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Abstract
Lenalidomide with dexamethasone is a standard induction treatment regimen for newly diagnosed
myeloma (although a Federal Drug Administration indication is still absent). In the context of the
Phase 3 clinical trial E4A03 (lenalidomide plus dexamethasone in low or high doses), we queried
whether a fluorescence in situ hybridization (FISH)-based genetic classification into high risk
(HR) and standard risk (SR) multiple myeloma (MM) would remain clinically significant. Of 445
E4A03 patients, 126 had FISH analysis; 21 were classified HR with t(4;14), t(14;16), or 17p13
deletions. Median survival follow-up approached 3 years. Patients with FISH data tended to be
younger and healthier compared to the rest of the study population and, consequently, had superior
overall survival (OS) results. Within the FISH cohort, shorter OS in the HR versus SR group
(P=0.004) corresponded to a hazard ratio of 3.48 [95% confidence interval: (1.42–8.53)], an effect
also observed in multivariate analysis. Two-year OS rates were 91% for SR MM and 76% for HR
MM. There was also evidence of interaction between risk status and treatment (p=0.026). HR
patients were less likely to attain good partial response (SR 46% and HR 30%, Odds Ratio=2.0
[0.7–5.6]), but overall response rates were not different. FISH-based risk classification retained
prognostic significance in patients receiving lenalidomide-based induction.
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INTRODUCTION
The presence of specific genetic abnormalities contributes to the heterogeneity in outcome
among patients with multiple myeloma (MM) (Fonseca et al, 2003; Avet-Loiseau et al,
2007). Translocations involving the immunoglobulin heavy chain locus on chromosome 14
are among the most common abnormalities seen in myeloma, with nearly one half of
patients having a balanced or unbalanced translocation between chromosome 14 and
chromosomes 4, 6, 11,16 or 20 (Fonseca et al, 2003; Avet-Loiseau et al, 2007). Among this
group of patients, the presence of t(4;14), t(14;16) or t(14;20) typically signifies a poor
outcome (Fonseca et al, 2003). In addition, abnormalities, such as 17p deletions, can be
found in 5–10% of patients at diagnosis, and increase in prevalence with disease
progression, comprising a group of patients with particularly poor outcome (Avet-Loiseau et
al, 2007; Chng et al, 2007; Drach et al, 1998). Use of these genetic markers along with other
traditional laboratory parameters, such as beta-2 microglobulin, or more modern techniques,
such as gene expression profiling, have been used in various combinations to develop risk
stratification systems (Decaux et al, 2008; Shaughnessy et al, 2007).

It is important to understand how these risk factors affect patient response in the context of
new therapies, so that treatment decisions can be individualized on the basis of risk
stratification (Kapoor et al, 2010). Subgroup analyses connected with recent clinical trials
have demonstrated that high-risk patients can overcome, albeit only partially, poor prognosis
with certain treatments, in particular bortezomib, and only for certain subsets (San Miguel et
al, 2008; Jagannath et al, 2007; Avet-Loiseau et al, 2010a). Other research has suggested
that treatment with lenalidomide and dexamethasone does not have the ability to alter patient
outcomes in the high risk group, as particularly seen in two trials of relapse, refractory MM
(Reece et al, 2009; Avet-Loiseau et al, 2010b) and in our own pilot study of initial therapy
with lenalidomide and dexamethasone (Kapoor et al, 2009). We have therefore examined
this question in a larger cohort of patients included in a Phase 3 randomized trial (Rajkumar
et al, 2010).
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PATIENTS and METHODS
Patients

Patients enrolled on the E4A03 randomized Phase 3 clinical trial, the results of which have
been previously published (Rajkumar et al, 2010), were included in the current study. On
E4A03, newly diagnosed patients were randomized to lenalidomide plus high-dose
dexamethasone (RD) versus lenalidomide plus low-dose dexamethasone (Rd). Patients on
both arms received oral lenalidomide 25 mg/day on days 1–21. Patients on RD received oral
dexamethasone 40 mg/day on days 1–4, 9–12, and 17–20 of each 28-day cycle while
patients on Rd received oral dexamethasone 40 mg/day on days 1, 8, 15 and 22 of each 28-
day cycle. After the first 4 cycles of therapy, patients could discontinue therapy to pursue
stem cell transplantation (SCT) or other treatments or continue therapy on study until
disease progression. All patients provided written informed consent before entering the trial,
in accordance with the Declaration of Helsinki. The Institutional Review Boards in the
participating Eastern Cooperative Oncology Group (ECOG) institutions approved the study.
Patients with adequate bone marrow sample from study entry were assessed, 126 patients of
which contributed fluorescence in situ hybridization (FISH) data. The reason we only have
data on 126 patients is that research sample submission was voluntary and this was the yield
for such collections.

