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Response rate, remission duration, and survival time were compared in 236
patients with multiple myeloma receiving a melphalan-prednisone-procar-
bazine combination and in 156 patients receiving only melphalan-prednisone.
Response was confirmed when myeloma protein production had been reduced
to less than 25% of the pretreatment value. Of the evaluable trials, 59% of
patients responded to the procarbazine combination, and 48% to melphalan
and prednisone. In both treatment groups, the survival time of all patients
(22 months) and the remission duration of responding patients (21 months)
were similar. Maximum degrees of myeloma protein reduction were associated
with longer remissions and survival. Previously reported resistance to treat-
ment of patients with only lambda Bence Jones protein was not apparent
with these superior treatment regimens. Results support the value of com-
bination chemotherapy with melphalan-prednisone-procarbazine for remission

induction in patients with multiple myeloma.

MELPHALAN (ALKERAN, BURROUGHS WELL-
come) is an alkylating agent which has
induced tumor response in about one third
of patients with multiple myeloma.24¢ As in
certain other malignant conditions in ani-
mals® and man,! the schedule of drug ad-
ministration has an important influence on
the therapeutic response. Thus, using older
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criteria for defining response, an intermittent
schedule of melphalan treatment induced
clinical remissions in about 409, of patients
with myeloma, in contrast to about 209 of
patients receiving a daily regimen3 When
large doses of melphalan and prednisone (Del-
tasone, Upjohn) were given concurrently in
short courses, about 709, of myeloma patients
improved.? In a separate study, clinical ac-
tivity had been found from procarbazine
(Matulane, Roche) alone in two of four pre-
viously untreated patients with myeloma.13
This observation has been confirmed by
others® and formed the rationale for the
evaluation of this drug in combination with
melphalan and prednisone. This report com-
pares the incidence, degree, and duration of
objective response using a melphalan-predni-
sone-procarbazine combination with response
to a similar combination of melphalan and
prednisone in a randomized treatment trial.

METHODS

Included in this report are results on 315
patients with multiple myeloma treated at 10
Southwest Cancer Chemotherapy Study Group
(SWCCSG) institutions between February 1968
and June 1971. Patients not treated pre-
viously with an alkylating agent or with pro-
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carbazine were considered eligible when objec-
tive manifestations of multiple myeloma, such
as protein abnormalities, were available for
measurement,

Laboratory studies: Diagnosis was estab-
lished by confirming in symptomatic patients
that plasma cells constituted more than 109,
of the cells in aspirated bone marrow in asso-
ciation with a myeloma globulin peak on
serum or urine electrophoresis. After the insti-
tution of chemotherapy, myeloma globulin
levels were measured serially as previously
described.? In 259 patients whose cases could
be evaluated in this study and in 163 patients
from previous studies, the antigenic type of
heavy and/or light chains of the myeloma pro-
tein was confirmed by immunoelectrophoresis.
The antigenic subclass was also determined in
97 of 186 evaluable patients with an IgG peak
who received combination therapies (courtesy
of Dr. Peter Schur). Measurements of hemo-
globin, white blood cell count, platelet count,
and levels of blood urea nitrogen and serum
calcium were performed in all subjects, and
repeated at appropriate intervals.

Treatment regimens: From February 1968
to January 1970, 162 patients were assigned at

TABLE 1.
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random to one of two melphalan treatment
regimens (Table I). Treatment “M + P + P”
consisted of intermittent melphalan in concur-
rent combination with large doses of predni-
sone and procarbazine every 6 weeks, Predni-
sone was given for 4 days, the dose then
tapered and discontinued within 4 subsequent
days. Procarbazine courses were given for 9
days beginning on the day after initiation of
melphalan and prednisone. Schedule “M + P”
consisted of an identical schedule of mel-
phalan and prednisone therapy without pro-
carbazine. The melphalan dose in Treatment
M + P + P was 209, less than in Treatment
M + P. From February 1970 to June 1971,
168 consecutive patients were also treated
with the triple-drug combination, but procar-
bazine was given concurrently for 6 days in
similar total dose (Table 1). Results from both
combination regimens (M + P and M + P +
P) were compared with a previous SWCCSG
study conducted between 1965 and 1968, in
which patients were allocated at random to ei-
ther intermittent melphalan alone (M) or in-
termittent melphalan with prednisone (M +
P) in similar dose regimens (Table 1). In the
latter analysis, all patients were included from

Alexanian et al.

