
Reiterative Survival Analyses of Total Therapy 2 for Multiple
Myeloma Elucidate Follow-Up Time Dependency of
Prognostic Variables and Treatment Arms
Bart Barlogie, Elias Anaissie, Frits van Rhee, John D. Shaughnessy Jr, Jackie Szymonifka, Antje Hoering,
Nathan Petty, and John Crowley

From the Myeloma Institute for
Research and Therapy, University of
Arkansas for Medical Sciences, Little
Rock, AR; and Cancer Research and
Biostatistics, Seattle, WA.

Submitted October 1, 2009; accepted
December 11, 2009; published online
ahead of print at www.jco.org on May
17, 2010.

Supported by Grant No. PO1 CA55819
from the National Cancer Institute.

Authors’ disclosures of potential con-
flicts of interest and author contribu-
tions are found at the end of this
article.

Corresponding author: Bart Barlogie,
MD, Myeloma Institute for Research
and Therapy, University of Arkansas for
Medical Sciences, 4301 W Markham
#816, Little Rock, AR 72205; e-mail:
barlogiebart@uams.edu.

© 2010 by American Society of Clinical
Oncology

0732-183X/10/2818-3023/$20.00

DOI: 10.1200/JCO.2009.26.4465

A B S T R A C T

Purpose
In Total Therapy 2, after randomly assigning 323 patients with myeloma to thalidomide and 345 to
a control arm, no difference was observed in overall survival, with a median follow-up of 42
months, although at 72 months, survival was superior on the thalidomide arm in the one third
exhibiting cytogenetic abnormalities (CA). After further follow-up of 87 months, we examined, in
reiterative analyses, the effect of increasing time intervals on clinical outcomes relevant to
baseline prognostic variables and treatment randomization.

Patients and Methods
We investigated clinical trial end points as a function of increasing time intervals from protocol
enrollment to determine consistencies of results by treatment and prognostic variables.

Results
The complete congruence of serial survival plots for both study arms combined attested to stable
patient characteristics over the time of accrual and the quality of follow-up management. Presence
of CA was associated with consistently inferior survival curves from year 3 onward. Although 80%
of patients randomly assigned to thalidomide discontinued study drug after 2 years because of
toxicity, its clinical benefit did not reach statistical significance until year 10. The relative ranking
order in multivariate models of prognostic factors remained stable over time. Decline in initially
high hazard ratio values of gene array–defined high risk is consistent with an initial crisis phase that
is time limited.

Conclusion
Reporting potentially time-sensitive features as a part of clinical trial results will enable the critical
reader to judge the robustness of prognostic factors and the time sensitivity of outcome
predictors, with important implications for future trial designs.

J Clin Oncol 28:3023-3027. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Myeloma survival has benefited from autotrans-
plants1-3 and the discovery of several novel agents.4-6

Both approaches have raised the incidence of com-
plete response (CR) to 40% and higher7-12 from
lower than 5% in the melphalan and prednisone era.
Since CR increments translated into significant sur-
vival prolongation with autotransplants, such high-
quality response was deemed a valid surrogate trial
end point for survival. Follow-up is too short for
novel agent trials to judge whether, with the exclu-
sive use of nongenotoxic drugs, high CR rates also
impart durable disease control. These consider-
ations raise the important issue of timing of trial
reporting for meaningful survival implications to
be derived. This topic is relevant in view of the

recent retraction of reports on shorter survival
with tandem versus single transplant plus thalid-
omide maintenance.13-16

Applying reiterative survival analyses spanning
early to complete patient accrual and progressively
longer follow-up, we determined the minimum
follow-up times required to assure valid outcome
projections. Total Therapy 2 (TT2) appeared well
suited for this purpose because of the large sample
size of 668 patients accrued over 64 months with a
median follow-up currently of 87 months.7 This
phase III trial investigated whether the addition of
thalidomide upfront to a tandem autotransplanta-
tion trial would improve event-free survival (EFS)
and overall survival (OS) by increasing the fre-
quency of CR. Despite significantly higher CR rate
and superior EFS, OS was similar at the time of the
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original publication with a median follow-up of 42 months,7 but
with longer follow-up of 72 months was significantly prolonged in
the one third of patients displaying cytogenetic abnormalities
(CA).17 The availability of comprehensive baseline characteristics
and detailed follow-up were well suited to investigate the stability
of clinical outcomes relative to baseline prognostic factors and
treatment randomization.

