7858

Progression-free survival

E

P=0.3822

1114

Figure 1. Kaplan-Meier estimates for progression-free survival (PFS) (n=125)
according to different comorbidity scores [P-values; log-rank test]. (A) PFS in
our patients divided into fit, intermediate-fit and frail patients showed group differences between both fitter patient groups and frail patients using the IMWG
score. (B) PFS according to the R-MCI revealed better group distinctions
between fit, intermediate-fit and frail patents. (C-E) PFS according to CCI risk
groups again showed significant difference, whereas these were undetectable
with the use of both HCT-CI (D) and Kaplan-Feinstein (E).
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final prognostic model obtained after backward selection in
the IMWG data was applied to ours. The results were compared to the IMWG results. Age <80 years showed no significant impact on OS (HR 1.72; P=0.369), which is in agreement with the IMWG score,4 whereas unfavorable cytogenetics (HR 2.51; P=0.027), ADL ≤4 (HR 2.37; P=0.039),
IADL ≤5 (HR 5.65; P=0.001) and CCI ≥2 (HR 3.59; P=0.026)
significantly reduced OS, the latter three being in accordance with IMWG results (Table 2). Both IADL and CCI in
the IMWG cohort increased the HR for impaired OS to 1.43
and 1.37, respectively, but failed to reach significance.4 In
our patients, the IADL and CCI revealed a higher HR and
reached significance for the CCI, which was likely related
to our median CCI of 2 as opposed to 0 in the IMWG trial
cohort. Therefore, more CCI-relevant comorbidities were
present in our cohort vs. those within the IMWG study4
(Tables 1 and 2). Using the 4 IMWG risk factors: age,
impaired ADL, IADL and CCI to define 3 risk groups,
patients were stratified into fit (score=0), intermediate-fit
(score=1) and frail (score ≥2) patients, displaying substantially different OS and PFS (Tables 3 and 4).

Comorbidity scores and OS and PFS at 3 years for both
the University Clinic Freiburg (UKF) and IMWG cohorts
According to the proposed IMWG score that determined
fit, intermediate-fit and frail patients with an additive total
score of 0, 1 and 2, respectively,4 we had fewer fit (18% vs.
39%), similar intermediate-fit (34% vs. 31%) and more frail
patients (48% vs. 30%) than in the IMWG cohort (Table 3):
similar to the IMWG data, our 3-year OS was 91% for fit,
77% for intermediate-fit (HR 1.77; 95% CI 0.36-8.75;
P=0.487) and 47% for frail patients (HR 5.80; 95% CI 1.3524.96; P=0.018; Tables 3 and 4). In the multivariate analysis
we also confirmed that, when adjusted for staging and the
treatment administered, frailty profiles and comorbidity
scores were associated with shorter OS (Table 4).
By applying the IMWG score, the 3-year PFS in our
cohort was 43% for fit, 25% for intermediate-fit (HR 1.19;
95% CI 0.56-2.55; P=0.648) and 22% for frail patients (HR

1.90; 95% CI 0.94-3.86; P=0.075; Tables 3 and 4). PFS for
fit patients was comparable to the IMWG data, albeit
lower for intermediate-fit and frail patients, which was
likely related to more patients with comorbidities, higher
CCI and lower ADL in our cohort (Tables 1 and 3).
Using the 4 other comorbidity scores, namely R-MCI,
CCI, HCT-CI and KF Index, also allowed division of fit
and frail patients based on previously proposed cutoffs,
with substantially different OS and PFS (Table 3). Of note,
the proportion of patients via elevated HCT-CI ≥2, KF
Index ≥2, CCI ≥2 and R-MCI ≥4, differed substantially,
with 38%, 51%, 65% and 78%, respectively (Table 3).
Nevertheless, all 4 scores revealed PFS and OS group differences between fit and frail patients, the most pronounced being observed with the use of the IMWG, CCI
and R-MCI (Figures 1 and 2).

