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Long-term follow-up after high-dose therapy for high-risk multiple
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Summary:

Between 1985 and 1990, 133 patients with advanced
multiple myeloma (MM) (74% resistance; 41% resistant
relapse, RR) were treated with five high-dose therapy
(HDT) regimens including: melphalan <100 mg/m2

(MEL 100) (46 patients); MEL 100 plus GM-CSF (24
patients); MEL 140 plus autologous bone marrow trans-
plantation (ABMT) (eight patients); MEL 140 plus TBI
850 cGy plus ABMT (37 patients); and thiotepa 750
mg/m2 (THIO 750) 1 TBI 850 cGy plus ABMT (18
patients). The median follow-up of alive patients as of
December 1997 was 9 years. Overall, 17% experienced
treatment-related mortality within 60 days (TRM) and
12% achieved stringently defined complete remission
(CR) with a median duration of 16 months; four of 16
patients (25%) remain in CR at 10 years. The median
durations of event-free survival (EFS)/overall survival
(OS) were 6/15 months. Superior EFS/OS were noted
with MEL 100 plus GM-CSF and the two TBI-contain-
ing regimens (9/24 months among 79 patients) com-
pared to the remaining 54 patients receiving MEL<100
or MEL 140 plus ABMT (3/5 months) (P 5
0.0001/0.0001, respectively). Multivariate regression
analyses (MVA) were performed so that, despite patient
heterogeneity among the five treatment groups, poten-
tially relevant disease, host, treatment, and supportive
care variables could be identified that were associated
with TRM, CR, EFS and OS. TRM was higher with
creatinine .2.0 mg/dl, absence of ABMT/GM-CSF sup-
port and age .50 years; CR was superior with TBI-
containing regimens and<12 months of prior therapy;
EFS and OS both were longer with B2M<2.5 mg/l, age
<50 years, absence of RR and with ABMT/GM-CSF
support. In the presence of.2 favorable variables (32%
of patients), median EFS/OS durations of 18/48 months
were observed which progressively declined with 2 and
,2 favorable parameters to 6/11 months (28% of
patients) to 3/5 months (40% of patients) (P 5
0.0001/0.0001). At 10 years, 10 and 20% of patients with
.2 favorable variables were event-free and alive, which
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was also true for the 37 patients receiving MEL 140 plus
TBI. To appreciate possible long-term contributions of
supportive care or treatment intensity, landmark analy-
ses performed at 1, 2, 4 and 6 months revealed virtually
identical ranking orders of prognostically favorable
variables to those seen pre-HDT; once supportive care
was accounted for, regimen intensity with added TBI
did not emerge as an independent favorable feature.
Keywords: myeloma; autotransplant; long-term survival

Three decades of therapeutic research have, unfortunately,
not advanced the prognosis of patients with symptomatic
multiple myeloma (MM).1 This is not surprising, in retro-
spect, since most trials involved, by design, only mildly
myelosuppressive therapy even when other cytotoxic agents
were added to standard melphalan-prednisone (MP).2 As a
result, true complete responses (CR) were achieved in no
more than 5% of patients and, dependent upon prognostic
factors, median survival typically did not exceed 30–36
months. It was not until the pioneering work of the late
Tim McElwain that the concept of dose intensity was also
applied to patients with MM who had generally been con-
sidered too brittle for such an approach because of profound
immunosuppression, impaired pulmonary function due to
rib and vertebral compression fractures, advanced age and
renal insufficiency.3 It was the observation of true CRs in
high-risk disease following a single administration of
melphalan at a dose of 140 mg/m2 (MEL 140) without
hemopoietic stem cell or growth factor support that
prompted our group and others to explore high-dose ther-
apy (HDT) systematically, initially in patients with
advanced and refractory disease and, subsequently, in high-
risk MM upon achieving an initial remission or responding
to salvage therapy.4–15