PATIENTS AND METHODS

TT2 accrued 668 patients between October 1998, and February 2004, of whom
345 were randomly assigned to the control group and 323 were randomly
assigned to the thalidomide arm. The median follow-up of live patients was 87
months. As of April 17, 2009, 371 patients were alive and 253 had not suffered
an event. Of 349 attaining CR (52%), 181 remain relapse free. Baseline and
follow-up laboratory studies performed as part of these trials have been
published. Gene-expression profiling (GEP) analysis of highly purified bone
marrow plasma cells, available in 351 subjects, distinguished 13% with high-
risk myeloma.18

Kaplan-Meier (KM) plots of OS and EFS from treatment initiation and,
for those achieving CR, of CR duration (CRD) from its onset were portrayed at
annual intervals from the start of initial enrollment through the present time,19

and log-rank tests were performed to determine their consistencies. In order to
determine potentially time-dependent differences related to treatment ran-
domization and prognostic variables, KM plots were also shown relevant to
patients being randomly assigned to control or thalidomide arms and in
relationship to the presence of CA. Serial multivariate analyses were performed
for baseline variables and treatment arms in order to determine possible
changes in independently significant parameters over the time course of en-
rollment and subsequent follow-up.20 Such data are portrayed, for better
clarity, by forest plots.

Additional analyses examined the survival impact of thalidomide cumu-
lative dosing, employing time-dependent variable methodology that also ac-
counted for the four phases of protocol therapy (induction, transplantations,
consolidation, and maintenance).

RESULTS

KM plots over time of OS, EFS, and CRD were completely superim-
posable, indicating absence of time-dependent differences in the

characteristics of successively enrolled patients (Fig 1). Indeed, there
was no difference during the time of trial accrual from year 1 to year
6 in the frequency of baseline laboratory parameters of recognized
prognostic significance such as elevated serum levels of beta-2-
microgobulin (B2M; � 3.5 or � 5.5 mg/L), C-reactive protein (� 4.0
or � 8 mg/L), lactate dehydrogenase (LDH; � 190 U/L) and creati-
nine (� 2.0 mg/dL); low levels of albumin (� 3.5 g/dL) and
hemoglobin (� 10 g/dL); and, importantly, the presence of CA and
GEP-defined high-risk designation (data not shown). Reiterative KM
plots according to potentially important variables are portrayed in
Figure 2, covering years 6, 8, and 10 from enrollment or relapse. The
presence of CA conferred inferior OS throughout (Fig 2A), which also
pertained to EFS and CRD (not shown). Although discontinued due
to toxicity in approximately 80% of patients within 2 years from
starting protocol therapy,7 thalidomide’s benefit became manifest at a
significant level of P � .05 only after 7 years for EFS (not shown) and
10 years for OS (Fig 2B). The higher CR frequency on the experimental
arm did not translate into longer CRD (P � .15; data not shown), thus
not explaining the late survival benefit of patients randomly assigned
to thalidomide. According to statistical analyses that tested for poten-
tial interaction, thalidomide’s preferential benefit in CA-type myelo-
ma17 was confirmed and became apparent for EFS in year 8 (not
shown) and for OS in year 10 (Fig 2C). The initially observed shorter
postrelapse survival (PRS) in case of random assignment to thalido-
mide7 disappeared with longer follow-up (Fig 2D), so that by year 10,
PRS curves had crossed in favor of the thalidomide arm. Given thalid-
omide’s preferential benefit in CA-type myeloma, PRS was also exam-
ined in the context of baseline CA status. While initially appearing
superior in case of random assignment to the control arm, PRS curves
for the thalidomide arm crossed those for the control arm by year
10 independent of CA status (Fig 2E). The similarity in PRS be-
tween the two study arms could not be attributed to differences in
access to or utilization of lenalidomide and bortezomib as primary
salvage therapies, which were employed in 43% and 9% of patients
treated on the control arm and in 49% and 8% of those randomly
assigned to thalidomide.