Univariate and multivariate analysis of the impact of
frailty on OS and PFS for the University Clinic Freiburg
(UKF) and IMWG cohorts
In Table 3, 3-year OS and PFS rates are presented with
accompanying 95% CI. These comparisons refer to one single time point, where CIs are large due to smaller observation numbers at the end of the observation period. In Table
3, we intended to provide additional descriptive information to Figures 1 and 2, and to provide comparability to 3year OS and PFS rates reported by the IMWG.4 The proper
way to compare groups with respect to OS and PFS over
the complete observation period is via Cox models, as presented in Table 4. HRs via multivariate analysis were associated with shorter OS and PFS using the IMWG score, as
well as when R-MCI, CCI, HCT-CI and the KF Index were
applied. These frailty scores reached significance for OS
with the use of the IMWG score for frail vs. both fit and
intermediate-fit patients, although the two fittest patient
groups clustered together. Similarly, significant OS differences between fit and frail patients were notable with the
use of both the R-MCI and CCI. For PFS, the IMWG score
showed differences for frail patients vs. the two fitter

Table 3. Comorbidity scores and related rates of OS and PFS at 3 years of University Clinic Freiburg (UKF) and IMWG cohort.

Score
IMWG score
0
1
>2
CCI
<2
≥2
HCT-CI
<2
≥2
Kaplan-Feinstein (KF)
<2
≥2
R-MCI
0-3
4-6
7-9

UKF cohort (n=125)
No. of Patients
% (95% CI)
Patient status
(%)
OS
PFS

IMWG cohort (n=869)
No. of Patients
% (95% CI)
(%)
OS
PFS

Fit
Intermediate-fit
Frail

22 (18)
43 (34)
60 (48)

91 (78-100)
77 (55-95)
47 (26-67)

43 (17-70)
25 (1-49)
22 (2-43)

340 (39)
269 (31)
260 (30)

84 (78-89)
76 (67-82)
57 (45-68)

48 (41-56)
41 (32-49)
33 (25-41)

Fit
Frail

44 (35)
81 (65)

89 (79-99)
52 (34-69)

44 (24-63)
13 (0-33)

n.d.

n.d.

n.d.

Fit
Frail

61 (62)
64 (38)

70 (46-93)
60 (44-76)

34 (18-51)
27 (9-45)

n.d.

n.d.

n.d.

Fit
Frail

78 (49)
47 (51)

68 (51-86)
62 (44-80)

38 (24-53)
13 (0-33)

n.d.

n.d.

n.d

Fit
Intermediate-fit
Frail

27 (22)
82 (66)
16 (12)

89 (75-100)
68 (54-82)
20 (0-51)

25 (9-41)
-

n.d.

n.d.

n.d.

UKF: University Clinic Freiburg = medical center cohort of patients of the UKF site; IMWG, International Myeloma Working Group; CI: confidence interval; CCI: Charlson Comorbidity
Index; HCT-CI: Hematopoietic Cell Transplantation-Comorbidity Index; R-MCI: revised Myeloma Comorbidity Index; n.d.: not done; OS: overall survival; PFS: progression-free survival.
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patient groups, however this difference did not reach significance in our cohort. Significant PFS differences via CCI (<2
vs. ≥2) and R-MCI (≤3 vs. ≥4) were also observed (Table 4,
Figures 1 and 2).
These frailty scores continued to be associated with
shorter OS and PFS when adjusted for staging and the treatment administered, again with the most pronounced group
differences being those between frail vs. fitter patients
when these were determined using the IMWG score, CCI
and R-MCI (Table 4).

yet the overall prognosis depends on a variety of diseaseand host-related risks.2,18,21,22,29 As individualized treatment
aims to balance therapy options against toxic side effects, to
preserve quality of life and to further improve survival,
there is an obvious rationale for incorporating risk assessment tools into the management of predominantly older
patients. This supports the inclusion of additional objective,
quantifiable and reproducible information on individual
patients beyond the clinical judgment of physicians.
Furthermore, this seems relevant in order to avoid applying
less effective therapies to older yet fit patients.2,7,16
Therefore, cancer experts have recognized that the consideration of age alone is insufficient for choosing adequate
therapy strategies. Nevertheless, age cutoffs continue to
exist, and unfortunately older patients are often excluded
from clinical trials.7,9,10,18,22,24,30–33

