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U NTIL RECENTLY the palliative effects of various cancer chemotherapeu-

tic agents in patients with multiple myeloma have been unimpressive.

Urethane was widely used, and although occasional excellent responses were

reported,’ the results have been unpredictable and there has been no increase

in survival time.2’3 Objective evidence of improvment was seen in about 10

per cent of adequately treated patients.4 Most patients were unable to tolerate

the drug in a large enough dosage for a sufficient period of time, making valid

comparative studies with well tolerated agents impracticable. Holland et al.5

tried a controlled comparative study with a placebo and failed to find evidence

of superior activity of urethane. Better therapeutic effects in myeloma have

been obtained with cyclophosphamide ( Cytoxan) ; in approximately 20 per

cent of cases good subjective and objective response has been reported.6’7

The Acute Leukemia Cooperative Group B has studied the effects of another

alkylating agent, Melphalan, (p-di (2-chloroethyl) amino-L-phenylalanine),

NSC-8806, in myelomatosis. The drug was first synthesized in 1953 by Bergel

and Stock � and consists of nitrogen mustard as the active group and an

amino-acid as a carrier. Several investigators considered the efficacy of this

drug superior to that of urethane.913 Especially important to the patient was

rapid and marked reduction in pain. In these earlier reports patients were

not followed long enough to establish unequivocally whether Melphalan pro-

longs life. In this report an account is given of the subjective and objective

responses and patient survival was determined subsequent to Melphalan

therapy.
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MATERIAL AND METHODS

Ten participating institutions of the Acute Leukemia Cooperative Group B contributed
a total of 64 cases to the study. An unequivocal diagnosis of multiple myeloma and

fulfillment of the criteria as outlined by Costa et al.” were required. The determination

of Bence Jones proteinuna was performed by urine electrophoresis. There was no exclu-

sion of patients with particular manifestations of myeloma; i.e., marked anemia and
presence of azotemia or amyloidosis did not preclude a patient from entering the study.

No special attempt was made to treat renal insufficiency before melphalan treatment was

instituted. Patients already previously treated in other ways, as well as newly-diagnosed
patients, were entered into the study consecutively during a period of 15 months. Thirty-
five patients, 4 of whom had received other prior therapy, were started on study within

3 months after diagnosis and were regarded as having early disease; the other 29 cases
were considered to be late in their disease; in 24 of these patients prior therapy had

been given.

Melphalan was given orally in all patients, starting with a loading dose of 0.15
mg./Kg./day for 7 days, followed by a rest period of at least 14 days. Maintenance

therapy was begun when both the white blood cell and platelet counts were rising from

their lowest level and was given as outlined in Table 1. Eight patients received a three-

fourths loading dose; 2 had azotemia and 6 a “cytopenia” initially. Half the loading dose
was given to 5 patients with marked azotemia and to 5 cases with either a very low
WBC or platelet count at the onset of therapy.

An adequate clinical trial was considered to consist of 12 weeks on study. Parameters

for response are outlined in Table 2. The severity of pain was graded from 0 to 4 ( none
to incapacitating ) and performance status was rated 0 for normal, 1 for ambulatory but

symptomatic, 2 for less than 50 per cent of time in bed, 3 for more than 50 per cent of

time in bed, and 4 for completely bedridden patients. Significant improvement was
regarded to be a decrease of 2 or more gradations for each separately. Because with

subjective criteria an obvious danger of bias is present, both on the part of the patient

and the treating physician, separate notice was made of the percentages of patients
returning to a normal performance and to a pain-free status. The percentage of plasma
cells in the bone marrow can vary greatly in two or more successive aspirations and in
different puncture sites; therefore, only a sustained decrease in the percentage during

the course of disease was used as a parameter for response. In the studies of Costa et al.14

a decrease of 200 or more plasma cells per 1000 nucleated marrow cells in two consecu-
tive punctures was never observed as a spontaneous occurrence. Holland et al.5 found

such a decrease in 11 per cent of placebo-treated patients. We have chosen a decrease

of 50 per cent or more in the initial percentage of plasma cells as a response criterion
only if present in 3 or more consecutive marrows with adequate cellularity. Healing of
the lytic bone lesions is a very slow process and was evaluated only in patients who
were followed for at least 3 months. Mention of a period of status quo over one year,
rare in untreated patients, was deemed worthwhile.