FISH Studies
Aspirate samples were enriched for mononuclear cells using the Ficoll method and cytospin
slides were stored for future use at −70°C. FISH analysis was performed as previously
described and results published for chromosome13 deletion, 17p13 deletion, t(4;14)
(p16;q32) and t(14;16)(q32;q23) (Fonseca et al, 2003). In our study, high-risk (HR)
myeloma was defined by the presence of t(4;14), t(14;16) or 17p13 deletion by FISH with
the remaining patients considered standard risk (SR) (Dispenzieri et al, 2007).

Statistical Design and Analysis
The association of FISH risk status with overall survival (OS) was of primary interest but
additional endpoints evaluated were progression-free survival (PFS), grade three or higher
non-haematological toxicity and best overall response (OR rate: ≥partial response). OS and
PFS were estimated using the Kaplan-Meier (KM) method and the log-rank test was used
for comparisons of survival distributions between groups. PFS was defined as the time from
randomization to disease progression or death due to any cause. Patients were censored at
the time of alternative therapy. Cox proportional hazards (PH) regression was used to
examine the relationship between baseline factors and survival outcome in univariate and
adjusted models, using stepwise selection. The effect of treatment within subgroups was also
examined using Cox regression models. The response criteria used were standard European
Group for Blood and Bone Marrow Transplant (Blade et al, 1998) except that responses
were confirmed 4 weeks apart (instead of 6 weeks). In addition, patients were classified as
having a very good partial response (VGPR) based on the International Myeloma Working
Group response criteria (Durie et al, 2006). A category of immunofixation-negative
complete response (CR) was defined as confirmed disappearance of the monoclonal protein
in the serum and urine by immunofixation studies without the requirement for bone marrow
studies. Fisher’s exact test was used to compare response and toxicity rates. A p-value of
0.05 was considered statistically significant.

RESULTS
Between November 2004 and April 2006, 445 patients were enrolled on the E4A03
treatment trial from participating institutions. Only 54% of patients voluntarily submitted
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any baseline samples on E4A03. Of these, interphase FISH was performed on 126 patients
(28%) with adequate bone marrow samples available. Based on data as of November 2008,
the median follow up for the 126 FISH patients was 36 months from registration, the same
as the remaining 319 patients (non-FISH cohort) enrolled on the trial.

It should be noted that in the primary study (Rajkumar et al 2010), evidence of an OS
advantage on the Rd arm at the first pre-planned interim analysis (n=45 events) in March
2007 prompted the Data Monitoring Committee (DMC) to release the study data and
recommend crossover of patients. At this time 79 patients were still on-treatment and, as
such, longer term OS analyses by treatment are confounded. Around 3 years, the OS curves
by treatment cross, yielding a non-significant p-value. Median OS was not reached for the
FISH cohort nor the original study cohort.