This report summarizes our experience with HDT in 133
MM patients, accrued between 1985 and 1990, using
unsupported or hemopoietic growth factor (GM-CSF)-sup-
ported MEL up to a dose of 100 mg/m2,4,5 and bone marrow
autograft (ABMT)-supported MEL 140,6 MEL 140 and
added total body irradiation (TBI; 850 cGy) or, when MEL
was temporarily unavailable, thiotepa 750 mg/m2 (THIO
750) + TBI.7,8
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Patients and methods

One hundred and thirty-three patients were accrued to con-
secutive phase II studies reported here between 1985 and
1990, and treatment was conducted initially at the Univer-
sity of Texas MD Anderson Cancer Center and, since Sep-
tember 1989, at the University of Arkansas for Medical
Sciences in Little Rock (40 patients). Patients’ status was
updated as of 1 December 1997.

Ninety percent of patients have died, and the median fol-
low-up of surviving patients is 9 years. All protocols had
been approved by the Institutional Review Boards, and
patients had to provide written informed consent in com-
pliance with institutional and National Cancer Institute
policies. The diagnosis of MM had been established using
standard criteria.16 Prior to study enrollment, pertinent diag-
nostic and prognostic features of MM at diagnosis, either
elsewhere or at the two institutions where the research trial
was to be undertaken, were reviewed and details of treat-
ment and response recorded.

Table 1 summarizes previously recognised prognos-
tically relevant host- and MM-related features prior to HDT
for the entire cohort of 133 patients and separately for the
five treatment sub-groups (see below). Significant differ-
ences were noted with regard to B2M and LDH elevations
as well as the incidence of resistant relapse. The five princi-
pal treatments included MEL<100 (according to age and
renal function);4 MEL 100 + GM-CSF;5 MEL 140 +
ABMT;6 and MEL 140 or THIO 750+ TBI 850 cGy +
ABMT.8 All patients receiving myeloablative regimens
with TBI were admitted to a laminar air flow unit at MD
Anderson Cancer Center. Details of these treatments and
supportive care have been reported previously.4,5,8 Resist-
ance to prior therapy implied failure to achieve>50%
reduction in serum M peak concentration and/or.90%
decrease in Bence Jones proteinuria despite myelosuppress-
ive doses of standard regimens and high-dose dexame-
thasone (>2 lines of treatment). Among patients with
refractory MM, those failing from the outset were con-
sidered ‘primary unresponsive’ and those relapsing from a
prior remission but not responding to salvage regimens
were deemed to have ‘resistant relapse’.4,5,8

This report provides a final analysis of outcome accord-
ing to the different treatment regimens including treatment-
related mortality within 60 days (TRM), incidence of strin-

Table 1 Patient characteristics (n = 133)

Parameter Percent of patients P

Total MEL <100 MEL-100 MEL 140 THIO TBI MEL-140
(n = 133) (n = 46) GM-CSF (n= 8) (n = 18) TBI

(n = 24) (n = 37)

B2M .2.5 mg/l 68 91 71 63 61 43 0.0001
Resistant 74 100 100 100 17 49 0.0001

Resistant relapse 41 37 71 75 11 32 0.0003
LDH .190 U/l 69 91 58 38 61 59 0.001
Age .50 years 59 71 46 75 78 46 0.06
Creat.2.0 mg/dl 8 13 17 0 0 3 0.1
.1 Year of Prior Rx 64 52 58 75 78 73 0.2

gently defined CR (negative immunofixation analysis of
serum and urine and normal bone marrow aspirate and
biopsy including DNA/cIg flow cytometry for at least 2
months) as well as durations of EFS, CR and OS; events
included relapse or death from any cause. Potentially rel-
evant host (age, performance status, creatinine, hemoglo-
bin, albumin) and disease variables (Durie–Salmon stage,
B2M, LDH, Ig isotype, bone marrow plasmacytosis) as
well as treatment intensity (6TBI) and supportive care, ie
hemopoietic growth factor support with GM-CSF or
ABMT, were also examined. Both univariate and multivari-
ate analyses were performed to identify the key variables
associated with the aforementioned endpoints. Kaplan–
Meier plots were used to depict EFS and OS. Comparisons
between curves were performed utilizing two-sided log-
rank tests.