Incidence of Response Following Treatment with Different Melphalan Regimens

Not evaluable

Response Per cent all

Inade- rate (excludes
No. Earl quate No. No. per cent inadequate
treated deat report evaluable responding evaluable reports)
M + P + P (1968-1971)
Melphalan 0.20 mg/kg/day X 4,
q. 6 weeks
Prednisone 2.0 mg/kg/day X 4,
q. 6 weeks
+ Procarbazine 3.0 mg/kg/day
X9 ) 83* 8 1 74 43 58 52
or Procarbazine 4.0 mg/kg/day
X 6, q. 6 weeks 1531 17 5 131 77 59 52
Combined results from M 4+ P 4+ P 236 25 6 205 120 59 52
M + P (1968-1970) 79* 6 0 73 32 44 41
Melphalan 0.25 mg/kg/day X 4,
q. 6 weeks
Prednisone 2.0 mg/kg/day X 4,
q. 6 weeks
M + P (1965-1968) 771 9 2 66 35 53 47
Combined results from M + P 156 15 2 139 67 48 44
M (1965-1968) 65% 9 2 54 13 24 21
Melphalan 0.25 mg/kg/day X 4,
q. 6 weeks

* Randomized comparison 1968-1970.
t Consecutive series 2/70-6/71.
* Randomized comparison 1965-1968.
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the same institutions that had contributed to
the 1968 to 1970 study.* Identical criteria for
eligibility in the study were required. Detailed
analyses of the frequency of anemia, azotemia,
and hypercalcemia indicated that the pretreat-
ment severity of disease was similar in all pa-
tient groups.

In all patients, melphalan and/or procarba-
zine dosage was adjusted in serial increments
or decrements to a level that produced either
mild leukopenia (white blood cell count <
3,500/mm3) or mild thrombocytopenia (plate-
lets < 150,000/mm3) about 4 weeks after each
course. Response was evaluated not sooner
than 3 months after institution of therapy. If
an objective response occurred (vide infra),
treatment was continued indefinitely through
the remission period. Localized radiotherapy
for symptomatic bone lesions was given when
indicated.

Evaluation of response: Clinical response
was evaluated in accordance with modifica-

* The total number of patients with evaluable rec-
ords by institution from 1968-1971 was: Baylor College
of Medicine, 20; Cleveland Clinic, 25; Henry Ford Hos-
pital, 32; Ohio State University, 20; Scott & White
Clinic, 20; Tulane University School of Medicine, 12;
University of Arkansas Medical Center, 29; University
of New Mexico School of Medicine, 6; University of
Texas M. D. Anderson Hospital, 112; University of
Utah School of Medicine, 2.
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Fic. 1. Relationship between serum concentration
of IgG globulin and synthetic index (product of
serum level and fractional catabolic rate). This curve
was calculated from data provided by Waldmann
(insert) defining the relationship between fractional
catabolic rate and serum level for the 1, 2, and 4
subclasses.'*
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tions of criteria previously presented in
detail.® Objective response was defined as one
or both of the following sustained for at least
2 months: 1. decrease in calculated production
rate of serum myeloma globulins to less than
259, of the pretreatment value with serum
concentrations falling to less than 2.5 g/100
ml, or 2. decrease in Bence-Jones protein ex-
cretion to less than 109, of the pretreatment
value and to less than 200 mg/day. In addi-
tion, patients were considered responsive only
when there were improvement or maintenance
of hemoglobin above 9 g/100 ml, serum albu-
min above 3.0 g/100 ml, and serum calcium
below 12 mg/100 ml. Bone pain and impaired
physical performance improved in all patients
responding to treatment in accordance with
these criteria. In patients with IgA and IgG,
peaks, the degree of remission was measured
from the ratio between the lowest myeloma
protein level and the pretreatment value ex-
pressed as a per cent of control. (Of the 97 pa-
tients with an evaluable clinical trial and an
IgG subtype, four had an IgG; and three had
an IgG, subclass.) The “fractional catabolic
rate” for IgG myeloma protein of the 1, 2, and
4 subclasses declines markedly with progres-
sive decline in concentration below 3.2 g/100
ml**14 (Fig. 1). Thus, changes in tumor mass
will be underestimated when calculations are
based only on the measured decline in the
serum concentration of IgG peaks.'?2 For pa-
tients with IgG myeloma protein, changes in
plasma cell tumor mass were estimated from
changes in calculated “synthetic index” (prod-
uct of serum concentration and fractional cat-
abolic rate).12.14