Discussion
MM management strategies continue to evolve, and in
the past few decades survival has improved significantly,

A

B

P=0.0021

C

P=0.0054

D

P=0.0059

P=0.0991

E

P=0.2754
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Figure 2. Kaplan-Meier estimates for overall survival (OS) (n=125) according
to different comorbidity scores [P-values; log-rank test]. (A) Overall survival
(OS) according to the IMWG score assessed with our MM patient cohort
showed improved OS for patients classified as fit (low-risk) or intermediate-fit
(intermediate-risk) vs. those determined frail (high-risk)4. OS for the fit and
intermediate-fit group was slightly, but insignificantly different. (B) OS according to the R-MCI showed improved survival of fit (low-risk) vs. intermediate-fit or
frail (high-risk) patients. Differences between these 3 groups of fit, intermediate-fit and frail patients were more distinct compared to the IMWG score.4
(C-E) OS according to the CCI,12 dividing patients into two groups with CCI <2 vs.
CCI ≥2 comorbidities, revealed significant OS differences, which were more
pronounced than fit vs. frail patients assessed via HCT-CI (D) or KaplanFeinstein (E).
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Our prior test and validation analyses have demonstrated
the significant influence of impaired organ function, such as
renal function and lung function as well as KPS on the PFS
and OS of MM patients, thus implementing these factors in
a comorbidity tool, named MCI.7,8,10 The more refined use
of this MCI, tested and validated in a much larger independent cohort of 801 patients, confirmed the importance of
renal function, lung function and KPS, as well as age, frailty
and cytogenetics within a refined MCI (R-MCI).21 Other
studies have confirmed the relevance of assessing frailty,
quality of life and physical activity.18,32,34,35 The assessment of
organ function, such as renal and lung impairment, has
shown to influence survival rates, treatment toxicity and
early death.8,16,36 Moreover, tumor genetics have been
reported to relevantly influence the clinical heterogeneity of
MM.1,11,14,25,37,38 Although cytogenetics are important for risk
appraisal, we and others have demonstrated that physical
condition and organ function are likewise crucial.7,8,10,18
We herein assessed the IMWG score4 in an independent
external validation cohort. Patient characteristics were com-

parable, with a median creatinine of 1mg/dl, an ECOG PS
of 0-1 which was similarly distributed, primarily ISS II/III
stages, and an uncompromised median IADL score of 8.
However, there were differences: more of our patients had
unfavorable cytogenetics, lower ADL and higher CCI,
which is in agreement with the IMWG cohort consisting of
clinical trial patients only with strict inclusion criteria.
Importantly, we confirmed that an age of <80 years may
not substantially increase the risk for MM patients, demonstrating that suitable comorbidity tools and a precisely performed GA are helpful. Unfavorable cytogenetics increase
the HR for survival (HR 2.51; 95% CI 1.11-5.69), in addition, functional impairment as determined via ADL, IADL
or CCI increased the HRs in our cohort, showing higher
HRs in all 4 compared to the IMWG cohort (Table 2).
Our cohort was likewise split into IMWG patient groups
with 0, 1 and >2 risk factors showing comparably different
OS and PFS groups of fit vs. intermediate-fit and frail
patients; this was, however, also possible to perform via RMCI, CCI, HCT-CI and the KF Index (Table 3). Crude and

Table 4. Univariate and multivariate analysis of the impact of frailty on OS and PFS of University Clinic Freiburg (UKF) and IMWG cohort.

