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Summary
In comparison to total therapy 1 (TT1), the phase 3 trial total therapy 2 (TT2) evaluated the benefit
of up-front administration of thalidomide (THAL); TT2 also introduced post-transplant
consolidation chemotherapy. With median follow-up times of 5 and 12 years, respectively,
outcome comparisons were made of 668 patient's enrolled on TT2 and 231 patients treated on
TT1. Complete response (CR) rates were similar at 40% for TT1 and TT2 without THAL versus
60% on the THAL arm of TT2. CR durations were similar with either TT2 arm and both were
superior to results of TT1. Event-free and overall survivals were extended from 2.6 to 5.7 years,
respectively, with TT1 to 4.8 and 8.0 years with TT2. TT2's major advance vis-à-vis TT1
pertained to the subgroup without cytogenetic abnormalities (CA), supporting the role of post-
transplant consolidation therapy, whereas the improved survival of the CA subgroup on the
experimental versus control arm of TT2 attests to the role of THAL in this setting. Adjusting for
prognostic variables in multivariate and pair-mate analyses, TT2 was superior to TT1 in terms of
CR duration, event-free and overall survival. These results provide a basis for the prospective
evaluation of the consolidation strategy in a randomized clinical trial design.
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We have previously reported on total therapy 2 (TT2), a tandem transplant trial that
addressed, in a randomized trial design, the role of thalidomide (THAL) in improving
complete response (CR) and extending survival (Barlogie et al, 2006a). Results indicated
that, while CR and event-free survival (EFS) were superior on the THAL versus no THAL
arm, overall survival (OS) was not extended by the addition of THAL. An additional novel
feature of the trial was the introduction of consolidation chemotherapy post-transplant in an
attempt to delay or even prevent recurrence. With a median follow-up of 6 years for live
patients, we now report on a final analysis of the 668 patients enrolled and address the role
of THAL for subgroups with different risk features prior to TT2 and whether patients
completing the intended consolidation therapy derived EFS and OS benefit compared to
those who either did not qualify due to thrombocytopenia or lack of antitumour effect from
chemotherapy during the induction phase. The TT2 outcome data are also examined in the
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context of the predecessor protocol, total therapy 1 (TT1), a tandem transplant program
without consolidation chemotherapy (Barlogie et al, 1997) (Barlogie et al, 2006b,c).

Patients and methods
Treatment protocols

The details of TT2 have been published previously (Barlogie et al, 2006a). Briefly, TT2
consisted of four phases (Fig 1). Induction consisted of VAD (vincristine-doxorubicin-
dexamethasone) (Barlogie et al, 1984), DCEP (dexamethasone plus 4 d continuous infusions
of cyclophosphamide, etoposide, cis-platin) (Desikan et al, 1999), CAD (4 d continuous
infusions of cyclophosphamide, doxorubicin plus dexamethasone) for peripheral blood stem
cell (PBSC) collection and further DCEP. The tandem transplant phase applied melphalan
200 mg/m2 (MEL200) 3–6 months apart; those over the age of 69 years and with renal
insufficiency (creatinine >176.8 μmol/l) were given a lower melphalan dose of 140 mg/m2

(MEL140); in case of less than partial response (PR) prior to the second transplant, the
BEAM regimen (carmustine, etoposide, cytarabine, melphalan) was applied with the second
transplant (Ramasamy et al, 2004). Consolidation consisted of DPACE (dexamethasone plus
4 d continuous infusions of cis-platin, doxorubicin, cyclophosphamide, etoposide) (Lee et al,
2003) for the last 200 patients, once no difference had been detected among the two arms to
which the initial 109 patients had been randomized (DCEP every 3 months for four cycles
versus DCEP alternating with CAD every 6 weeks for a total of eight cycles); those failing
to recover a minimum platelet count of 50 × 109/l and others in whom DCEP was ineffective
during induction (<25% further decrease in M-protein in serum and urine) were offered
monthly dexamethasone. Maintenance consisted of dexamethasone pulsing every 3 months
for four cycles added to interferon in the first year, and interferon was continued
subsequently until relapse or undue toxicity. THAL was administered from the inception of
therapy to those randomized to the experimental arm until disease relapse or undue toxicity.