Baseline characteristics of the FISH and non-FISH cohorts along with SR and HR subgroups
are shown in Table 1. Twenty-one patients (17%) were classified as high risk. Of these 21
patients, 14 had t(4;14), 2 had t(14;16), and 6 had 17p13 deletion present. The FISH cohort
was significantly younger and healthier than the remaining non-FISH cohort as evidenced
by a median age of 62 versus 66 years along with a lower proportion of International
Staging system (ISS) Stage III and ECOG performance score (PS)>0 patients. There were
no such substantial differences in the HR versus SR comparison. RD treatment assignment
was sufficiently balanced. Notably, HR patients tended to have elevated creatinine and
lower haemoglobin levels. Only 9% (n=11) of patients were still on treatment at the time of
the current analysis. The median (95% confidence interval [CI]) treatment duration was
similar between these groups: 4.5 (3.5–6.6) months for SR and 4.4 (3.5–6.2) months for HR,
P=0.46. The proportion of patients that underwent SCT was also similar between groups
(SR=41% and HR=38%) and slightly higher than the remaining study cohort (31%). There
were no differences between the groups in terms of the reasons for treatment
discontinuation. There were 422 patients in the primary analysis of response, representing
the eligible population (Table 2). The OR rate for the overall FISH cohort was 77%, with no
differences between risk groups (SR=77% and HR=75%) or the non-FISH cohort (76%).
The depth and quality of responses were superior amongst SR patients who were more likely
to achieve a VGPR or better (SR 46% and HR 30%, OR=2.0 [0.7–5.6]). Response rates by
treatment within risk groups are provided in Table 3; due to small numbers the confidence
intervals are wide and interpretation is descriptive. OR and VGPR rates by treatment within
SR patients generally mirrored the overall cohort results. It appeared especially difficult for
HR patients treated with RD or Rd to attain VGPR; however, Rd HR patients seemed to fare
just as well as Rd SR patients in terms of partial response. The significant difference in OR
by treatment as seen in the primary study was not apparent in the HR subgroup, with OR
rates for RD HR patients below the overall cohort. Although interpretation is limited by
small numbers, it appears the significant difference in OR by treatment as seen in the
primary study (odds ratio RD/Rd 1.85) was not seen in the HR subgroup, with OR rates for
RD HR patients below the overall cohort. (Rajkumar et al 2010)

Twenty patients in the FISH cohort had died, representing about one-fifth of all deaths on
study as of the last data pull in December 2008. OS for the FISH cohort compared to the
remaining subgroup was significantly better (p=0.010) with a widening difference over time
(Table 4). Within the FISH cohort, OS was shorter in the HR group (P=0.004)
corresponding to a FISH risk status hazard ratio of 3.48 [95% CI: (1.42–8.53)] (Figure 1).
The 2-year OS rates were 91% for SR MM and 76% for HR MM (Table 4)

28% of all PFS events on study occurred in the FISH subgroup (45/161). The PFS
distributions for the FISH and non-FISH cohorts were overlapping. Median PFS was 29
months (SR) and 11 months (HR) P=0.047, with a corresponding FISH risk status hazard
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ratio of 2.02 [95% CI: (0.99–4.11)] (Figure 2). 2-year PFS rates were 59% (SR) and 24%
(HR) (Table 4).

As expected, toxicity was not different between risk groups. The rate of grade 3 or higher
non-haematological toxicities was 54% (SR) and 57% (SR).

Cox post-hazard regression univariate models were run for the following variables: risk (HR
vs. SR), SCT as time-varying, ISS (II/III vs. I), haemoglobin (>110 vs. ≤110 g/l), Rd vs.
RD, creatinine (>132.6 vs. ≤132.6 μmol/l), age (≥70 vs. <70 years), ECOG PS (1/2 vs. 0),
race (white vs. non-white) and bone disease (present vs. absent). Given the low number of
events in the FISH cohort (OS n=20 events and PFS n=45 events), there is power to discern
only large effects so non-significance is difficult to interpret. On univariate analyses, only
ISS Stage and risk were statistically significant for the OS model. It should be noted that in
the non-FISH study cohort, age, ECOG PS, haemoglobin and SCT as a time-varying
covariate were significantly associated with OS. Both factors were retained in a stepwise
selection model that included all variables.

The adjusted FISH risk status and ISS Stage OS hazard ratios were 4.30 [95% CI: (1.25–
14.8)] (P=0.021) and 2.63 [95% CI: (1.03–6.72)] (P=0.043), respectively. From our
exploratory analyses of the OS outcomes by FISH risk status within ISS subgroups, it
appears FISH risk status is further discerning in the worse-off patients. If only ISS III
patients are included, HR patients were found to have shorter OS (P=0.019) (Figure 3a).
This remained true when we expand the subgroup to ISS II/III patients with a risk status
hazard ratio of 2.54 [95% CI: (0.92–7.04)] (P=0.063) (Figure 3b). By contrast, it is not
evident that HR patients in the ISS I/II subgroup had comparatively inferior OS with a
hazard ratio of 2.20 [95% CI: (0.68–7.17)] (P=0.190) (Figure 3c). For the PFS analyses,
only treatment and FISH risk status were associated with PFS in univariate Cox post-hazard
regression analyses. In an adjusted Cox post-hazard model, risk status and treatment both
remained marginally significant, P<0.08.