Response in this report is defined as (a) significant improvement of subjective mani-

festations and of at least one objective parameter, or (b) significant improvement of at
least two objective parameters and no subjective signs for over 6 months in patients
without subjective manifestations initially.

ToxICITY

Leukopenia and thrombocytopenia were seen in most patients (Figs. 1 and

2) and occurred after the loading dose on median days 22 and 23, respectively,

with a range of 1 to 6 weeks. Recovery, usually rapid, was sufficient to start

maintenance therapy after an interval ranging from 2 to 6 weeks. Severe

granulocytopenia following the loading dose contributed to the death from

bilateral pneumonia in an 80-year-old woman. In 2 instances the cytopenia
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Table 1.-Dosage Schedules

Induction

0.15 mg./Kg./day for 7 days. Followed by minimum of 2 weeks of no therapy.

Maintenance

Started when WBC and platelets were rising.
\V.B.C. or Platelets Daily Dose

>4000 >100.000 4 111g.

3-4000 75-100.000 2 fig.

2-3000 50- 75.000 1 fig.

<2000 < 50.000 0

Table 2.-Criteria for Response

Subjective:

Performance (0-4)-improvement by 2 ranks or more

Pain (0-4)-decrease by 2 ranks or more

Objective:

Marrow > 50% decrease of initial plasma cell percentage

Hemoglobin 5� 2 Gm. % increase for Hb. initially <11.0 Gm. %
Globulin 2 Gm. % decrease for Glob. initially > 4.5 Gm. %

Calcium 2 mg. % decrease for Ca. initially > 11.0 mg. %
Proteinuria 2 50% decrease of initial Gm./24 hr. excretion

Skeleton recalcification

became permanent; in all others there was a subsequent rise to pretreatment

levels or higher. “Cytopenia” necessitated temporary interruption of main-

tenance treatment in 23 patients. Although patients with initial leukopenia

or thrombocytopenia had a greater tendency to show subsequent bone marrow

depression, this did not constitute a contraindication for starting Melphalan

treatment. Sometimes, after a full loading dose, the count did not drop ( in 7

of 26 cases with initial leukopenia ) or rose significantly ( in 4 of 12 cases

with initial platelet counts of less than 100,000/cu. mm.).

Other indications of toxicity consisted of nausea and vomiting following

the loading dose in 3 cases, pruritis in 4, and maculopapular skin rash in one.

In none of these cases did these symptoms prevent reinstitution of therapy.

RESULTS ( TABLE 3)

To obtain the best results it was evident that doses of drug were required

which produced significant leukopenia and/or thrombocytopenia during main-

tenance therapy. This was especially true for the degree of thrombocytopenia.

The objective response rate in patients whose platelet count dropped to less

than 50,000/ cii. mm. during therapy was more than twice as great as the rate

for patients whose count never was below 50,000 ( p. < .02 ) . The maintenance

dose varied for most patients, and initially a close follow-up was required to

establish that dose which fulfilled the requirement of causing tolerated levels

of bone marrow depression and which at the same time was not so toxic

that therapy has to be repeatedly interrupted. Once this dose was established,

the follow-up visits were at monthly intervals in most cases.
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Fig. 1.-WBC at the start of the study, the nadir after the induction dose, the
subsequent recovery counts, and the lowest count for each patient during main-
tenance therapy.

The most striking effect of Melphalan was the rapid decrease in bone pain,

which was seen in 30 of the 39 patients who had significant pain. This was a

progressive improvement in most patients, so that after an initial fast response

the maximal effect was obtained after an average of 10 weeks of therapy.

