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in about 50 percent of myeloma 
patients (1). The Myeloma Section of 
the Southwest Cancer Chemotherapy 
Study Group has analyzed (2) the re- 
sponses of 132 myeloma patients treated 
with this drug. None of the following 
features correlated significantly with 
the response to therapy; age; sex; race; 
the interval between the onset of symp- 
toms and initiation of melphalan 
therapy; the morphological classifica- 
tion of the predominant marrow plasma 
cell as mature, immature, or blast; or 
the presence or absence of Bence Jones 
protein (BJP) in the urine. However, 
objective improvement was more fre- 
quent in patients producing myeloma 
proteins containing kappa (K) L-chains 
(3) than in those with lambda (X) L- 
chains (p < .01). It is our purpose to 
compare two groups of myeloma pa- 
tients divided on the basis of the anti- 
genic type of L-chain contained in the 
myeloma protein (54K, 37X), to show 
the similarity of the two groups with 
respect to their status prior to therapy 
and the melphalan-induced leukopenia, 
and to show the marked difference in 
the incidence of objective improvement 
resulting from melphalan therapy. 

Proteins produced by malignant 
plasma cells may be classified on the 
basis of structural and antigenic prop- 
erties (4). The reduction of disulfide 
linkages with mercaptans and subse- 
quent alkylation of the free -SH groups 
splits y-globulin into L (light) and H 
(heavy) polypeptide chains. The BJP's 
present in the urine of some myeloma 
patients contain only L-chains with K 

or X antigenic determinants. Myeloma 
serum proteins combine one or the 
other type of L-chain with a gamma 
(y) or an alpha (a) H-chain. The 
antigenic properties and structural fea- 
tures of the myeloma protein are stable, 
heritable characteristics of the plasma- 
cell tumor clone (5). Since the struc- 
tural and antigenic properties of a mye- 
loma protein are determined by the type 
of plasma cell affected by the malignant 
transformation, classifying patients 
with myeloma by the type of myeloma 
protein would yield a homogeneous 
grouping of patients for comparison of 
the clinical response to melphalan 
therapy. 

All the available serum and urinary 
proteins of myeloma patients treated 
with melphalan were typed by im- 

in about 50 percent of myeloma 
patients (1). The Myeloma Section of 
the Southwest Cancer Chemotherapy 
Study Group has analyzed (2) the re- 
sponses of 132 myeloma patients treated 
with this drug. None of the following 
features correlated significantly with 
the response to therapy; age; sex; race; 
the interval between the onset of symp- 
toms and initiation of melphalan 
therapy; the morphological classifica- 
tion of the predominant marrow plasma 
cell as mature, immature, or blast; or 
the presence or absence of Bence Jones 
protein (BJP) in the urine. However, 
objective improvement was more fre- 
quent in patients producing myeloma 
proteins containing kappa (K) L-chains 
(3) than in those with lambda (X) L- 
chains (p < .01). It is our purpose to 
compare two groups of myeloma pa- 
tients divided on the basis of the anti- 
genic type of L-chain contained in the 
myeloma protein (54K, 37X), to show 
the similarity of the two groups with 
respect to their status prior to therapy 
and the melphalan-induced leukopenia, 
and to show the marked difference in 
the incidence of objective improvement 
resulting from melphalan therapy. 

Proteins produced by malignant 
plasma cells may be classified on the 
basis of structural and antigenic prop- 
erties (4). The reduction of disulfide 
linkages with mercaptans and subse- 
quent alkylation of the free -SH groups 
splits y-globulin into L (light) and H 
(heavy) polypeptide chains. The BJP's 
present in the urine of some myeloma 
patients contain only L-chains with K 

or X antigenic determinants. Myeloma 
serum proteins combine one or the 
other type of L-chain with a gamma 
(y) or an alpha (a) H-chain. The 
antigenic properties and structural fea- 
tures of the myeloma protein are stable, 
heritable characteristics of the plasma- 
cell tumor clone (5). Since the struc- 
tural and antigenic properties of a mye- 
loma protein are determined by the type 
of plasma cell affected by the malignant 
transformation, classifying patients 
with myeloma by the type of myeloma 
protein would yield a homogeneous 
grouping of patients for comparison of 
the clinical response to melphalan 
therapy. 

