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The effects of eight different drug combinations were evaluated in 256 patients with multiple myeloma. 
The response rate and time to remission were superior from regimens that added both vincristine and 
Adriamycin (doxorubicin) to an alkylating agent-prednisone combination. There was no improvement in 
response rate or survival time from two alternating drug combinations evaluated in an attempt to achieve 
more marked tumor reductions and to delay the emergence of resistant subclones. The addition of 
levamisole during remission maintenance did not improve survival time. Results supported the utility of 
unmaintained remission follow-up in selected patients with marked reductions in myeloma cell mass. 
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INCE the development of intermittent melphalan- S prednisone treatment for multiple myeloma about 
15 years ago, there has been limited progress in controlling 
this disease. Combinations of different alkylating agents 
have not improved results in most studies,'.* whereas the 
addition of vincristine and Adriamycin (doxorubicin) has 
contributed only slight gains.' Thus, a combination of 
vincristine-Adriamycin-prednisone with either cyclo- 
phosphamide (VCAP) or a nitrosourea (VBAP) increased 
the response rate to about 60% and the median survival 
time to about 30 months.' Alternating or sequential drug 
combinations have been useful in Hodgkin's disease and 
metastatic breast ~ a n c e r , ~ . ~  perhaps by delaying the evo- 
lution of resistant tumor subclones. This study evaluated 
the utility of two alternating schedules of most drugs 
considered active in myeloma, as well as evaluating 
whether levamisole might improve the longevity of re- 
sponding patients. The role of unmaintained remission 
follow-up and the value of certain prognostic factors in 
predicting survival time were also evaluated. 

Methods 
This report presents an analysis of 142 consecutive 

patients with multiple myeloma whose treatment began 
between February 1977 and November 1980. Only pa- 
tients previously untreated for myeloma were included 
in the study. The diagnosis was based on standard criteria 
that included bone marrow plasmacytosis exceeding 15%, 
and monoclonal globulin peaks in symptomatic patients; 
all patients with low myeloma globulin peaks on serum 
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portions of this analysis. 

electrophoresis (t4.0 g/dl) were also symptomatic, and 
showed multiple lytic bone lesions and depression of nor- 
mal immunoglobulins. The pretreatment tumor mass was 
rated as high, intermediate, or low, in accordance with 
a clinical staging system described 

Treatment Regimens 

Between February 1977 and July 1979, 106 patients 
were assigned at random to one of three different drug 
combinations (Tables 1 and 2). These regimens consisted 
of vincristine-melphalan-cyclophosphamide-prednisone 
alternating with vincristine-cyclophosphamide-Adria- 
mycin-prednisone (VMCP/VCAP), three courses of 
VMCP followed by  three courses of vincristine-bischlo- 
roethyl-nitrosourea (BCNU)-Adriamycin-prednisone 
(VMCP/VBAP), or melphalan-prednisone (MP). Be- 
tween July 1979 and November 1980, 36 additional pa- 
tients were assigned at random to one of two different 
combinations that consisted of either the VMCP/VBAP 
sequential program or vincristine-cyclophosphamide- 
prednisone (VCP) (Tables 1 and 2); 50% of these patients 
also received levamisole (50 mg four times daily on days 
8, 9, 15, and 16 of each cycle), but in the absence of any 
obvious effect of levamisole on response rate, these pa- 
tients were grouped to evaluate their response to either 
VMCP/VBAP or VCP. All drug combinations were re- 
peated at 25-day intervals, provided there was recovery 
of granulocytes to more than 1 800/mm3 and of platelets 
to more than 100,000/mm3. 