Score

Patient status

Crude
IMWG score
0
Fit
1
Intermediate-fit
>2
Frail
CCI
<2
Fit
≥2
Frail
HCT-CI
<2
Fit
≥2
Frail
Kaplan-Feinstein (KF)
<2
Fit
≥2
Frail
R-MCI
0-3
Fit
4-6
Intermediate-fit
7-9
Frail
Adjusted*
IMWG score*
0
Fit
1
Intermediate-fit
>2
Frail
CCI*
<2
Fit
≥2
Frail
HCT-CI*
<2
Fit
≥2
Frail
Kaplan-Feinstein (KF)*
<2
Fit
≥2
Frail
R-MCI*
0-3
Fit
4-6
Intermediate-fit
7-9
Frail

UKF cohort (n=125)
OS
PFS
HR (95% CI)
P
HR (95% CI)

P

OS
HR (95% CI)

IMWG cohort (n=869)
PFS
P
HR (95% CI)
P

1
1.77 (0.36-8.75)
5.80 (1.35-24.96)

0.487
0.018

1
1.19 (0.56-2.55)
1.90 (0.94-3.86)

1
0.648 1.61 (1.02-2.56)
0.075 3.57 (2.37-5.39)

0.042
0.001

1
1.18 (0.91-1.53)
1.68 (1.31-2.15)

.211
.001

1
3.98 (1.38-11.49)

0.011

1
1.79 (1.04-3.11)

0.036

n.d.

n.d.

n.d.

n.d.

1
1.89 (0.89-4.12)

0.105

1
1.07 (0.65-1.76)

0.786

n.d.

n.d.

n.d.

n.d

1
1.50 (0.72-3.18)

0.279

1
1.25 (0.76-2.05)

0.384

n.d.

n.d.

n.d.

n.d.

1
3.32 (0.77-14.29)
8.77 (1.82-42.32)

0.107
0.007

1
1.76 (0.86-3.62)
5.90 (2.42-14.39)

0.123
0.0001

n.d.

n.d.

n.d.

n.d.

1
1.45 (0.28-7.64)
6.06 (1.35-27.25)

0.661
0.019

1
1.22 (0.55-2.71)
2.15 (1.03-4.49)

1
0.631 1.37 (0.86-2.18)
0.042 2.88 (1.88-4.40)

0.181
0.001

1
1.08 (0.83-1.40)
1.48 (1.15-1.92)

0.583
0.003

1
3.62 (1.19-10.98)

0.023

1
1.94 (1.09-3.45)

0.024

n.d.

n.d.

n.d.

n.d.

1
1.76 (0.76-4.08)

0.185

1
1.08 (0.64-1.83)

0.779

n.d.

n.d.

n.d.

n.d.

1
1.20 (0.53-2.76)

0.659

1
1.25 (0.72-2.17)

0.428

n.d.

n.d.

n.d.

n.d.

1
3.13 (0.70-13.92)
8.34 (1.69-41.17)

0.134
0.009

1
1.83 (0.87-3.85)
6.26 (2.48-15.80)

0.114
0.0001

n.d.

n.d.

n.d.

n.d.