Of the 47 cases with an initial marked decrease in performance status, treat-

ment for 2 months or longer resulted in improvement in 27 (57 per cent).

Return to normal performance was noticed in 44 per cent of previously dis-

abled patients, while of the patients with initial pain 68 per cent became

pain-free. Two-thirds of the patients had a decrease of at least 50 per cent

of the initial percentage of plasma cells in the bone marrow, and in 40 per

cent of the cases long-term therapy resulted in a decrease to less than 10 per

cent marrow plasma cells.

One third of the patients with anemia experienced a hemoglobin rise of

2 Gm. per cent or more. Two of these patients had a rise greater than 4 Gm.

per cent to near normal levels. In 4 of 11 patients who needed repeated trans-

fusions, this requirement was eliminated during Meiphalan therapy. The

initial mean percentage of plasma cells in the bone marrow of anemic patients
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Fig. 2.-Platelet counts at the start of the study, the nadir after the induction
dose, the subsequent recovery counts, and the lowest count for each patient during
maintenance therapy.

responding to therapy with a rise in hemoglobin was 68 and their mean

during therapy was reduced to 10, as compared with means of 45 and 15,

respectively, for all patients and means of 44 and 30, respectively, for those

anemic patients who did not respond.

Serum electrophoresis by paper or cellulose acetate technic demonstrated

a myeloma protein in 82 per cent of the patients. Of 40 patients with an initial

serum globulin level above 4.5 Gm. per cent, 45 per cent had a decrease of

2 Gm. per cent or more. Although the changes can be marked, complete

disappearance of myeloma peaks occurred in only a few cases. Eleven patients

had initial serum globulin values of 3.0 Gm. per cent or less, nine of whom

had marked proteinuria. Eight died during therapy with a mean survival of

11.5 months, while the other three were alive at 24, 35, and 46 months,

respectively. Although not regarded as a parameter for response, there was

an increase in serum albumin in the majority of patients, the mean values

before and during therapy being 3.1 and 3.6 Gm. per cent, respectively.

Less impressive was the result of therapy on the skeletal lesions as observed

by x-ray examinations. Actual regression was seen in only three patients, while

in two others regression and progression of lytic lesions took place simul-
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Table 3.-Response to Mel phalan Therapy (in the Patients in Whom

the Response Parameter is Applicable)

No. of

Patients

Res

Number

ponders

Per Cent

No. of

Patients

-- Respo

Number

nders

Per Cent

Subjective 52 37 71 Bone Marrow 37 23 62

Pain 39 30 77 (68) Hemoglobin 40 13 33

Performance 47 27 57 (44) Serum Globulin 4() 18 45

Objective 64 50 78 Serum Calcium 5 4 80

Subjective & Objective 52

Subjective and/or Objective 64

33

55

62

86

Proteinuria

Masses

22

4

16

4
73

100

( ) = Per cent patients pain-free or with normal performance.

taneously. Of the patients with lytic lesions initially, 37 were on Melphalan

for over one year; of these a status quo was observed in 14, while in 18 definite

progression took place despite other evidence of benefit from the drug treat-

ment. There were 7 fractures and 3 collapsed vertebrae during the study

occurring equally in responders and nonresponders. A decrease in size of soft

tissue masses took place in the 4 patients with such involvement.

The only other therapy given to some patients while on study consisted

of corticosteroids and radiation therapy. Prednisone was given early during

their on-study period (less than 3 months) to 9 patients, all of whom had

azotemia. Of these, 3 died within 3 months, 4 showed no change in their

clinical status, and 2 had partial improvement. Three patients on study for

over half a year developed hypercalcemia for which corticosteroid therapy

was given; these patients died within 2 months after developing the hyper-

calcemia. Radiation therapy was given to 6 patients within the first 3 months

of their on-study period. All 6 cases had extensive disease initially and did

not respond to Meiphalan treatment.