These treatments were given in initial doses outlined 
in Table 2, and adjusted to produce moderate bone mar- 
row toxicity, i.e., nadir in granulocytes between 1000 to 
2000/mm3, or in platelets between 40,000 to 80,000/mm3. 
Clinical response was based on criteria described previ- 
ously that required a 75% reduction of myeloma protein 
production and/or disappearance of Bence Jones protein 
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TABLE I .  Response Rates in Multiple Myeloma 

No. No. Response 
treated responsive rate (%) 

Previous study 
1974- 1977 

CAP 22 
VCAP 35 
VMCP with early 

VCAP to 
nonresponders 34 

VBAP 23 
Current study 

1977- 1979 
VMCP/VCAP 

VMCP X 3/VBAP X 3 
(sequential) 34 

MP 30 

VMCP X 3/VBAP X 3 22 
VCP 14 

(alternating) 42 

1979-1980 

10 
22 

18 
14 

23 

20 
16 

14 
2 

45 
63 

53 
61 

55 

60 
53 

64 
14 

CAP cyclophosphamide-Adnamycin-prednimne; VCAP vincnstine- 
cyclophosphamide-Adnamycin-prednisone; VMCP vincnstine-mel- 
phalan-cyclophosphamide-prednisone; VCP vincristine-cyclophos- 
phamide-prednisone; VBAP: vincristine-bischloroethyl-nitrosourea 
(BCNU)-Adnam ycin-prednisone. 

after the electrophoresis of urine concentrates.’*6 All pa- 
tients who did not achieve such marked reductions of 
tumor mass were rated as failures to treatment, including 
patients with early deaths within 4 weeks. Serial calcu- 
lations of myeloma protein production by  computer pro- 
gram considered the serum myeloma protein concentra- 
tion, the changing IgG catabolic rate, the estimated plasma 
volume, and the background of normal gamma globulin.’ 
The speed of tumor reduction was also compared for each 
treatment in all patients with IgG or IgA myeloma protein 
peaks. 

TABLE 2. Chemotherapy Dose Regimens 

Vincristine 1 mg IV d I 
Melphalan 5 mg/m2/d X 4 d 
Cyclophosphamide 100 mg/m2/d X 4 
Prednisone 100 mg/d X 4 d 

VMCP 

d 

VCAP Vincristine I mg IV d 1 
Cyclophosphamide 100 mglm2/d X 4 d 
Adriamycin 25 mg/m2 IV d I 
Prednisone 100 mg/d X 4 d 

Cyclophosphamide 100 mg/m2/d X 4 d 
Adriamycin 25 mg/m2 IV d 1 
Prednisone 100 mg/d X 4 d 

Vincristine 1 mg IV d 1 
BCNU 25 mg/m2 IV d I 
Adriamycin 25 mg/m2 IV d I 
Prednisone 100 mg/d X 4 d 

Melphalan 7 mg/m2/d X 4 d 
Prednisone 100 mg/d X 4 d 

Vincristine I mg 1V d 1 
Cyclophosphamide 130 mg/m2/d X 4 d 
Prednisone 100 mg/d X 4 d 

CAP 

VBAP 

MP 

VCP 

Remission Maintenance 

Between August 1977 and October 1980, 57 eligible 
responding patients who had received at least 6 months 
of drug treatment on any of the three initial induction 
regimens were assigned at random to one of two che- 
moimmunotherapy maintenance programs (Table 3). 
These programs consisted of 12 months of either VMCP 
or VMCP with levamisole as described above. Mainte- 
nance treatment continued for 12 months on both pro- 
grams, after which no chemotherapy was given, until re- 
lapse, to those in whom myeloma proteins had disap- 
peared (Table 3). When relapse developed, the VMCP 
combination was reinstituted and continued until the pa- 
tient relapsed or died. The frequency and duration of a 
second reduction in tumor mass were defined in 24 pa- 
tients relapsing from unmaintained remissions in this and 
a previous study after they had completed 1 year of a 
VMCP-BCG (bacille Calmette Guirin) maintenance 
program.’ 