Results

Table 2 portrays the clinical outcome for the five sub-
groups. Median EFS/OS durations were shorter with MEL
<100 and MEL 140+ ABMT (3/5 months) when compared
with the remaining regimens (9/24 months;
P = 0.0001/0.0001, respectively) (Figure 1). TRM was
highest in the MEL<100 trials and was significantly lower
with GM-CSF added to MEL 100 or with ABMT in support
of more intensive regimens (28%vs 10%, P = 0.008). CR
rates (normal marrow aspirate and biopsy and absence of
monoclonal protein in serum and urine on immunofixation
analysis) were higher with ABMT regimens (21%vs 6%,
P = 0.01). As of last follow-up, four of 10 patients continue
in CR, three after MEL 140+ TBI. The median CR dur-
ation was 16 months with 25% remaining in CR at 10 years
(Figure 2). When examined separately by regimens
effecting a minimum CR rate of 10%, the 12 patients
receiving greater dose intensity with ABMT support had a
CR duration of 22 months compared with 8 months for the
four remaining patients treated with MEL 100± GM-CSF
(P = 0.055) (Figure 2).

To account for the heterogeneity in disease, host, treat-
ment and supportive care variables, multivariate regression
analyses were applied, that identified the key prognostic
parameters associated with the aforementioned clinical end-
points (Table 3). The treatment approach was condensed
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Table 2 Clinical outcome according to treatment

Treatment n % TRM % CR Median months No. patients

EFS P OS P Alive CR

Total 133 17 12 6 15 10 4

MEL <100 46 28 7 2 5 1 0
0.02 0.02

MEL 100 + GM-CSF 24 17 4 6 22 1 0
0.8 0.7

MEL 140 + ABMT 8 13 13 4 8 1 1
0.8 0.2

THIO 750/TBI + ABMT 18 0 11 7 23 0 0
0.05 0.09

MEL 140/TBI + ABMT 37 11 27 15 24 7 3

P 0.1 0.04 0.0001 0.0002

MEL140-TBI

THIO 750-TBI

MEL 100+GM-CSF

MEL 140+ABMT

MEL ≤100

37

18

24

8

46

1.3

0.6

0.5

0.4

0.2

2.8

1.9

1.8

0.7

0.4

1.0

0.8

0.6

0.4

0.2

n EFS OS

0.0001 0.0004P

0 1 2 3 4 5 6 7 8 9

Event-free survival

P
ro

p
o

rt
io

n

1.0

0.8

0.6

0.4

0.2

0 1 2 3 4 5 6 7 8 9

Years from treatment

Overall survival
Median Yrs

Figure 1 Event-free and overall survival from high-dose therapy of all 133 patients and separately according to different regimens employed.

to TBI-containing truly myeloablative therapyvs non-TBI
regimens, and the importance of supportive care was exam-
ined according to whether ABMT or GM-CSF were admin-
istered. TRM was significantly higher in patients with renal
impairment, in those not receiving growth factor or ABMT
support and when age exceeded 50 years. Thus, the 36
patients (27%) presenting with all three favorable para-
meters had a TRM of only 3%, which was significantly
lower than the 15% in the presence of 1 (61 patients, 46%)
and the 33% when>2 variables were unfavorable (36

patients, 27%) (P = 0.002). CR was highest with TBI-con-
taining regimens and when prior treatment did not exceed
1 year (27vs5%,P = 0.0002). Both EFS and OS (following
HDT) were longer in the absence of resistant relapse, with
low B2M, growth factor/ABMT support and age<50
years. Thus, superior outcome was observed in the presence
of favorable variables with a progressive decline in both
EFS and OS durations as the number of favorable para-
meters decreased (Figure 3): 32% of patients in the low-
risk group enjoyed EFS/OS durations of 18/48 months
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Table 3 Multivariate regression analysis

TRM P CR P

Creatinine.2.0 mg/dl 0.007 TBI 0.006
No ABMT/GMCSF support 0.03 ,1 year of prior therapy 0.008
Age .50 years 0.05