Analyses of the treatment effect on OS within prognostic subgroups were performed as
exploratory due to the small number of events. As seen in Figure 4, Rd treatment was
strongly favored in the SR and elderly subgroups. The unadjusted treatment hazard ratio
(Rd/RD) for OS in SR patients was [0.25 95% CI:(0.07–0.93), P=0.038)] versus HR patients
[2.25 95%CI:(0.53, 9.52), P=0.270], leading to significant interaction (P=0.026).

DISCUSSION
This study explored whether established adverse genetic markers detected by FISH remain
relevant for the prognosis of patients with newly diagnosed MM treated with lenalidomide
and dexamethasone. We also evaluated the extent of the difference in clinical outcome
depending on treatment. The studies leading to the identification of molecular classes of
MM were mostly carried out using older series of patients treated with alkylators, both at
standard and high doses with stem cell support (Fonseca et al, 2003) and very limited
information exists regarding the validity of these factors when applied to MM patients
treated with newer immunomodulatory agents (Kapoor et al, 2010; Reece et al, 2009; Avet-
Loiseau et al, 2010b; Kapoor et al, 2009).

We tested patients for three of the most commonly used poor risk genetic prognostic factors:
the t(4;14)(p16;q32), t(14;16)(q32;q23) and 17p13 deletion (Fonseca et al, 2009). The first
two are clearly biological classifiers of the disease that have known prognostic significance.
Irrespective of treatment provided, patients with these two translocations have a propensity
to display other features of aggressive disease than those without these markers. In most
large series, these individuals have greater tumour burden, circulating plasma cells,
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proliferative markers, and all of this ultimately translates to inferior outcomes. Multiple
studies have previously shown that the t(4;14)(p16;q32) carries negative implications for
disease-free survival and OS (Fonseca et al, 2003; Avet-Loiseau et al, 2007; Avet-Loiseau
et al, 2010a). Likewise there are several studies showing that t(14;16)(q32;q23) and other
MAF translocations are also associated with more aggressive disease features at baseline
(Fonseca et al, 2003; Ross et al, 2010; Zhan et al, 2006), even though a single large study
failed to confirm inferior long term outcomes (Avet-Loiseau et al, 2011). In this last study,
other features of aggressiveness were seen though including a large number of circulating
cells at the time of diagnosis (Avet-Loiseau et al, 2011). Deletions of 17p13, most if not all
of them involving the TP53 locus, are believed to be the most common progression event in
MM, and are always associated with aggressive disease (Fonseca et al, 2003; Avet-Loiseau
et al, 2007; Drach et al, 1998). All series that have addressed deletions as a marker have
confirmed the inferior outcome of patients with deletions.

To the best of our knowledge, only one other study, performed by the Mayo group and not
associated with a clinical trial, showed persistence of prognostic impact of high risk genetic
markers for recently diagnosed patients (Kapoor et al, 2009). Two studies have shown that,
for patients with relapsed and refractory MM, these markers still identify dissimilar
outcomes (Reece et al, 2009; Avet-Loiseau et al 2010b). This is the first study of these
markers in the context of a prospective clinical trial showing the discriminating ability of the
HR MM FISH classification.