All the available serum and urinary 
proteins of myeloma patients treated 
with melphalan were typed by im- 
munoelectrophoresis with rabbit or goat 
antiserums to y2-globulin (IgG) and 

y7A-globulin (IgA) and rabbit anti- 

munoelectrophoresis with rabbit or goat 
antiserums to y2-globulin (IgG) and 

y7A-globulin (IgA) and rabbit anti- 

serums to K- and X-BJP (3). In all the 
patients with myeloma proteins in both 
serum and urine, the antigenic type of 
L-chain in the serum protein was identi- 
cal with that of the BJP. The IgG mye- 
lomas (6) were considered as one group. 
The records of the patients were re- 
viewed to establish the status before 
treatment, the toxic effects of melphalan 
on leukocytes, and the occurrence of 
objective improvement (7). 

Patients were classified as being ob- 
jectively improved (responders) by the 
melphalan therapy if one or more of 
the following criteria were satisfied: 
(i) a decrease in the myeloma serum 
protein to 50 percent, or less, of the 
value before study; (ii) a decrease in 
the amount of urinary protein excreted 
per 24 hours to 50 percent, or less, of 
the value prior to study; (iii) an in- 
crease of 2.0 g percent, or more, in 
hemoglobin; (iv) shrinkage of palpable 
plasmacytomas of 50 percent or more; 
and (v) decrease in serum calcium 
from more than 6.0 to 5.0 meq/lit. 
or less. 

The foregoing criteria were selected 
arbitrarily, but with the belief that the 
changes are probably clinically signi- 
ficant. The effect of melphalan therapy 
was not evaluated if the changes in the 
myeloma proteins in serum or urine 
were not determined, or if the patient 
died or was otherwise lost in less than 
3 weeks. 

Two different dosages of melphalan 
were used. Initially 0.2 mg/kg per day 
(schedule A) was administered until 
the leukocyte count fell below 3000/ 
mm3, or platelets fell below 100,000/ 
mm3. Because this dosage frequently 
caused severe leukopenia, we admin- 
istered a dose of 0.5 to 2.0 mg/kg (in 
accordance with the patient's toler- 
ance) over a 4-day period (schedule 
B). Doses causing moderate leuko- 
penia were repeated as the marrow 
recovered, 6 to 10 weeks later. 

Most of the patients were treated 
with schedule B, and all patients started 
on melphalan have continued to receive 
repeated courses of the drug at 6- to 
10-week intervals (Table 1). 

The better responses in the patients 
having K L-chains in the myeloma pro- 
tein were primarily due to the fact that 
all patients producing only a K-BJP 
were objectively improved, whereas all 
those producing only a X-BJP failed to 
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Table 1. Relation of clinical response to the 
type of H- and L-chain of the myeloma pro- 
tein (ns, not significant). 

L-chain (responders/total 
H-chain evaluated) 

Kappa (K) Lambda (X) 

Gamma ('y) 19/31 7/17 
Alpha (a) 3/8 2/9 
BJP only 11/11 0/9 
Not evaluated 3 2 

Comparison X2 P 

All Kvs. allX 13.39 <.01 
K BJP vs. other K 7.14 <.01 
X BJP vs. other X 4.15 <.05 
All Y vs. all a 3.07 ns 
72 2 VS. 72 X2 1.78 ns 

BJP only vs. 7 + a 0.32 ns 
a2 K2 VS. a2 X2 0.18 ns 

and the comparison of a2 K2- with a2 A2- 
were not significant. The response of 
patients producing only a K-BJP was 
significantly better than that of patients 
producing K L-chains linked to a 7 or 
a-H-chain (p < .01), whereas, in the 
X group, responders were significantly 
less frequent among patients producing 
only a BJP (p < .05). The differences 
noted in the other comparisons were 
not significant. 