UKF: University Clinic Freiburg = medical center cohort of patients of the UKF site; IMWG, International Myeloma Working Group, *adjusted for ISS, cytogenetics, therapy; CI: confidence interval; R-MCI: revised Myeloma Comorbidity Index; HCT-CI: Hematopoietic Cell Transplantation-Comorbidity Index; n.d., not done; HR: hazard ratio; OS: overall survival; PFS:
progression-free survival.
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adjusted HRs of the IMWG score for OS and PFS proved to
separate frail, intermediate-fit and fit patients, the latter two
of which grouped together. This was confirmed when
assessing the IMWG score in a multivariate model adjusting
for known prognostic factors (Table 4). Both the CCI and RMCI, divided into fit vs. frail, showed substantially
increased HRs for OS and PFS, whereas less pronounced
differences for fit vs. frail patients were obvious with the
use of both the KF Index and HCT-CI. Therefore, our
detailed comparison of both the crude and adjusted IMWG
score with others, suggested some to be of particular value
in MM, such as the IMWG score, CCI and R-MCI, whereas
others, such as the KF Index and HCT-CI were of lesser significance. The CCI in particular has been tested in several
clinical settings and has shown its usefulness.9,12,18,34
However, scoring of the CCI has been modified2,4,7-10,18,39
since it is not specific for MM. Why the IMWG has chosen
the CCI to complement their IMWG score is therefore a
possible choice, albeit the CCI has been validated in diabetes and its value has also been questioned, all the more as
the median CCI in the IMWG cohort was extremely low,
with 0. Our results, that all comorbidity tools: IMWG score,
R-MCI, CCI, HCT-CI and the KF Index divide patients with
largely different OS and PFS, even though only the IMWG
score, R-MCI and CCI reached significance, are therefore of
value. Of note, both the IMWG score and R-MCI performed comparably well, as shown in other scores, where
2 geriatric screening tools (the G8 questionnaire and the
Flemish version of the Triage Risk Screening Tool [fTRST])
were compared.35
This is the first validation study that externally confirmed
the IMWG score and other relevant comorbidity tools in
real life patients, although our cohort was smaller, it nevertheless provides useful information for a validation analysis.
A common procedure is to divide a sample number into 2/3
for score construction and 1/3 for internal validation. In the
IMWG analysis,4 smaller subgroup analyses were performed, which also resulted in reduced sample sizes.
Therefore, we consider our data valuable, supporting the
usefulness of the IMWG score (and others) when applied to
different populations. Albeit our patients were typical for a
university center, they were younger than the IMWG
cohort.4 We have previously shown that stage and age
migration may occur29 and that older patients are increasingly seen in university centers: in a previous analysis of 816
MM patients, 3-fold increases for >70-year old patients
were observed.29 In this analysis we confirmed that the HR
for 60 to 70 and >70-year old MM patients increased from
1.72 to 3.46, respectively.29 The reason why the IMWG
cohort did not see an age risk in 76 to 80-year old patients
was most likely because: a) age is a lesser risk factor than
initially presumed - making simple comorbidity assessments as performed with experience as in our centers the
more important, and b) because the IMWG cohort included
only trial patients that were much fitter, and age is less relevant in those that fulfill all eligibility criteria. Another criticism might be that antimyeloma treatment differed from
those used in the IMWG study.4 Since easily assessable risk
scores are important to apply independent of treatment,
and previous analyses have shown that heterogeneous therapies are not surrogates for comorbidity risks, we consider
our analysis to be of equal importance to prior GA analyses,
including that of the IMWG. This is even more evident
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since we validated and complemented their findings, and all
risk scores were assessed as crude and adjusted scores
(Table 4).4
The strengths of this analysis were the accurate and
prospective assessment of the physical condition of patients
with no restriction of validity and information loss based on
multicenter data entries.6 Moreover, our cohort reflected
typical day to day patients, since ADL and CCI were affected compared to the IMWG cohort, whereas in both the
IADL was uncompromised with a median of 8. This suggests this daily activities score to be of lesser importance,
and questions the necessity to use both ADL and IADL in a
combined risk score. Our thoroughly performed validation
of the IMWG score and others, including the R-MCI, was
performed within a structured prospective GA and by an
experienced group who has been doing these assessments
for years.2,7,10,20,21 Moreover, we applied all current state-ofthe-art statistics with our renowned statistical team with
the important aim to validate easy to assess risk scores that
function to improve MM care.40
Currently, the IMWG score consists of: 1. age (3 age
groups), 2. ADL (6 self-care tasks), 3. IADL (8 house-hold
tasks), and 4. CCI (18 factors and maximum points of 33,
plus 1 point per decade of aging from the age of 50). As a
sum risk assessment, this constitutes 3+10+8+18=39 risks,
instead of 6 within the R-MCI. Thus, within the IMWG
score (including age and CCI), age is scored twice; suggesting by the direct comparison of both IMWG score and RMCI that the former is more challenging than the latter.
This can be verified, if the R-MCI is calculated via the website which we designed: www.myelomacomorbidityindex.org.
Nevertheless, our intention was pure validation of the
IMWG score, which we performed fastidiously. As with
the IMWG score, treatment was not modified according to
this score. A next step includes prospective randomized
clinical studies to design therapeutic approaches with the
help of a GA algorithm.2,14,20,41,42 We conclude that both
IMWG score and R-MCI are useful instruments in older
myeloma patients for identifying those with geriatric risks.
The publication of our validation analysis should attract the
attention of cancer experts and help in the care of MM
patients, the latter being an aim that all of us are enthusiastically persisting in daily.
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