SURVIVAL

When this study was initiated, 29 patients who may have been treated in

other ways but who were still alive in the contributing hospitals, were started

on Melphalan therapy, even though at a time relatively late in the course of

their disease. The other 35 patients were started shortly after diagnosis. Thus,

among the 64 study patients Melphalan was begun at various postdiagnosis

times. Adding the pre-Melphalan survival experience would create a bias

favoring the Melphalan treatment. Therefore, we determined survival based

only on survival experience after Melphalan therapy was started. All survival

data were compiled through life table analysis.

More than half ( 52 per cent ) of the patients showed positive Bence Jones

proteinuria, 60 per cent of males and 42 per cent of females. Survival was

tested for females and males, either Bence Jones positive or negative; neither

of these factors nor any combination of them produced any appreciable dif-

ference. The response rate and survival were also determined in relation to

late and early disease and found to be of no significant difference. The 50 per

cent survival time of all patients, after their start on Melphalan therapy, was

23 months.
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Of the 64 study patients, 53 were alive and on study for at least 3 months,

the time believed necessary for drug effect. Each of these 53 patients was

evaluated for response on day 90 of their study period. There were 29 re-

sponders and 24 nonresponders, and as shown in Figure 3 the survival of

responders was significantly superior to that of nonresponders ( p < .05 ) . Since

death rates may also be related to the length of time that a patient has spent

in a diseased condition, it is of interest to compare at corresponding post-

diagnostic time intervals the estimated death rates for responders and non-

responders ( Table 4 ) . In the first 3 time intervals the death rate, expressed

as deaths per 100 patient-months, was about twice as great for non-responders

as for responders; however, in the last interval this survival advantage for the

responders no longer persists.

DlsctrssloN

For myeloma patients the effect of Melphalan therapy on pain and per-

formance is a most important aspect. If the assumption that pain is caused

by pressure of expanding plasma cell tumors is correct, then rapid disappear-

ance of pain can be explained by decrease in tumor size.12 Indication of this

is given by the near-identity of the days on which soft tissue masses decreased

in size, marrow plasma cell percentage dropped and pain diminished. With

the disappearance of pain the performance status improved in most patients;

44 per cent were able to function normally again. Gradual return of symptoms

indicated either resistance to further therapy or a dosage which was too low.

Sudden return of pain, however, especially of extremities, frequently meant

that a fracture had occurred.

The lack of healing of skeletal lesions was disappointing. Our overall experi-

ence with the x-ray changes are similar to those reported by Waldenstr#{246}m.12

Some patients had progression of bone lesions despite treatment for a long

time and despite significant subjective and objective response. It is not clear

whether this progression was due to continued myeloma growth or to bone

atrophy preconditioned by local myeloma lesions before their chemothera-

peutic control. This poor experience justifies attempts to augment remineraliza-

tion of the skeleton by combining Melphalan and sodium fluoride. Therapeutic

induction of fluorosis has been reported with this combination.15

Although the often-present severe anemia is notoriously resistant to therapy,

we found a rise in the hemoglobin of at least 2 Gm. per cent in one-third of

anemic patients (Table 3), while in 4 others the transfusion requirement was

eliminated. It seems likely that this rise in hemoglobin is a result of marked

improvement in the bone marrow status.

Different methods of analysis and reporting make it impossible to compare

the influence of Melphalan on the protein abnormalities in this study with

results of others. Nevertheless, good responses are reported by all investiga-

tors,9�’3 and the decrease of 2 Gm. per cent or more in serum globulin, as was

seen in 45 per cent of our patients with an initial sufficiently elevated serum

globulin (Table 3), is certainly better than that seen with another alkylating

agent, Cytoxan, for which Rivers et al.#{176}reported such a decrease in 3 of 29

cases.
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Table 4.-Deaths and Death Rates of Meiphalan Responders and

Nonresponders in Comparable Postdiagnostic Time Intervals

29 Responders 24 Responders
Deaths Deaths

Post Diagnostic No. of Per 100 No. of Patient

Time Interval No. of Patient Patient No. of Patient Months
(months) Deaths Months Months Deaths Months Per 100

3-10 2 200 1.00 5 144 3.47

11-20 4 242 1.65 5 143 3.50

21-30 3 209 1.44 4 102 3.92

31-75 8 235 3.40 3 139 2.16
3-75 17(9) 889 1.92 17(3) 528 3.22

Number of pa tients in each group remai ning for follow-up.