TT1, the predecessor trial of TT2, also applied tandem MEL200 or MEL140 transplants but,
for the second transplant when PR was not achieved after the first transplant, MEL140 plus
total body irradiation (TBI, 8.5 Gy) was used instead of BEAM (see Fig 1) (Barlogie et al,
1997, 2006c). Induction chemotherapy comprised VAD for two to three cycles,
cyclophosphamide for PBSC mobilization and EDAP (etoposide, dexamethasone,
cytarabine, cis-platin); there was no consolidation; maintenance consisted of interferon only
without dexamethasone and was applied until disease progression or toxicity.

Cytogenetic methods
Metaphase analysis was performed as previously described (Sawyer et al, 1995). Briefly,
bone marrow was processed for chromosome studies by standard techniques. Cultures were
set up in 10 ml of RPMI 1640 medium (Sigma, St Louis, MO, USA) supplemented with
20% fetal bovine serum (Sigma), and 1% L-glutamine/Pen-Strep solution (Gibco, Grand
Island, NY, USA). Cultures were initiated with 1–3 ml of whole bone marrow. Direct
harvest, 24- and 48-h unstimulated cultures were employed on most specimens. The direct
harvest procedure included the combination of 1 ml 0.05% trypsin EDTA (Gibco), 9 ml of
hypotonic solution (0.075 mol/l KCL) and 5 μl/ml colcemid solution (Irvine Scientific,
Santa Ana, CA, USA) for 1 h at 37°C. The 24- and 48-h cultures received 50 μl colcemid
solution for 1 and 2 h respectively. Twenty cells were studied in each case. The designation
of ‘cytogenetic abnormalities’ (CA) required the presence of an abnormal clone, which was
defined as two or more metaphases with either the same structural abnormality or the same
extra chromosome, or at least three cells with the same missing chromosome.
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Statistical analyses
The Kaplan–Meier method was used in estimating EFS, OS and CR duration (Kaplan &
Meier, 1958), in the context of baseline laboratory parameters which included gene
expression profiling (GEP)-based risk models (Shaughnessy et al, 2007) with group
comparisons made using the log-rank test. EFS was defined as the time from the date of
registration to death from any cause, disease progression, or relapse. Patients experiencing
no event were censored at the time of last contact. OS was defined from the date of
registration until death from any cause; survivors were censored at the time of last contact.
CR duration was measured from the onset of CR until relapse or death from any cause. The
cumulative incidence of CR was estimated using the method outlined in Gooley et al (1999);
results of different trials were compared using the log-rank test. Multivariate models of
prognostic factors were carried out using Cox regression (Cox, 1972). Pair-mate analysis
was used to compare TT1 and TT2 patients based on standard prognostic factors found to be
significant in TT2. Pair-mate analysis was also used on the subset of patients with GEP
information available based on their risk score. Also examined was the influence of the level
of completion of each of the scheduled treatment phases, using landmark techniques, along
with the question of whether dexamethasone was inferior to chemotherapy during the
consolidation phase.

Results
Clinical outcome from initiation of TT2, overall and by treatment arm and in relationship to
TT1

Patient characteristics were similar between the two arms of the study and, in comparison to
TT1, patients on TT2 as a group were older and had higher frequencies of some adverse
variables [elevations of lactate dehydrogenase (LDH) and C-reactive protein (CRP), IgA
isotype] and of some favourable features (higher haemoglobin and albumin levels) (Table I).
Patients had similar frequencies of CA. Figure 2 depicts the cumulative progression of
patients through the protocol phases of TT1 and TT2 (both arms combined as there was no
difference between them). Results showed more rapid progression through the successive
protocol steps with TT2 than TT1.

With TT2, the median follow-up of the 416 currently living patients was 5 years; and with
TT1, the median follow-up of the 55 live patients was 12 years. The median durations of OS
and EFS for TT2 were 8.0 and 4.8 years, respectively, compared to 5.7 and 2.6 years in the
case of TT1 (Fig 3A and B). Of the 668 subjects initially enrolled in TT2, 252 have died
(MM progression, 207; treatment-related toxicities, 45) and 370 have experienced an event
(relapse/progression, 118; death due to MM, 207, and other causes, 45); the corresponding
data for TT1 are 176 deaths (MM progression, 160; treatment-related, 16) and 204 events
(relapse/progression, 28; death due to MM, 160, and other causes, 16).