Initial observations with bortezomib were touted as showing that this medication could, at
least partially overcome the negative prognostic implications of t(4;14)(p16;q32) (San
Miguel et al, 2008) or other markers of high risk, such as del13, by karyotype (Jagannath et
al, 2007). Yet in another study, bortezomib treatment was shown to improve outcomes for
t(4;14)(p16;q32) patients but not 17p deletion patients (Avet-Loiseau et al, 2010a). Results,
however, were limited by the low power intrinsic to the small size of subgroups and limited
duration of follow up. With subsequent follow up it has become apparent that the adverse
prognostic impact of t(4;14)(p16;q32) is diminished but not totally eliminated (Avet-Loiseau
et al, 2010a; Mateos et al 2010). These collective observations have lead to the current
practice of favouring bortezomib-based induction regimens for newly diagnosed patients
with HR features (Dispenzieri et al, 2007). Conversely, there has been an impression that
lenalidomide in combination with dexamethasone is insufficient induction therapy for HR
MM. Rd, however, has not been compared directly with bortezomib within HR or SR patient
subsets. Some would argue that the two drugs in combination could eliminate the need for
risk stratification but this carries an increased cost and no proven long-term benefit. In fact,
other combinations, such as bortezomib, cyclophosphamide and dexamethasone, may be
superior to lenalidomide, bortezomib and dexamethasone (Reeder et al, 2009; Reeder et al,
2010). Furthermore, the long-term outcome reported in the context of this study for patients
who receive induction with Rd/D followed by autologous stem cell transplant are
remarkable (Rajkumar et al, 2010). It is currently unknown what the effect on long-term
outcomes will be for more active combinations such as VTD (bortezomib, thalidomide,
dexamethasone, CVRD (cyclophosphamide, bortezomib, lenalidomide, dexamethasone) and
others, but such combinatorial strategies hold the promise of being even more effective in
high risk situations (Cavo et al, 2010, Kumar et al, 2010, Richardson et al, 2010). In the
Bologna study the addition of bortezomib eliminated the negative effect of t(4;14)(p16;q32)
as opposed to those patients only treated with thalidomide and dexamethasone (Cavo et al
2010).

Our analysis of patients with available FISH data imply that in the context of lenalidomide
treatment, the presence of adverse genetic features still can identify patients with shorter
survival, even after adjustment for ISS Stage. We also observed patients with absent
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traditional adverse genetic factors treated with Rd had very positive 1- and 2-year OS and
PFS outcomes. In the confines of small numbers, we observed that HR patients treated with
Rd, however, did not do especially well. An alternative hypothesis is that the more
pronounced dichotomy shown for HR MM patients treated with Rd could be a function of a
much-improved outcome for this agent in patients with SR MM. This is supported in the
study reported by by Kapoor et al (2009), with the PFS outcome of HR patients treated with
lenalidomide and dexamethasone (median HR 18.5 vs SR 36.5 months) similar to that of HR
patients treated under the VISTA trail (both at approximately 19 months) (San Miguel et al,
2008; Kapoor et al, 2009). We recognize that our study is limited due to small sample size
and our analyses are exploratory in nature.

While many efforts aim to improve the accuracy of prognostication of MM using genomics
at the RNA- and DNA-based level (Decaux et al, 2008; Shaughnessy et al, 2007; Avet-
Loiseau et al, 2009), FISH-based prognostication remains the standard of care, and has great
application as a prognostic tool (Fonseca et al, 2009). Further research needs to focus on the
differences in risk prediction among platforms and their incremental value over traditional
clinical measures. Until more information becomes available, MM patients identified as HR
by FISH should be considered at greater risk of relapse and death. While there is much hope
in that MM may become a “chronic disease” this promise is not fully substantiated for HR
patients. The level of evidence to support the adoption of bortezomib-based regimens for
HR MM patients and/or lenalidomide-based regimens for SR MM patients needs to be
enhanced. Specifically, prospective randomized trials within risk-stratified populations are
needed to establish optimal treatment selection.
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Figure 1.
Survival probability (overall) according to FISH-determined risk status. Std Risk; standard
risk.
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Figure 2.
Progression free survival according to FISH-determined risk status. Std Risk; standard risk.
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Figure 3.
Fig. 3a: Overall survival segregating by FISH-determined risk status in patients with ISS
Stage III.
Fig. 3b: Overall survival segregating by FISH-determined risk status in patients with ISS
Stages II and III.
Fig 3c: Overall survival segregating by FISH-determined risk status in patients with ISS
Stages I and II.
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Figure 4.
Forest plot showing the effect of the shown variables on overall survival. Positioning of the
hazard ratio to the right indicates an unfavourable prognostic variable, while positioning to
the right indicates a favourable prognostic variable. Numbers in parentheses indicate death/
at risk. ITT, intention-to-treat. Age lt, age lower than; Age ge, Age greater than or equal to.

Jacobus et al. Page 16

Br J Haematol. Author manuscript; available in PMC 2012 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Jacobus et al. Page 17

Ta
bl

e 
1

B
as

el
in

e 
ch

ar
ac

te
ris

tic
s

V
ar

ia
bl

e
C

at
eg

or
y*

N
on

-F
IS

H
FI

SH
p-

 v
al

ue
St

an
da

rd
 R

is
k

H
ig

h 
R

is
k

p-
 v

al
ue

To
ta

l p
at

ie
nt

s (
n)

31
9

12
6

--
10

5
21

--

Tr
ea

tm
en

t
R

D
16

4 
(5

1.
4)

59
 (4

6.
8)

0.
40

1
47

 (4
4.