No doubt many of the patients with marked proteinuria had myeloma

kidneys, reflected in azotemia. Although azotemia is no contraindication for

Melphalan therapy, caution should be taken during the first week of intensive

therapy even in the mildly azotemic patients, because temporary significant

increases of BUN or NPN were noticed. Patients with Bence Jones pro-

teinuna have been reported to have a poorer prognosis than those without.12

In this study a decrease in excretion of Bence Jones protein was found in

most patients with significant proteinuria, and their survival was as good as

that of patients without proteinuria. No difference in survival of male and

female patients was found, which is contrary to the poorer prognosis for male

patients previously reported.12

Does Melphalan prolong life? Without Meiphalan 50 per cent survivals of

8.5 and 7 months from time of diagnosis were reported by the Midwest Co-

operative Chemotherapy Group,2 and Osgood,3 respectively. Compared to this

the 50 per cent survival time of 23 months, calculated from the start of

Melphalan therapy, for the study cases is favorable. Of the 53 patients on

study for at least 3 months, the responders showed a significantly superior

survival as compared to the nonresponders ( Fig. 3 ) . It may therefore be

important to continue Melphalan therapy, especially in those patients who

have responded after 3 months of therapy.

As with any new chemotherapeutic agent, it takes time and experience to

determine the optimal dose and dose schedule. The fact that 7 patients died

within 3 months indicates the need for establishing the best supportive therapy

as adjuncts of Melphalan treatment. Studies to this effect have been started

by the Acute Leukemia Cooperative Group B.

SUMMARY

1. A group of 64 myeloma patients was given a loading dose of Melphalan,

0.15 mg./Kg./Dx7. This was followed by a rest period to allow bone marrow

recovery to occur, after which maintenance therapy with a maximum of 0.05

mg./Kg./D was started.

2. To obtain good results, drug doses were required which produced signifi-

cant bone marrow depression.
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Fig. 3.-Survival from end of 3 months of Melphalan therapy. Comparison of
responders and nonresponders. ( ) Number of patients.

3. Subjective improvement was noticed in about 65 per cent of patients;

objective improvement, in 78 per cent.

4. Fifty-five per cent of the patients had a response as defined in this study.

5. No difference in survival was found between males and females, nor

between patients with Bence Jones proteinuria and those without.

6. Patients who have been on treatment for 3 months and were then found

to be responders lived longer than similarly treated patients classified as non-

responders.

SUMMARIO IN INTERLINGUA

1. Un gruppo (iC 64 patientes con myeloma recipeva doses de cargation de Melphalan,

i.e., 0.15 mg/kg/Dx7. Isto esseva sequite de un periodo de reposo, permittente le restabli-

mento del medulla ossee, e postea le therapia de mantenentia esseva initiate con un

maximo de 0,05 mg/kg/D.
2. Pro obtener hon resultatos, doses del pharmaco esseva requirite le quales produceva

un significative depression del medulla ossee.

3. Melioration subjective esseva recognoscite in circa 65 pro cento del patientes.
Melioration objective esseva presente in 78 pro cento.

4. Un responsa positive, secundo le definition presentate in iste communication, oc-

curreva in 55 pro cento del casos.

5. Nulle differentia in le superviventia esseva trovate inter masculos e femininas e nulle

inter patientes con e illes sin proteinuria de Bence Jones.
6. Patientes recognoscite como “responsores” post tres menses de tractamento viveva plus

longemente que patientes similemente tractate sed non classificate como “responsores.”
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