The Kaplan–Meier plots portray outcomes for the two arms of TT2 and for TT1, with
statistical differences annotated between TT1 and TT2, both combined and by study arm.
The addition of THAL in TT2 raised the CR frequency to 60% from 40% noted for the
control arm, which was identical to results with TT1 (P = 0.001) (Fig 3C). CR duration from
onset of CR was similar for both arms of TT2 and superior to TT1 (Fig 3D). In the case of
EFS, TT2 plus THAL was superior to the control arm, which, in turn, exceeded results
obtained with TT1 (Fig 3E). A trend was observed for longer OS on the THAL arm versus
control arm of TT2 (diverging at 5 years), both of which were superior to TT1 (Fig 3F). The
postrelapse survival on TT2 tended to be longer, at a median of 2.7 years versus 1.6 years on
the control versus THAL arm (P = 0.06) (Fig 3G). Treatment-related mortality (TRM) was
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similar in the two studies, reaching from 5% to 6% among patients younger than 65 years
and approximately 10% in the older cohort (Fig 3H).

Given the dominant adverse impact of CA in both TT1 and TT2, outcomes were compared
among patients with and without CA. EFS and OS were superior with TT2 (both arms)
among the patients presenting without CA (Fig 3I and J). The CA subgroup benefited from
the addition of THAL in TT2, whereas outcomes were similar between TT1 and the control
arm of TT2 (see Fig 3I and J).

Multivariate analysis of pretreatment prognostic factor and of therapy
Table II lists, for outcomes on TT2, the independently significant prognostic factors, along
with treatment arms. The presence of CA was an adverse feature for all three endpoints;
elevation of LDH conferred poor OS and EFS; and increased creatinine and low albumin
predicted for shorter OS. Randomization to THAL imparted longer EFS but not OS or CR
duration. Relative to TT1, TT2 was superior with regard to all outcome endpoints; CA
affected all three endpoints adversely, while elevated LDH levels were associated with
shorter OS and EFS (Table III). These results pertained also when outcomes were compared
between the individual arms of TT2 and TT1 (data not shown).

Post-transplant survival in TT2 related to chemotherapy or dexamethasone consolidation
and in relationship to TT1

Post-transplant OS and EFS in TT2 were similar, regardless of the consolidation
chemotherapy strategy employed (originally randomization between DCEP every 3 months
for four cycles and DCEP alternating with CAD every 6 weeks for eight cycles; after the
109th patient enrolled, because of similar outcomes between the two consolidation arms,
subsequent patients were treated with D-PACE every 3 months for four cycles) (data not
shown). There was an additional provision for non-cytotoxic dexamethasone (DEX) to be
given to patients either not having recovered a minimum platelet level of 100 × 109/l at 3
months from last transplant or not having responded adequately to DCEP induction; no
difference in survival was noted between these two patient groups (not shown). For the
control arm of TT2, consolidation chemotherapy was superior to DEX in the CA subgroup
(Fig 4A), whereas such difference was not apparent for patients treated on the experimental
arm of TT2 (Fig 4B).

Post-transplant OS was then examined in TT2 versus TT1 in relationship to CA as the major
adverse prognostic variable in both studies. Relative to TT1, patients without CA enjoyed
superior OS on both TT2 arms (Fig 4C); in the presence of CA, those randomized to THAL
fared better than their counterparts treated on the control arm of TT2 or with TT1 (Fig 4D).
Collectively, the results presented in Fig 4 suggest a role for THAL in MM with CA, as was
also noted for both EFS and OS when examined from initiation of protocol therapy (see Fig
3I and J).