8)
12

 (5
7.

1)
0.

34
5

A
ge

 (y
ea

rs
)

M
ed

ia
n 

(Q
1,

 Q
3)

66
 (5

9,
 7

3)
62

 (5
5,

 6
9)

0.
00

1
62

 (5
5,

 6
9)

63
 (5

6,
 6

7)
0.

87
8

G
en

de
r

M
al

e
18

2 
(5

7.
1)

71
 (5

6.
3)

0.
91

6
59

 (5
6.

2)
12

 (5
7.

1)
1.

00
0

R
ac

e
W

hi
te

26
7 

(8
3.

7)
11

4 
(9

0.
5)

0.
07

3
96

 (9
1.

4)
18

 (8
5.

7)
0.

42
0

IS
S

St
ag

e 
I

85
 (2

8.
5)

53
 (4

4.
2)

0.
00

4
46

 (4
6.

0)
7 

(3
5.

0)
0.

66
3

St
ag

e 
II

12
7 

(4
2.

6)
46

 (3
8.

3)
37

 (3
7.

0)
9 

(4
5.

0)

St
ag

e 
II

I
86

 (2
8.

9)
21

 (1
7.

5)
17

 (1
7.

0)
4 

(2
0.

0)

U
nk

no
w

n/
M

is
si

ng
21

6
5

1

EC
O

G
 P

S
1 

or
 2

17
8 

(5
5.

8)
58

 (4
6.

0)
0.

07
3

47
 (4

4.
8)

11
 (5

2.
4)

0.
63

3

B
on

e 
D

is
ea

se
Y

es
19

7 
(6

1.
8)

79
 (6

2.
7)

0.
91

4
68

 (6
4.

8)
11

 (5
2.

4)
0.

32
7

B
et

a-
2 

M
ic

ro
gl

ob
ul

in
 (m

g/
l)

M
ed

ia
n 

(Q
1,

 Q
3)

3.
9 

(2
.6

, 6
.1

)
3.

3 
(2

.5
, 4

.6
)

0.
01

0
3.

2 
(2

.4
, 4

.6
)

3.
8 

(2
.7

, 4
.8

)
0.

28
7

Fr
eq

. o
f M

is
si

ng
8

1
0

1

C
-r

ea
ct

iv
e 

pr
ot

ei
n 

(m
g/

l)
M

ed
ia

n 
(Q

1,
 Q

3)
6 

(3
, 1

7)
5 

(2
, 1

1)
0.

01
9

5 
(2

, 1
1)

5 
(2

, 9
)

0.
73

6

Fr
eq

. o
f M

is
si

ng
44

5
1

4

Se
ru

m
 M

 S
pi

ke
 (g

/l)
M

ed
ia

n 
(Q

1,
 Q

3)
31

 (1
8,

 4
4)

32
 (2

1,
 4

8)
0.

16
1

31
 (1

9,
 4

5)
46

 (3
0,

 5
2)

0.
03

0

Fr
eq

. o
f M

is
si

ng
26

7
7

0

A
lb

um
in

 (g
/l)

M
ed

ia
n 

(Q
1,

 Q
3)

35
 (3

0,
 4

0)
37

 (3
3,

 4
0)

0.
03

8
37

 (3
5,

 4
0)

32
 (2

8,
 3

9)
0.

00
6

Fr
eq

. o
f M

is
si

ng
13

5
5

0

La
ct

at
e 

de
hy

dr
og

en
as

e 
(u

/l)
M

ed
ia

n 
(Q

1,
 Q

3)
15

9 
(1

28
, 2

08
)

15
4 

(1
19

, 2
09

)
0.

45
5

M
ed

ia
n 

(Q
1,

 Q
3)

15
9 

(1
28

, 2
08

)
02

17

Fr
eq

. o
f M

is
si

ng
24

4
3

1

C
al

ci
um

 (m
m

ol
/l)

M
ed

ia
n 

(Q
1,

 Q
3)

2.
33

 (2
.2

, 2
.4

5)
2.