The results of serial multivariate analyses of baseline variables
affecting OS and EFS are depicted in Figure 3. In the larger patient set
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Fig 1. Serial Kaplan-Meier plots of overall survival (A), event-free survival (B) and complete response (CR) duration (C) from various times of trial enrollment. The curves
are superimposable, suggesting that patients’ characteristics and quality of care provided over time were consistent. TT, Total Therapy; OS, overall survival; EFS,
event-free survival.
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Fig 2. Survival plots depicted as a function of increasing time intervals to the present time (left column, year 6; middle column, year 8; right column, year 10). (A) The
presence of cytogenetic abnormalities (CA) consistently affected survival adversely. (B) Random assignment to thalidomide (� Thal) emerged as a favorable feature
only 10 years after trial inception. (C) Consideration of both CA and trial arm revealed that Thal’s restricted benefit to patients with CA also did not emerge until year
10. (D) Postrelapse survival was significantly inferior in case of initial random assignment to Thal 6 and 8 years after starting protocol therapy, to disappear at year 10
as a result of crossing of curves, which also pertained when examined in the context of CA (E). TT, Total Therapy.
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without GEP data, low serum albumin levels, elevated LDH and B2M
concentrations, and the presence of CA exerted fairly consistent ad-
verse effects on both OS and EFS (Fig 3A). Thalidomide’s favorable
impact was detectable for EFS at year 7 and for OS not until year 10.
Hazard ratio values for albumin and LDH, but not CA, decreased over
time. In addition, when GEP data were considered, high-risk designa-
tion (13% of patients) dominated both OS and EFS models, whereas
the deleterious roles of CA and LDH were less pronounced (Fig 3B).
High B2M essentially failed to affect clinical outcomes, while serum
creatinine levels of 2 mg/dL and greater imparted poor outcomes only
early on. Random assignment to thalidomide was a favorable feature
for EFS but not OS.

Cumulative thalidomide dosing, whether considered across all
treatment phases or separately by induction, peritransplant, consoli-
dation, and maintenance, did not affect OS, EFS, or CRD, regardless of
CA status (data not shown).

DISCUSSION

To our knowledge, this is the first report to address the important issue
of consistency of clinical outcomes as a function of increasing patient
enrollment numbers and of subsequent follow-up times. Completely
overlapping KM plots of OS, EFS, and CRD reflect the consistency of
patient characteristics during successive enrollment intervals, patient
follow-up, supportive care, and management of relapse and other

complications. While affecting OS and EFS consistently over time, the
magnitude of CA’s adverse impact was diminished when GEP data
were also considered. GEP risk implications were greatest in the early
time segments and declined progressively through year 10. Despite
its use upfront with the inception of induction therapy and discontin-
uation after 2 years in 80% of patients due to adverse effects, thalid-
omide’s beneficial role especially in CA-type myeloma evolved
gradually reaching significant levels for EFS at 7 years and for OS not
until 10 years. The underlying mechanism remains obscure. Work is
in progress to examine, by GEP analysis of whole bone marrow biop-
sies obtained during maintenance, whether thalidomide-unique mi-
croenvironment signature changes can be detected that may account
for its observed delayed clinical benefit. The adverse role on PRS of
initial random assignment to thalidomide applied regardless of CA
status until year 10, when cross-over was observed in favor of the
thalidomide arm.

The implications of our work for clinical trials practice can be
summarized as follows: consistency of patient characteristics and
management over time can be inferred from superimposable serial
KM survival plots, the inclusion of which in clinical trial reporting
appears desirable to guard against faulty early conclusions.14,16 Ro-
bustness of prognostic variables can be confirmed when their hazard
ratio values compete effectively over time. Decreasing hazard ratio
values over time in patients with high-risk GEP features suggest the
need for close medical attention to this group during the initial crisis
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phase, beyond which survival chances seem to improve toward levels
seen in low-risk myeloma.21
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