Analysis of TT2 outcomes by pretreatment prognostic factors including GEP
As summarized in Table IV, GEP-derived high-risk score (≥0.66) added independently to
the prognostic models for OS, EFS and CR duration, displacing CA from the EFS model,
whereas LDH and creatinine were retained for both OS and EFS. These findings pertained to
both arms of TT2 (data not shown). Thus, the 4-year OS, EFS and CR estimates were 80%,
60% and 60%, respectively, among the 87% of patients with a low-risk score as opposed to
30%, 20% and 30%, respectively, in the 13% with high-risk score (Fig 5A–C). No
significant differences were observed in OS and CR duration within GEP-defined risk
groups by treatment arm whereas, for EFS, THAL benefited the low-risk subgroup (data not
shown).
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Relapse rate in TT2 and TT1 in relationship to phases of treatment
We examined cumulative relapse frequencies after first and second transplant and
maintenance phases (Fig 6). Among patients without CA, relapses occurred earlier and more
frequently after both first and second transplants in TT1 compared with TT2 (Fig 6A),
whereas this benefit was less pronounced in the case of CA due to earlier onset and higher
rates of relapse on both trials (Fig 6B). Once in maintenance, THAL effectively reduced the
relapse rate in comparison with the control arm of TT2, which, in turn, was similar to the
relapse rate after TT1.

Pair-mate analysis of clinical outcomes of patients treated with TT1, TT2 − THAL and TT2
+ THAL

With TT1, the presence of CA and elevations of C-reactive protein (CRP ≥8.0 mg/l) and
creatinine (≥176.8 μmol/l) were the three key adverse variables for OS. We identified 204
patients each in TT1 and the two arms of TT2 who were closely matched for these three
variables. A trend was apparent for OS to be superior with TT2 plus THAL versus TT1,
while there was no significant difference between the two arms of TT2 (Fig 7A). EFS and
CR duration plots differed significantly when examined in pair-wise comparisons, so that
TT2 plus THAL was superior to TT2 without THAL, which was superior to TT1 in terms of
EFS (Fig 7B) and CR duration (Fig 7C).

Discussion
Long-term follow-up of prospective large trials with comprehensive laboratory correlates
such as TT1 and TT2 is important in order to determine whether earlier observations still
hold and whether and how early interventions affect long-term prognosis. In our case, all
patients had at least annual visits to this institution so that the presented data have a high
level of accuracy.

Within TT2, we confirmed the data of our initial publication (Barlogie et al, 2006a) that the
addition of THAL increased the frequency but not the duration of CR (see Fig 3C and D)
and prolonged EFS (see Fig 3E). We had attributed comparable OS durations on both study
arms to a shorter postrelapse survival among patients originally randomized to THAL
(Barlogie et al, 2006a), which could not be substantiated with longer follow-up (see Fig 3G).
The apparent separation of survival curves on the two study arms may eventually become
statistically significant (see Fig 3F). Among the subset of 351 patients with GEP data, the
13% with so-defined high-risk MM had vastly inferior OS, EFS and CR duration than their
standard-risk counterparts (see Fig 5). Post-transplant consolidation chemotherapy was
superior to DEX among patients presenting with CA and treated on the control arm, whereas
post-transplant OS was similar for those randomized to THAL (see Fig 4A and B). These
data suggest that THAL + DEX can substitute for combination chemotherapy in the setting
of CA, as supported by superiority of TT2 over TT1 from initiation of therapy only in case
of the experimental arm with THAL (see Fig 3I and J).

In the context of TT1, TT2 induced superior CR rates only when THAL was present (see Fig
3C). However, CR duration was superior with both arms of TT2, which also pertained to
EFS and OS (see Fig 3D–F). Considering prognostic factors, the major overall benefit of
TT2 was observed in the two-thirds of patients without CA (see Fig 4C); among those with
CA, only patients randomized to THAL fared better with TT2 than TT1 (Fig 4D). On
multivariate analysis of pretreatment variables, TT2 was an independent, significantly
superior, intervention associated with superior OS, EFS and CR duration, after adjusting for
critical baseline prognostic factors (see Table III). Such conclusions were also derived from
a three-way pair-mate analysis for EFS and CR duration but not for OS (see Fig 7).
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The essential conclusions from this long-term follow-up of two successive tandem transplant
trials can be summarized as follows: (i) the introduction of post-transplant consolidation
therapy in TT2 delayed the onset and decreased the magnitude of relapse especially
benefiting patients presenting without CA; (ii) similar outcomes in patients with CA
receiving THAL + DEX or chemotherapy without THAL as consolidation attest to the role
both of THAL and chemotherapy in this high-risk setting; and (iii) as indicated by
multivariate analysis, TT2 was an independent factor favouring prolonged CR duration, EFS
and OS (see Table III), which was also supported by a pair-mate analysis for EFS and CR
duration (see Fig 7). These observations provide an important framework for future
therapeutic trials in MM.