Survival analyses: All patients were in-
cluded in the survival analysis except those
who had received less than 4 days of mel-
phalan treatment. Survival was calculated by
the life-table method of Kaplan and Meier?
from the institution of chemotherapy to death
for all patients, including those who died of
diseases considered unrelated to myeloma.
The remission duration of each responding
patient was calculated from a decline to less
than 259%, of control in myeloma protein level
(IgA or Bence Jones proteins) or synthetic
index (IgG proteins) to the earliest occurrence
of either return to more than 259, of control,
or doubling in level. This change almost al-
ways preceded or developed concurrently with
other evidence of disease relapse, such as in-
creasing anemia, hypercalcemia, or progres-
sion of lytic bone lesions.
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RESULTS

Frequency and degree of response: Of 315
patients who received melphalan combina-
tions between 1968-1971, the records of 278
could be evaluated. Response could not be de-
termined in 37 patients, in six because of in-
complete data and in 31 because death
occurred within 3 months of the start of ther-
apy. Objective improvement was found in
449, of those with evaluable records receiving
melphalan and prednisone, a result similar to
that (53%,) in patients receiving an identical
dose regimen between 1965 and 1968 (Table
1). When all patients treated in both studies
with melphalan and prednisone were analyzed
as a single group (M + P for 1965-1970), a re-
sponse rate of 489, resulted. Since the re-
sponse rates from both procarbazine regimens
were also similar (589, and 599%,), all patients
receiving procarbazine combinations were ana-
lyzed as a single group (Table 1). The re-
sponse rate for the procarbazine combination
(599,) was superior to that for the combined
melphalan-prednisone group (48%,), p < 0.1.
More than 509, of responding patients
achieved remission within 3 months, and more
than 759, had responded by 6 months. Serum
peaks disappeared from the electrophoresis
strip in 159, of evaluable patients receiving
both treatment programs.

Seventy-seven patients considered ‘‘unres-
ponsive” to treatment showed significant clini-
cal improvement. Such ‘“improvement” was
recognized separately from “response” when
the concentration of IgA myeloma proteins or
the synthetic index of IgG myeloma proteins
declined to less than 509, but not to less than

CHEMOTHERAPY FOR MYELOMA

385

259, of the pretreatment value. In all of these
patients, most major complications due to
myeloma were alleviated. As indicated in
Table 2, 229, of evaluable patients receiving
both combination regimens showed such “im-
provement.”

Survival and remission duration: Patients
treated with the triple-drug combination had
a median survival time (23 months) similar to
that for patients receiving only melphalan-
prednisone (21 months), but longer than that
for the 65 patients receiving intermittent mel-
phalan alone between 1965 and 1968 (18
months), p < 0.1. Figure 2 portrays the sur-
vival curves for all patients in each treatment
group. Responsive patients lived about 18
months longer than unresponsive patients,
and Fig. 8 presents the survival curves for the
responsive and unresponsive patients in each
treatment group. For all treatments, the me-
dian survival time of responsive patients was
similar at about 36 months; the median sur-
vival of unresponsive patients was also similar
at about 18 months (Table 3). The median
survival time for those unresponsive patients
who “improved” (decline in myeloma protein
production to 25-499%, of control) was only 19
months. This duration was 6 months longer (p
< .05) than that found in unresponsive pa-
tients without improvement (13 months), but
12 months shorter (p < .01) than measured in
responsive patients with reduction of mye-
loma proteins to less than 259, of control
(Table 2).

The median remission duration was 21
months for responding patients receiving both
combination treatments. The median dura-
tion of “improvement” in patients with mye-

Alexanian et al.

TABLE 2. Degree and Duration of Remission from Combination Chemotherapy for Myeloma
Per cent evaluable .
Remission Survival
Degree of remission (Per cent control) M+ P M+P+P duration* from treatment*
Unresponsive
Only Bence Jones protein 7 4 — 14
50-100 . Kk 22 16 _— 13
2549 with serum peal 2 22 ot 19
Responsive
10-24 . 15 20 17 31
<10t with serum peak 20 25 25 37
Only Bence Jones protein 14 13 23 33
ToraL 100 100

* Median months for all 344 evaluable patients receiving both combination regimens.
t Duration of myeloma protein reduction below 509, of control. .
t Serum peaks disappeared from the electrophoresis strip in 659, of these patients.
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Fic. 2. Survival from initiation of chemotherapy
for all patients treated with melphalan alone (solid
circles), melphalan 4 prednisone (open circles), and
melphalan + prednisone + procarbazine (triangles).

loma proteins reduced to only 25499 of con-
trol was only 9 months, a figure shorter (p <
~01) than measured in patients with greater
tumor reduction (Table 2). Responding pa-
tients with marked degrees of reduction of
serum myeloma proteins (< 109, of pretreat-
ment value) had disease control for 8 months
longer (p < .01) than patients with lesser de-
grees of protein reduction (10-24%, of con-
trol). Responsive patients with only Bence
Jones protein had a remission duration and
survival time that was similar to that for other
responsive patients with serum peaks (Table
2).