Previous Study 

Response and survival data were compared with those 
from an immediately preceding study conducted from 
1974 to 1977, in which 114 patients were randomized 
among four induction treatments (Tables 1 and 2). These 
treatments consisted of identical regimens of VCAP, 
VMCP followed by VCAP to all nonresponders after 6 
months, VBAP, and cyclophosphamide-Adriamycin- 
prednisone (CAP). Patients responding to any of these 
treatments received a 12-month consolidation program 
using alternating VMCP-BCG as described previously’ 
(Table 3). All patients were included in survival calcu- 
lations that used the life-table method from the start of 
both initial and maintenance chemotherapy until death.’ 

Results 

Comparability of Treatment Groups 

The frequency and seventy of specific disease com- 
plications were evaluated in each group of patients re- 
ceiving the different induction and maintenance treat- 
ments. There were no major differences in those char- 
acteristics known to affect prognosis, such as tumor mass 
grade, anemia, hypercalcemia, or renal failure. Slightly 
more patients with poor prognostic features for survival 
were treated initially with alternating VMCP/VCAP, and 
more patients with good prognostic features received ini- 
tial MP. 

Frequency of Response 

Between February 1977 and July 1979, 106 patients 
received one of three different drug combinations, i.e., 
VMCP/VCAP, VMCP/VBAP or MP. The 2% of patients 
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TABLE 3. Treatment Schema 

Responding patients 

Randomization for Maintenance Peak Peak 
induction treatment (6 mo) treatment ( I  2 mo) disappearance persistence 

Previous study (1974-1977) 
CAP > 

:cM"c'p 1 
VBAP 

VMCP + BCG No treatment No treatment 

Current study ( 1977- 1980) 
VMCPIVCAP 
VMCPIVBAP 
MP 

VMCP 
vs No treatment VMCP 
VMCP + levamisole 

CAP cyclophosphamide-Adriamycin-prednisone; VCAP vincristine- 
cyclophosphamide-Adriamycin-prednisone; VMCP vincristine-mel- 
phalan-cyclophosphamide-prednisone; BCG: bacille Calmette GuCrin; 

VBAP vincristine-bischloroethyl-nitrosourea (BCNU)-Adriamycin- 
prednisone; MP: melphalan-prednisone. 

not evaluable because of early death within 4 weeks were 
rated as failures. Response results were compared with 
those of 1 14 comparable patients who received one of 
four treatments given in the immediately preceding study, 
i.e., CAP, VCAP, VMCP, or VBAP. Six of the seven 
treatments produced a similar frequency of remission, 
between 53% and 63%: the exception was the 45% re- 
sponse rate from CAP given between 1974 and 1977 
(Table 1). For the 36 patients treated between 1979 and 
1980, the response rate from VMCP/VBAP (64%) was 
similar to the identical program given previously from 
1977 to 1979 (60%), but only 2 of 14 patients responded 
to VCP 4 of 8 patients unresponsive to VCP achieved 
remissions from a later Adriamycin-prednisone combi- 
nation. All patients were then evaluated according to 
whether both vincristine and Adriamycin had been given 
or whether one or both of these drugs had been omitted 
from the combination, i.e., MP, VCP, or CAP. The re- 
sponse rate from the more complex combinations (58%) 
was 16% higher than that from those combinations with- 
out both vincristine and Adriamycin (42%) (P = 0.03) 
(Table 4). 

Kinetics of Response 

The speed of tumor mass change was evaluated from 
changes in serum myeloma protein production rate in 
all 205 patients with IgG or IgA serum peaks. Calculations 
were based on serial measurements of myeloma protein 
level, the changing IgG catabolic rate with changing serum 
concentration, and estimates of plasma volume from the 
hematocrit and weight as described previously. 'A' Post- 
treatment values were expressed as a percentage of the 
pretreatment myeloma protein production considered at 
100%. Results from the 151 patients with serum peaks 
receiving vincristine-Adriamycin-alkylating agent-pred- 
nisone combinations were compared with those from the 
54 patients who had not received added vincristine-Ad- 
riamycin. More rapid tumor reductions occurred in pa- 
tients who received the more complex regimens, in whom 
the median serum myeloma protein halving time was 3.9 
months for all patients and 1.5 months for responding 
patients. (Those patients who did not reduce serum my- 
eloma protein by 50% were considered to have an infinite 
halving time). In contrast, the median halving time was 