3 
(2

.2
3,

2.
4)

0.
43

9
2.

3 
(2

.2
3,

2.
4)

2.
25

 (2
.2

,2
.3

8)
0.

26
5

Fr
eq

. o
f M

is
si

ng
1

0
0

0

C
re

at
in

in
e 

(μ
m

ol
/l)

M
ed

ia
n 

(Q
1,

 Q
3)

97
2 

(7
96

, 1
23

8)
88

4 
(7

96
, 1

06
1)

0.
01

7
88

4 
(7

07
, 1

06
1)

97
2 

(8
84

, 1
32

6)
0.

02
5

H
ae

m
og

lo
bi

n 
(g

/l)
M

ed
ia

n 
(Q

1,
 Q

3)
10

8 
(9

5,
 1

22
)

11
5 

(1
02

, 1
25

)
0.

00
3

11
6 

(1
05

, 1
26

)
10

2 
(9

9,
 1

18
)

0.
01

9

* D
at

a 
ar

e 
nu

m
be

r (
%

) u
nl

es
s o

th
er

w
is

e 
no

te
d.

 M
is

si
ng

 v
al

ue
s a

re
 e

xc
lu

de
d 

fr
om

 c
al

cu
la

tio
ns

 o
f p

er
ce

nt
ag

es
 o

r m
ed

ia
ns

Br J Haematol. Author manuscript; available in PMC 2012 November 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Jacobus et al. Page 18
IS

S,
 In

te
rn

at
io

na
l S

ta
gi

ng
 S

ys
te

m
; E

C
O

G
 P

S,
 E

as
te

rn
 C

oo
pe

ra
tiv

e 
O

nc
ol

og
y 

G
ro

up
 p

er
fo

rm
an

ce
 st

at
us

.

Br J Haematol. Author manuscript; available in PMC 2012 November 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Jacobus et al. Page 19

Table 2

Best Overall Response

Non-FISH (%)
N=298

FISH (%)
N=124

Standard Risk (%)
N=104

High Risk (%)
N=20

Complete Response 14 (4.7) 5 (4.0) 4 (3.9) 1 (5.0)

≥ Immunofix negative 46 (15.4) 21 (16.9) 19 (18.3) 2 (10.0)

≥ Very Good Partial Response 138 (46.3) 54 (43.6) 48 (46.2) 6 (30.0)

≥ Partial Response 225 (75.5) 95 (76.6) 80 (76.9) 15 (75.0)

Minor Response 26 (8.7) 11 (8.9) 10 (9.6) 1 (5.0)

No Response/Stable Disease 18 (6.0) 8 (6.5) 6 (5.8) 2 (10.0)

Progressive Disease 8 (2.7) 5 (4.0) 4 (3.9) 1 (5.0)

Not evaluable 21 (7.1) 5 (4.0) 4 (3.9) 1 (5.0)
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Table 3

Best Overall Response by Treatment

RD: Prop [freq/n] (95%CI) Rd: Prop [freq/n] (95%CI) Abs. Diff. (95%CI) Odds Ratio (95%CI)

≥ Very Good Partial Response

Overall Cohort 50.5% [108/214] (43.8%,57.2%) 40.4% [84/208] (33.7%,47.1%) 10.1% (0.6%,19.5%) 1.50 (1.02,2.21)

High Risk 36.4% [4/11] (7.9%,64.8%) 22.2% [2/9] (0.0%,49.4%) 14.1% (−25.2%,53.5%) 2.00 (0.27,14.70)

Standard Risk 50.0% [23/46] (35.6%,64.4%) 43.1% [25/58] (30.4%,55.8%) 6.9% (−12.4%,26.2%) 1.32 (0.61,2.87)

≥ Partial Response

Overall Cohort 81.3% [174/214] (76.1%,86.5%) 70.2% [146/208] (64.0%,76.4%) 11.1% (3.0%,19.2%) 1.85 (1.17,2.91)

High Risk 72.7% [8/11] (46.4%,99.0%) 77.8% [7/9] (50.6%,100.0%) −5.1% (−42.9%,32.8%) 0.76 (0.10,5.96)

Standard Risk 82.6% [38/46] (71.7%,93.6%) 72.4% [42/58] (60.9%,83.9%) 10.2% (−5.7%,26.1%) 1.81 (0.70,4.70)
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