The availability of the immunomodulatory agents, thalidomide (Singhal et al, 1999; Barlogie
et al, 2001) and lenalidomide(Richardson et al, 2006a), and of the proteasome inhibitor,
bortezomib, proven effective as salvage therapy for advanced and refractory MM
(Richardson et al, 2003), has spawned trials with these new agents alone and in combination
with DEX (Weber et al, 2003; Jagannath et al, 2005; Rajkumar et al, 2006), each other
(Wang et al, 2005 Richardson et al, 2006b) and, most recently, with standard-dose
melphalan in newly diagnosed patients. Remarkably high PR and near-CR/CR rates have
been reported, especially with MPT (melphalan, prednisone, thalidomide) (Facon, et al 2006
Palumbo et al, 2006a), MPR (melphalan, prednisone, lenalidomide), (Palumbo et al, 2006b)
VTD (bortezomib, thalidomide, DEX) (Wang et al, 2005), VMP (bortezomib, melphalan,
prednisone) (Mateos et al, 2006), and even more so with V-MPT (bortezomib, melphalan,
prednisone, thalidomide) (Palumbo et al, 2007). Combinations of bortezomib with liposomal
doxorubicin and dexamethasone (PAD) (Oakervee et al, 2005; Orlowski et al, 2005) have
also been explored successfully. Follow-up in these studies has been short, however, so that
information on the durability of new agent-induced remissions and their salvage potential
after relapse are not available. Eventually, prospective randomized trials are needed to
determine whether the superior long-term EFS and OS reported with high-dose melphalan-
based tandem transplants can also be sustained with the sole use of newer agents.
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Fig 1.
Treatment schemata for total therapy 1 (TT1) and total therapy (TT2). TT1 was a phase II
trial whereas TT2 was a phase III trial with a control arm and an experimental arm that
added thalidomide (THAL) from the initiation of therapy. In comparison to TT1, TT2
employed more intensive haematopoietic growth factor-requiring induction chemotherapy
(DCEP, CAD) and introduced post-transplant consolidation chemotherapy with DPACE,
administered every 3 months for four cycles. Maintenance therapy in TT2 added high-dose
dexamethasone pulsing every 3 months for four cycles to interferon maintenance, which was
then continued as single agent until relapse or undue toxicity. For details of regimens and
abbreviations, refer to text.
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Fig 2.
Cumulative proportions of patients completing successive treatment steps of total therapy 1
(TT1) and total therapy 2 (TT2). Abbreviations: Tx1 (1st transplant), Tx2 (2nd transplant).
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Fig 3.
Kaplan–Meier plots of clinical outcomes with total therapy 2 (TT2) and total therapy 1
(TT1). (A) The median durations of overall survival (OS) and event-free survival (EFS) for
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all 668 patients enrolled in TT2 were 8.0 and 4.8 years respectively. (B) The median
durations of OS and EFS for all 231 patients enrolled in TT1 were 5.7 and 2.6 years
respectively. (C) Cumulative proportions of patients achieving complete remission (CR)
counted from initiation of TT1 and TT2. Patients randomized to the thalidomide arm of TT2
(TT2 + THAL) had a significantly higher CR rate than those on the control arm of TT2 (TT2
− THAL), while there was no difference between CR rates achieved with TT1 and
TT2−THAL. NR, not reached. (D) Duration of CR from onset of CR. Patients enrolled in
TT2 had superior CR durations versus those treated on TT1; no difference was noted
between the two arms of TT2. NR, not reached. (E) EFS of patient's enrolled in TT2 and
TT1 from initiation of therapy. EFS was superior with TT2 + THAL versus TT2 − THAL,
and both arms of TT2 were superior to TT1. (F) OS of patient's enrolled in TT2 and TT1
from initiation of therapy. OS was superior among patients treated with TT2 (both arms)
compared to those treated with TT1, while TT2 + THAL was not superior to TT2 − THAL.
Note a separation of survival curves between the two arms of TT2 emerging at 5 years. NR,
not reached. (G) Postrelapse survival by treatment arm of TT2. Patients randomized initially
to thalidomide (THAL) tended to fare better than those on the control arm (No THAL). (H)