TABLE 4. Response. Rates From Various Chemotherapy Combinations 

Response rate 
No. treated No. responsive (%) 

Includes both vincristine + Adriamycin 
VCAP 
VMCP + early VCAP to nonresponders 
VBAP 
VMCP/ VCAP 
VMCP X 3lVBAP X 3 

Excludes vincristine or Adriamycin 

66 
MP 
VCP 
CAP 

190 1 1 1  

P = 0.03 

28 
/ 

42 

VCAP: vincristine-cyclophosphamide-Adriamycin-prednisone; sone; M P  melphalan-prednisone; VCP vincristine-cyclophosphamide- 
VMCP vincristine-melphalan-cyclophosphamide-prednisone; VBAP 
vincristine-bischloroethyl-nitrosourea (BCNU)-Adriamycin-predni- 

prednisone; CAP cyclophosphamide-Adriamycin-prednisone. 
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FIG. 1. Survival curves for the 106 patients treated with alternating 
VMCP/VCAP, VMCP/VBAP, or MP between 1977- 1979, compared 
with those of patients treated with separate drug combinations (VMCP. 
VCAP, or VBAP) that fell within the shaded area. Favorable prognostic 
features for survival were most common among patients treated with 
MP, and least common among those receiving VMCP/VCAP. 

8.3 months for all patients, and 2.0 months for the lower 
fraction of responding patients who had not received both 
vincristine and Adriamycin. 

+- 
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FIG. 2. The similar survival curves of 57 responding patients after 
randomization to either VMCP or VMCP + levamisole. compared with 
those of 59 responding patients receiving VMCP + BCG. None of the 
differences were significant (P > 0.4). 

Survival Time 

Survival was calculated for all patients receiving each 
of the induction therapies; longevity was similar for all 
treatments, the median survival ranging from 27 to 38 
months. The median survival was almost identical at 30 
months for the 190 patients in whom vincristine and 
Adriamycin were part of the early treatment program and 
29 months for the 66 patients in whom one or both of 
these drugs had been omitted. Most of the latter also 
received multiple courses of VBAP or VCAP for refractory 
disease later in their treatment courses. No significant 
differences in survival were apparent among the 42 pa- 
tients who received the VMCP/VCAP alternating pro- 
gram, the 34 patients given the VMCP/VBAP sequential 
combination, the 30 patients treated with MP between 
1977 and 1979 and the 92 patients who received single 
combinations of either VCAP, VBAP, or VMCP between 
1974 and 1977 (P > 0.2) (Fig. 1). The slightly longer 
survival of patients treated with MP was attributed to 
their higher frequency of favorable prognostic features 
and the use of later vincristine-Adriamycin combinations 
in most of this group when tumor resistance was apparent. 

Remission Maintenance 

Survival durations were compared for responding pa- 
tients after random allocations to l year of treatment 
with either intermittent VMCP therapy or intermittent 
VMCP with added levamisole. All 57 patients were in 
remission at the time of randomization, which was no 
sooner than 6 months after the start of induction therapy. 
Results were compared with those from 59 responding 
patients in the immediately preceding study who were 
maintained for 1 year on the VMCP-BCG combination 
(Table 3).* All three patient groups were comparable in 
terms of those major factors known to affect prognosis. 
As indicated in Figure 2, the survival from randomization 
for the VMCP-levamisole group was identical to that for 
patients receiving VMCP alone and for patients receiving 
the VMCP-BCG combination (P > 0.4). These survival 
curves were also similar to those found previously in 
comparable responding patients maintained on either 
azathioprine-prednisone, melphalan-cyclophosphamide- 
BCNU-prednisone (MCBP), or on no treatment until 
relapse.','' 