) Toxicity: With both treatment programs,
serious toxicity occurred infrequently, side ef-
fects were mild, and the maximum degrees of
leukopenia and thrombocytopenia were com-
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parable. Moderate nausea occurred in most
patients treated with procarbazine, but in
only 10 of 236 patients did protracted vomit-
ing preclude further treatment with this drug,
Skin eruptions were reported in 14 patients re-
ceiving procarbazine and consisted of a tran-
sient pruritic, maculopapular eruption over
most of the body. In only five patients was
this rash so severe that all subsequent courses
were given without procarbazine. No serious
toxicity was associated with the short duration
of prednisone therapy used in these patients.
During the initial treatment period, 159, of
patients treated with either M + Por M + P
+ P showed a decline in white blood count to
less than 1,500 or a fall in platelet count to
less than 50,000. Severe bone marrow suppres-
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Fic. 3. Survival from initation of chemotherapy for
responsive (solid line) and unresponsive (dashed line)
patients treated with melphalan alone (closed circles),
melphalan 4 prednisone (open circles), and melphalan
+ prednisone + procarbazine (triangles).
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TABLE 3.
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Median Survival in Months from Chemotherapy

Unresponsive

All patients (excludes early deaths) Responsive
M + P + P (1968-1971) 23* (109/236) 20 (43/85) 32* (40/120)
M + P (1965-1970) 21 (111/156) 15 (55/72) 36 (39/67)
M (1965-1968) 18 (59/65) 18 (38/41) 39 (10/13)

* Extrapolated estimate since less than 509, were dead.

Figures in parentheses indicate number dead/total.

sion causing or contributing significantly to
death occurred in 29, of all patients receiving
the doses of melphalan and procarbazine used
in this study.

Myeloma protein type: The antigenic type
of heavy and light chains of the myeloma pro-
tein was identified in 363 of the 398 patients
treated since 1965, whose cases could be evalu-
ated, and in 59 additional evaluable patients
treated with melphalan alone in the SWCCSG
between 1960 and 1965 (Table 4). The re-
sponse rate of myeloma patients with different
protein types was compared after three differ-
ent melphalan treatment programs. Table 4
indicates that the previously reported low re-
sponse rate for patients producing only
lambda light chains was not confirmed in pa-
tients receiving combination therapies. In ad-
dition, there was no apparent difference in re-
sponse rate between patients with IgG mye-
loma proteins of the 1 or 2 subclass.

DiscussioN

The clinical evaluation of a new treatment
program in a chronic disease with a variety of
manifestations, such as multiple myeloma, re-
quires standardized criteria for eligibility in
the study, for comparing patient groups, and
for evaluating response to treatment. In this
study, all patients were symptomatic, had sig-
nificant marrow plasmacytosis, and showed a
monoclonal peak on serum or urine electro-
phoresis. A large number of eligible patients
were assigned at random to one of two treat-
ment groups; results were compared with
those found from similar study of a large
number of patients treated previously at the
same institutions, and all treatment groups
were comparable in terms of the frequency
and severity of specific disease complications.
The rationale for evaluating response to ther-
apy from significant changes in myeloma pro-
teins and control of most major disease com-
plications has been presented previously.23
Further precision was added by evaluating

changes in tumor mass in patients with IgG
myeloma peaks from changes in myeloma pro-
tein production rate.'? This was based on re-
cent observations that the intravascular cata-
bolic rate for IgG proteins of the 1, 2, and 4
subclasses varies greatly with the serum
concentration,10.14

Response to treatment was not confirmed
unless calculated myeloma protein production
had been reduced to less than 259, of the pre-
treatment value. These criteria were more
stringent than those used previously, and ac-
counted for the lower response rates in this re-
port in comparison with previous SWCCSG
studies.2* Greater reductions in myeloma pro-
tein production were required for response be-
cause less marked changes to only 25-499, of
the pretreatment value were associated with
short remissions and slight survival prolonga-
tion. These findings emphasize the value of
calculating the degree and duration of remis-
sion from changes in myeloma protein produc-
tion rate, the need for accurate typing to dis-
tinguish IgG from IgA myeloma proteins, and
the importance of inducing maximal tumor
reduction in patients with multiple myeloma.