Treatment-related mortality with TT2 and TT1 according to age (<65 years, left; ≥65 years,
right). Similar outcomes were observed in the younger age group regardless of treatment; as
a group, the older age cohort experienced higher treatment-related mortality than their
younger counterparts (P = 0.002). (I) EFS of patients treated with TT2 and TT1, according
to the presence of cytogenetic abnormalities (CA). Overall, patients enrolled in TT2 fared
better than those enrolled in TT1, regardless of CA status. Among patients without CA, both
TT2 arms were individually superior to TT1, and TT2 + THAL was superior to TT2 −
THAL. In the cohort with CA, patients treated with TT2 + THAL fared better than patients
on TT2 − THAL, which was not superior to TT1. (J) Overall survival (OS) of patients
treated with TT2 and TT1, according to the presence of CA. Overall, patients without CA
fared better when enrolled in TT2 than those enrolled in TT1, while there was no difference
between the two arms of TT2. Among patients with CA, those on the TT2 + THAL arm
fared better than either TT1 or TT2 − THAL groups. NR, not reached.
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Fig 4.
Overall survival post-transplant of patients treated with total therapy 2 (TT2) and total
therapy 1 (TT1). (A) For patients treated on the control arm of TT2, overall survival from
post-transplant consolidation was similar among patients without cytogenetic abnormalities
(CA), whether receiving chemotherapy (CT) or dexamethasone (DEX), whereas there was a
benefit in favour of CT versus DEX among patients with CA. NR, not reached. (B) For
patients treated on the thalidomide arm of TT2, overall survival from post-transplant
consolidation was similar among patients without CA and with CA, whether receiving CT or
DEX. NR, not reached. (C) Among patients without CA, post-transplant survival was
similar between the two arms of TT2, both of which were superior to TT1. NR, not reached.
(D) Among patients with CA, post-transplant survival was similar between the control arm
of TT2 and TT1, whereas those treated on the experimental arm of TT2 + THAL fared better
than the two other cohorts. NR, not reached.
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Fig 5.
Superior clinical outcomes among patients receiving total therapy 2 (TT2) with gene
expression profiling (GEP)-defined standard-risk versus high-risk myeloma. (A) Overall
survival was highly superior in the low- versus high-risk group. (B) Event-free survival was
highly superior in the low- versus high-risk group. (C) Duration of complete remission (CR)
was highly superior in the low- versus high-risk group.
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Fig 6.
Cumulative proportions of patients relapsing in the 12 months after various treatment steps
in total therapy 2 (TT2) with thalidomide (TT2 + THAL) versus TT2 without thalidomide
(TT2 − THAL) versus total therapy 1 (TT1). Additional abbreviations used: Tx1, 1st
transplant, Tx2, 2nd transplant. (A) Among patients without cytogenetic abnormalities, high
proportions of patients relapsed soon after Tx1 and Tx2 as part of TT1, whereas such
disease escape was lower in frequency and later in timing of onset in patients treated with
TT2. (B) Among patients with cytogenetic abnormalities, overall relapse rates were higher
and the timing of their onset earlier when compared to patients without cytogenetic
abnormalities [see (A)]. Among patients enrolled in TT1, relapse rates exceeded those after
TT2 for Tx1, Tx2 and maintenance; the addition of THAL in maintenance appeared to
suppress relapse in comparison with TT2 − THAL.
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Fig 7.
Pair-mate analysis of patients treated with total therapy 2 (TT2) and total therapy 1 (TT1).
Matching was done on cytogenetic abnormalities (CA), CRP (>8 mg/l) and creatinine
(≥176.8 μmol/l), found to be the leading adverse variables in TT1. (A) Overall survival
tended to be superior with TT2 versus TT1. (B) Event-free survival was superior with TT2
(both arms) versus TT1. (C) Duration of complete remission (CR) was superior with TT2
(both arms) versus TT1.
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