The frequency of further decline in serum myeloma 
protein, with or without leyamisole, was evaluated in 
responding patients with serum peaks greater than 1 .O g/ 
100 mi and treated for at least 6 months. From calcu- 
lations of serial tumor mass change, 53% of those receiving 
levamisole continued to reduce plasma cell mass further 
by more than 50%, in comparison with 44% of those not 
receiving levamisole (P > 0.4). 
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Unmaintained Remission 

Of the 1 16 responding patients who received either the 
VMCP, VMCP + levamisole, or VMCP-BCG mainte- 
nance programs for 12 months, myeloma proteins had 
disappeared in 34 patients who were then followed without 
chemotherapy. The median duration of unmaintained 
remission was 14 months, with no differences between 
those who had presented with IgG, IgA, or only Bence 
Jones proteins. The resumption of VMCP with relapse 
of myeloma proteins reduced myeloma tumor mass by 
more than 50% in 12 of 24 patients treated to date (50%); 
these patients then had a median second maintained re- 
mission duration of 20 months. The median survival for 
all patients from follow-up without chemotherapy was 
34 months, with a total median survival of 54 months 
from their first chemotherapy. Four relapsing and re- 
treated patients achieved second disappearances of their 
myeloma protein and then completed 18 months of a 
second VMCP consolidation program; these patients were 
then followed again without chemotherapy and had a 
second median unmaintained remission of only 4 months, 
in comparison with a median of 2 1 months for their first 
unmaintained remission (P = 0.07). 

Prognostic Factors 

The effects of a variety of clinical and laboratory fea- 
tures on the response to treatment and on survival time 
were evaluated; these included the pretreatment tumor 
mass grade, age, renal function, myeloma protein type, 
and 20 other factors commonly evaluated in patients with 
multiple myeloma. To control the role of treatment, only 
the 190 patients who received the superior drug combi- 
nations that included both vincristine and Adriamycin 
between 1974 and 1980 were included. 

As in previous studies, no clinical feature was identified 
that predicted the occurrence of remission. The most 
important factors associated with shortening of survival 
were tumor mass load (P = 0.003), blood urea nitrogen 
levels greater than 30 mg/100 ml (P = 0.008), serum 
albumin levels less than 3.5 gj100 ml (P = 0.01 l), calcium 
levels greater than 11.5 mg/100 ml (P = 0.012), and 
hemoglobin less than 8.5 g/100 ml (P = 0.028). When 
all features were evaluated simultaneously by a multiple 
regression analysis based on the Cox model, only pre- 
treatment tumor mass and hypoalbuminemia remained 
as significant variables. This analysis demonstrated the 
major role of tumor mass as a prognostic factor, presum- 
ably because it was either defined by or associated with 
most of the harmful clinical features. 

Discussion 

This report summarizes the results from eight different 
drug combinations in patients with multiple myeloma 

treated over a 6-year period. All patients had unequivocal 
criteria for the diagnosis, and received intermittent courses 
of chemotherapy in maximal doses in a consistent man- 
ner. Despite the small number of patients in each group 
treated over different time periods, all groups appeared 
comparable, with a similar frequency and severity of those 
complications known to affect prognosis.6 Response to 
therapy was based on a 75% reduction of tumor mass as 
defined by a 75% reduction of serum myeloma protein 
production, and the elimination of Bence Jones protein, 
as described previously. ' * I  ' 