On the basis of the response to mel- 
phalan, the patients divide into the 
three groups shown with the estimates 
of their survival in Table 2. The dif- 
ferences are significant (t test) for the 
comparison of the survival of the non- 
responders with the intermediate group 
(from onset of symptoms, p < .02; 
from diagnosis, p < .01; from start of 
melphalan, p < .05). With the sample 
size available for comparing the sur- 

Table 2. Median survival (in months) of 
myeloma patients treated with melphalan. 
"Median" is the geometric mean, estimated 
by the maximum likelihood fitting to a log- 
normal distribution (8); figures in paren- 
theses represent the 95-percent confidence 
interval of the geometric mean. 

Responders Intermediate Non- 

(K BJP only) responders 
a2 K2, a2 X25 (X BJP only) 

From onset of symptoms 
68 (43-109) 55 (45-67) 23 (18-31) 

From diagnosis 
57 (31-105) 48 (37-61) 18 (14-23) 

From start of treatment 
48 (20-111) 36 (28-46) 12 (8-17) 

Number dead/total number in group 
4/12 25/70 6/9 

vival of the responders and nonrespond- 
ers, the differences are not significant, 
although for the survival from the on- 
set of symptoms the difference is close 
to being significant at p < .05. There 
are no significant differences between 
survivals of the responder and inter- 
mediate groups. Since less than 50 per- 
cent of the patients are dead in the 
responder and intermediate groups, 
these estimates of survival are unstable, 
and, in view of the small sample size 
of the responder and nonresponder 
groups, these estimates of survival 
should not be interpreted as being well 
established. 

Prior to melphalan therapy, patients 
producing myeloma proteins with K-L- 
chains did not differ significantly from 
those with myeloma proteins containing 
X-L-chains with respect to age, sex, race, 
the interval between the onset of symp- 
toms and the start of melphalan therapy, 
the hemoglobin concentration, the inci- 
dence of hypercalcemia, or the incidence 
of renal insufficiency. These same com- 
parisons were also made for the group 
of patients producing only BJP's, and 
no significant differences were demon- 
strated. 

Melphalan-induced leukopenia was 
compared in four ways in the two 
groups of patients. There were no 
significant differences between the two 
groups in respect to the total dose re- 
quired to produce leukopenia with 
schedule A or B, the interval between 
the onset of therapy and the day on 
which the lowest leukocyte count was 
observed, the dose rate for the total 
period of observation, or the effect of 
1.0 mg/kg in 4 days on the leuko- 
cyte response. In addition, no differ- 
ence was demonstrated in the severity 
of leukopenia in patients producing 
only K- or X-BJP. 

Thus, the group of patients produc- 
ing K-L-chains was similar to those pro- 
ducing X-L-chains with respect to the 
status prior to melphalan and the mel- 
phalan-induced leukopenia. 

If some extracellular factor were 
acting to make the melphalan more 
toxic and potent in myeloma patients 
producing K-L-chains, one would also 
expect to encounter more severe leu- 
kopenia in these patients. Or, if the 
plasma cells in patients producing X-L- 
chains were protected from the action 
of melphalan by some extracellular 
factor, such as the myeloma protein, 
which might inactivate the alkylating 
agent by reacting with it, one would 
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expect to observe less severe leuko- 
penia in these patients. However, there 
was no significant difference in the 
melphalan-induced leukopenia of mye- 
loma patients producing K- and X-L- 
chains, and thus the higher incidence 
of melphalan responses in K- patients 
probably cannot be explained by an 
extracellular factor. 

The observations reported herein 
suggest that plasma-cell differentiation 
which allows the synthesis of only 
K-BJP's permits the full expression of 
the factor or factors which determine 
melphalan responsiveness. The factors 
are not expressed in plasma-cell tumors 
producing only X-BJP, and are ex- 
pressed in only half the tumors pro- 
ducing the other kinds of myeloma 
proteins. The concept that tumor-cell 
differentiation may influence the re- 
sponse to chemotherapy needs to be 
explored further, and should be con- 
sidered in future therapeutic trials in 
myeloma. 
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