EFS P OS P

ABMT/GMCSF support 0.0001 B2M<2.5 mg/l 0.0001
Non-resistant relapse 0.0001 Age<50 years 0.0001
Age <50 years 0.001 Non-resistant relapse 0.006
B2M <2.5 mg/l 0.01 ABMT/GMCSF support 0.01

Table 4 Multivariate regression analysis

EFS P OS P

1 Month landmark (n= 124)
ABMT/GM-CSF support 0.0001 B2M<2.5 mg/l 0.0001
Non-resistant relapse 0.0001 Age<50 years 0.0001
Age <50 years 0.0003 Non-resistant relapse 0.004
B2M <2.5 mg/l 0.02 ABMT/GM-CSF support 0.008

2 Month landmark (n= 111)
Non-resistant relapse 0.0001 B2M<2.5 mg/l 0.0001
ABMT/GM-CSF support 0.0001 Age<50 years 0.0001
Age <50 years 0.003 Non-resistant relapse 0.004
B2M <2.5 mg/l 0.03 ABMT/GM-CSF support 0.03

4 Month landmark (n= 97)
Non-resistant relapse 0.0001 B2M<2.5 mg/l 0.0001
ABMT/GM-CSF support 0.0001 Age<50 years 0.0001
Age <2.5 years 0.004 Non-resistant relapse 0.006
B2M <50 mg/l 0.02 ABMT/GM-CSF support 0.1

6 Month landmark (n= 85)
Non-resistant relapse 0.002 B2M<2.5 mg/l 0.0001
B2M <2.5 mg/l 0.02 Age<50 years 0.0005
Age <50 years 0.04 Non-resistant relapse 0.03
ABMT/GM-CSF support 0.1 ABMT/GM-CSF support 0.6

compared to 6/11 months among the 28% in the intermedi-
ate and 3/5 months in the high-risk group (40%).

In order to better appreciate possible long-term contri-
butions of supportive care or treatment intensity, several
landmark analyses were performed at 1, 2, 4 and 6 months
when 124, 111, 97 and 85 patients, respectively, were alive
(Table 4). The ranking order of independently significant
parameters for both EFS and OS at these landmarks was
virtually identical to that observed prior to HDT (see Table
3). Surprisingly, once supportive care (ABMT/GM-CSF)
was accounted for, addition of TBI, and hence overall regi-
men intensity, did not emerge as an independent favor-
able feature.

Discussion

This report represents a detailed account of the long-term
results (minimum follow-up, 7 years; 92% of patients have
died) of early HDT pilot trials for advanced and mainly

refractory MM. Although performed initially as phase II
feasibility trials to determine toxicity and efficacy of what
appeared to be a radical departure not only from past thera-
peutic approaches to patients with MM but also from the
common view that autotransplants should be performed
with curative intent. Ten-year EFS and OS of 11% and 19%
among the 37 patients treated with MEL 140+ TBI 850
cGy was remarkable and prompted scrutiny of companion
pilot studies conducted in the mid-1980s. It was surprising
indeed to note long-term survivors, some of whom are dis-
ease-free, among all MEL-containing trials (see Table 2 and
Figure 1). Although 10 and 15 year survivorship had been
reported with standard therapy in previously untreated
patients,17,18 this report dates outcome strictly from the
initiation of HDT mainly for relapsed and refractory MM.
When backdated to the time of initial therapy, the median
OS duration was 5 years, and 30% of those receiving MEL
140 + TBI are alive at 10 years (Figure 4). In contrast to
patients’ characteristics typically associated with 10 year
survivorship following standard therapy, such as low tumor
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Figure 2 Duration of complete remission dated from high-dose therapy. Left panel: all 16 patients achieving CR; right panel: superior outcome with
greater dose intensity requiring ABMT (median of 22vs 8 months,P = 0.055).

1.0

0.8

0.6

0.4

0.2

0 1 2 3 4 5 6 7 8 9

FAV.VAR.