An objective response to treatment occurred
more frequently with a melphalan-predni-
sone-procarbazine combination than with
therapy using only melphalan-prednisone.
Procarbazine was used in a combination regi-

TABLE 4. Antigenic Type of Myeloma Giobulin and
Response to Melphalan

No. responsive/evaluable (response rate
in parenthesis)

Melphalan +
Melphalan prednisone =+

alone procarbazine
(1960-1968) (1965-1971)
1gG 24/57 (42) 98/186 (53) IgG, 46/73 (63)
IgGs 9/17 (53)
IgA 13/29 (45) 34/76 (45)
Kappa only 7/11 (64) 23/30 (77)
Lambda
only 1/11(9) 16/22 (73)
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men only after clinical responses were found
in two of four previously untreated patients.!3
Such activity in myeloma from procarbazine
has also been reported by others.® Vomiting
and skin eruptions from procarbazine con-
traindicated its further use in less than 109
of treated patients. Because the superiority for
the triple-drug combination was slight in
terms of response rate, it was not surprising
that only one clinical response was seen in 20
patients with established prior resistance to
the two-drug treatment.

The low response rate from melphalan ther-
apy in myeloma patients producing only
lambda Bence Jones proteins, reported in pre-
vious SWCCSG communications,? was not
confirmed for treatment regimens associated
with high response rates. While only one of 11
patients with this type of myeloma responded
to intermittent melphalan alone, 16 of 22 re-
sponded to treatment regimens including com-
binations with prednisone and procarbazine.
These observations emphasize the superiority
of recent treatment combinations, and elimi-
nate the concept that any disease manifesta-
tion is likely to predict a response to mel-
phalan in patients with multiple myeloma. It
is conceivable that the small number of pa-
tients in the earlier series contained an unre-
presentative sample of patients resistant to
chemotherapy. Thus, these results in a larger
number of patients conform with those re-
ported by Osserman who failed to detect any
correlation between protein type and resist-
ance to melphalan treatment, 1!

The response rate and survival from inter-
mittent melphalan and prednisone in this se-
ries confirm previous results in the SWCCSG
with an identical treatment regimen used
from 1965 to 1968. Results from this combina-
tion were significantly superior to results from
intermittent melphalan alone.? Whether the
survival prolongation documented previously
for patients treated with melphalan-predni-
sone resulted mainly from the higher response
rate or from a longer remission duration in re-
sponding patients could not be determined in
the earlier study because the evaluation pe-
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riod was too short. Since median survival and
remission duration for responsive patients
were now confirmed to be similar for all treat-
ments, the higher response rate must have
been the major factor accounting for the im-
proved survival in the groups of patients re-
ceiving combination therapies. With the addi-
tion of procarbazine, a further increase in
response rate occurred without evident prolon-
gation in either median survival or remission
duration. However, more than 509, of treated
patients died without long-term disease con-
trol, particularly those who died after less
than 3 months of therapy (109,), who were
unresponsive (409,), or who responded and
had either short remissions (109,) or died from
diseases unrelated to their myeloma (109,).
Thus, one would not have expected a signifi-
cant extension of median survival, although a
group of patients with longer lifespan may be
identified from future analyses of survival
(i.e., flattening of survival curve after several
more years of evaluation). In any case, com-
bination therapy with melphalan-prednisone-
procarbazine provided a response rate superior
to that from any other treatment evaluated
by the SWCCSG in patients with multiple
myeloma.

These studies provide a perspective for de-
signing future treatments for patients with
myeloma. If all patients had responded to
treatment, their median survival time would
probably not exceed the 36 months found for
responsive patients. This figure is only about
one year longer than the 22 months found for
all patients treated with melphalan combina-
tions. Although about 509, of all patients re-
sponded to treatment, about 759, showed
some evidence of clinical improvement. Thus,
a further increase in the frequency of slight
improvement is not likely to improve long-
term control of this disease. Rather, treat-
ments should be developed that induce more
marked degrees of disease remission, prolong
the duration of remission by different remis-
sion maintenance programs that may reduce
tumor mass further, and reinduce remissions
in patients relapsing on their initial therapy.
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