Those regimens that included both vincristine and Ad- 
riamycin early in the treatment program produced re- 
missions in 16% more patients than other regimens given 
to comparable randomized patients. This result confirmed 
the superiority of the VCAP combination to the CAP 
combination reported previously,' was consistent with 
the 30% response rate from VBAP in patients relapsing 
after prior MP," and was supported by the marked tumor 
reductions from an Adriamycin program in some of our 
unresponsive patients resistant to cyclophosphamide. In 
addition, combinations of vincristine-Adriamycin with 
alkylating agent-prednisone produced a more rapid re- 
duction of serum myeloma protein as an index of tumor 
mass change. Thus, nonresponders were recognized earlier 
and other investigational therapies introduced sooner, 
especially when poor prognostic features were present. 
The similar survival times for all treatment groups were 
attributed to the use of vincristine-Adriamycin-predni- 
sone combinations in 50% of our resistant patients not 
exposed previously to one or more of these drugs, many 
of whom either responded to treatment or had stable 
disease for many months. Thus, older treatments, such 
as MP, appeared inferior to more complex combinations, 
such as VCAP, in terms of the frequency and onset of 
remission. 

Alternating drug combinations were evaluated to de- 
termine whether different drugs might be effective against 
different tumor subclones from the start of treatment, 
and whether neoplastic plasma cells resistant to some 
drugs might be sensitive to ~ t h e r s . ~ . ~  Also, we hoped that 
different drug combinations might reduce the spontaneous 
mutation rate of new subclones and thus delay the ap- 
pearance of resistant cells.13 The response rates and sur- 
vival for either the alternating VMCP/VCAP or the se- 
quential VMCP/VBAP combinations were similar to 
those found previously in comparable patients treated 
with either VCAP or VBAP as a single combination, 
showing no clear gain from alternating the two regimens. 
We attributed this result to the similarity of most of the 
drugs used in our two alternating regimens. This finding 
suggests that more marked differences between drug com- 
binations are necessary to improve the therapeutic results. 

No improvement in survival and no further reduction 
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of residual cell mass was found when levamisole was 
added to the VMCP consolidation treatment in respond- 
ing patients in an attempt to enhance patient immunity. 
Levamisole is an antihelminthic drug that improves some 
aspects of depressed immunity in rnan,14*15 prolongs re- 
mission after control of murine leukemia,I6 and improves 
the depressed immunity of mice with myeloma." Survival 
times from either the VMCP or VMCP-levamisole treat- 
ments were similar to those of patients previously treated 
with VMCP-BCG and other maintenance programs. 
These findings did not indicate any useful role for lev- 
amisole in the maintenance treatment of responding pa- 
tients with multiple myeloma. 

We found a median unmaintained remission time of 
14 months for the 30% of responding patients in whom 
myeloma proteins had disappeared. Follow-up under close 
supervision without additional treatment seems logical 
for patients who achieve such marked tumor reductions 
and are likely to enjoy prolonged clinical stability. This 
approach is in contrast to the continued chemotherapy 
necessary for most patients with persistent myeloma pro- 
teins, in whom the median unmaintained remission was 
only 6 months.8 Approximately 20% of those patients 
also had stable myeloma proteins and an unmaintained 
remission longer than 12 months; most of those patients 
had either presented with a low tumor mass at diagnosis 
and/or had a very slow onset of remission. 

The lower frequency of a second remission with re- 
sumption of chemotherapy, along with the less marked 
degree and shorter duration of tumor reduction," indi- 
cated a gradual accumulation of drug-resistant cells during 
the no-treatment period. Whether the growth of such 
resistant cells was delayed in patients not receiving che- 
motherapy, in comparison with those maintained on 
treatment, could not be determined. More effective con- 
solidation treatments that might reduce tumor burden 
further or delay the emergence of resistant clones and 
better patient selection from prognostic factor studies may 
permit more patients to be followed without chemo- 
therapy. This approach is justified by the frequency of 
second (and sometimes third) remissions, the stable tumor 
load in most other patients after retreatment, the con- 
sequent long survival time of good quality, and the po- 

tential for a lower frequency of therapy-induced leu- 
kemia. l 8  
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