>2

2

<2

n
43

37

53

EFS OS
4.0

0.0001
0.9

0.003
0.4

P 0.0001             0.0001

Event-free survival

P
ro

p
o

rt
io

n

1.0

0.8

0.6

0.4

0.2

0 1 2 3 4 5 6 7 8 9

Overall survival

Years from treatment

1.5
0.002

0.5
0.006

0.3

Median Yrs
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mass presentation and marked response to standard ther-
apy,10,11 patients in this study had advanced stage III dis-
ease at diagnosis in 32% and refractory disease in 74%.

TRM was highest (28%) among patients receiving
unsupported MEL<100 (no GM-CSF or ABMT) and
dropped significantly to 13% once supportive care with
either GM-CSF for MEL 100 or ABMT for eventually
myeloablative therapy with TBI was introduced (P = 0.03)
(Table 2). As was evident from multivariate analysis, how-
ever, renal function impairment and older age increased
TRM, independent of supportive care strategies (Table 3).
EFS and OS were longest among patients presenting with
low B2M (reflecting reduced tumor burden and/or pre-
served renal function), younger age, absence of resistant
relapse (probably associated with hyperproliferative disease
compared to primary unresponsive MM) and when
better supportive care was employed (GM-CSF/ABMT)
(Figure 3).

Landmark analyses revealed that regimen intensity was
not an independent variable once supportive care was
accounted for (Tables 3 and 4): indeed, the lower TRM
with ABMT/GM-CSF (10%vs28%,P = 0.008) contributed
markedly to longer EFS (9vs 2 months,P = 0.0001) and
OS (23vs 5 months,P = 0.0001). At 6 months after HDT,
when all transplant-related fatal complications and early
relapses had already occurred, the supportive care para-
meter lost its significance for both EFS and OS, which were
now mainly affected by disease features (B2M, resistant

relapse) and age. The consistent impact of supportive care
on both EFS and OS up to 4 months after HDT attests to
the toxicity of HDT for elderly MM patients when applied
without cellular or growth factor support. Absence of TBI
as a critical feature for long-term survival, even when ana-
lyzed at the 12 month landmark (data not shown), suggests
that the increase in regimen intensity (from MEL 100 to
MEL 140 + TBI) was insufficient to outweigh the impor-
tance of disease and host features in refractory and
relapsed MM.

Still greater regimen intensity was explored in the late
1980s in refractory MM using two cycles of HDT, both
supported by mobilized peripheral blood stem cells
(PBSC), which markedly hastened neutrophil recovery to
500/ml from a median of 23 days with ABMT to just 14
days and thus decreased TRM to 5%.19 A previously pub-
lished comparison of such ‘tandem autotransplants’ with
MEL 200, TBI-containing single ABMT and MEL 100
regimens, indicated that the greater dose intensity delivered
safely with two PBSC transplants emerged as the dominant
favorable prognostic feature for both EFS and OS together
with pre-HDT B2M.20 Examination of prognostic variables
that included timeliness of a second HDT cycle and CR
after HDT among almost 500 patients receiving tandem
transplants in different disease stages confirmed the impor-
tance of these two variables in addition to cytogenetics,
B2M, C-reactive protein and duration of prior therapy,
whereas age did not affect outcome.21
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Collectively, these data attest to the importance of opti-

mal supportive care with HDT that minimizes the duration
of neutropenia (mobilized PBSC); once that is assured,
further dose escalation (probably better achieved with tan-
dem autotransplants than by further intensification of a sin-
gle preparative regimen) is feasible and safe, resulting in
further prolongation of EFS and OS. After having demon-
strated the superiority of HDT over standard therapy,22,23

the Intergroupe Francaise du Mye´lome is currently testing
the validity of our Phase II data in a randomized trial of
one vs two cycles of HDT.

The observation of sustained CR in 25% of patients at
10 years following a single administration of HDT (MEL
140+ TBI, three patients; MEL 140+ ABMT, one patient)
(see Figure 2) justifies optimism that timely administration
of tandem transplants early during the disease course will
result in durable complete responses and hence effect cure
in a more sizable fraction of patients.23,24
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