
Eur J Canwr Clm Oncol, Vol IX. No I. pp. 59-66, 1982. 0277-5379:H2~010050-OX$03.00/0 

Primed in Great Rnuin. @ 19x2 Perpmon Prev IAd. 

Serum Beta-%microglobulin in Multiple 
Myeloma: Relation to Presenting Features 
and Clinical Status 

Rl?GIS BATAILLE,*t MICHEL MAGUB, * JEAN GRENIER,f DANIEL DONNADIOS 
and JACQUES SANY’ 

*Service de consultation de Rhumatologie Sociale (Pr Ag J. Sany), Centre Gui-de-Chauliac, HBpital Saint-Eloi, 
34059 Montpellier Cedex, France 

fLaboratoire de Radioanalyse, C.R.L.C. Centre Paul Lamarque, 34033 Montpellier Cedex, France 
$jService des Maladies du Sang, H6pital Saint-Eloi, 34059 Montpellier Cedex, France 

Abstract-Serum beta-2-microglobulin (B2m) levels were measured in 78 patients 
with multiple myeloma (MM) and were compared with values for normal individuals 
and patients with benign monoclonal gammopathies (BMG). Serum B2m levels and 
values corrected for renal function were significantly higher in patients with MM at time of 
diagnosis than in normal individuals (P < 0.001) and were highly correlated with the 
total body burden of myeloma cells as derived from the staging system of Durie and 
Salmon. However there were no significant diferences between values for BMG and 
low-mass MM. For patients evaluated following induction chemotherapy, there was also 
a clear correlation between serum B2m levels and the magnitude of tumor regression or 
progression (P < 0.05). During the plateau-phase, serum B2m levels remained very 
stable and highly correlated with the residual tumor mass (P < 0.001). It was concluded 
that (1) B2m was not a reliable marker to distinguish between BMG and low-mass 
MM and (2) B2m was a valuable marker for assessing initial tumor mass of patients 
with MM and response to chemotherapy (especially the plateau-phase), above all in 
patients with urine or low-serum monoclonal component levels. 

INTRODUCTION 

BEXA-2.MICR~CLOBLJLIN (B2m) is a low mOkCUktr 

weight protein (MW: 11,800) synthetized by all 
nucleated cells and originally isolated from 
human urine [l]. Its structure is similar to that 
of constant region of immunoglobulin mole 
cules; B2m is, in fact, the light chain of histo- 
compatibility antigens present on the mem- 
branes of most cells [2]. Serum B2m is the free 
form of B2m [3]. Serum B2m levels have been 
shown to vary within a narrow range in normal 
individuals [4]. Increased levels have been 
associated with age [5]. The kidneys appear to 
play a central role in the catabolism of B2m 
and high serum B2m levels have been reported 
in patients with renal disease [6]. Increased 
serum B2m levels have been reported in a 
variety of malignant diseases [5, 7-91, most 
notably in multiple myeloma (MM) [7-151. 
Within the plasma cell dyscrasias (PCD), yerum 
B2m appears to be a useful marker both for 
the diagnosis of malignant PCD [12] and for 
prediction of prognosis in patients with MM, 
this latter feature being due to its relationship 
to tumor mass [12-141. However, some dis- 
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crepancy exists, probably explained by 
differences between age, renal status and 
tumor mass of studied patients. 

The goal of our current and prospective 
study was to more fully evaluate the relation- 
ships between B2m and the main presenting 
features and clinical status of 78 patients with 
documented MM. Based upon our own and 
previously published data, we conclude that 
B2m can be a very useful marker for routine 
monitoring of MM, especially in patients who 
lack easily measurable serum monoclonal (M) 
components. 

MATERIALS AND METHODS 

Patients 
Serum B2m levels were measured in 78 

patients with MM, using the diagnostic criteria 
of the Southwest Oncology Group [16]. The 
mean age (years) was 62.5 t 10.5 and the sex 
ratio M/F: 0.90. Fifty-three per cent of patients 
had IgG myeloma, 27% IgA and 18% pure 
Bence-Jones. Furthermore, one patient has 
IgD myeloma (1%) and one had non-secretory 
myeloma (1%). Sixty-eight per cent had kappa 
subtype and 32% lambda light chain subtype. 
Hypercalcemia (defined as adjusted serum cal- 
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cium levels 2 2.625 mmol/l [17] was noted in 
24% of cases. According to the clinical staging 
system of Durie and Salmon [18], 18% of 
patients had normal creatinine levels (defined 
as levels c 107 pmol/l in males and s 99 pmol/l 
in females) and 23% abnormal levels. Only 
6% of our patients had serum creatinine levels 
2 150 Fmol/l (i.e., stage B [18]). 

Fifty-four patients (70%) were studied both 
at the time of diagnosis and at various intervals 
during induction chemotherapy. These 
patients were classified according to the prog- 
nostic staging recently published by Merlini et 
al. [19]. Bone-marrow acid phosphatase stain- 
ing of myeloma cells was performed in 30 out 
of these 54 patients at the time of presentation, 
according to the method of Barka and Ander- 
son [20]. Twenty-four patients (30%) were stu- 
died only at the time of primary induction 
chemotherapy failure, of remission and/or 
relapse. At initial staging, the total body 
myeloma cell mass (T.B.M.C.) was assessed in 
each IgG and IgA myeloma according to the 
programs of Salmon and Wampler [21]. Tumor 
cell mass changes were assessed according to 
the programs of Salmon and Wampler for 
IgG/IgA myeloma [21] (considering changes in 
body weight, [“‘I]-albumin plasma volume and 
serum monoclonal IgGiIgA rates). 

Response to chemotherapy was defined as 
a > 50% regression in the T.B.M.C. and 
relapse as a > 50% increase in myeloma cell 
mass [18]. In responsive patients the plateau 
was defined as a 2 6 months steady-state phase 
without any significant changes in TBMC [22]. 

Patients were treated every 4-6 weeks with 
intermittent courses of a combination of cycle 
non-specific drugs (Melphalan, cyclo- 
phosphamide) plus prednisone with or without 
Vincristine, as previously described [23, 241. 

Serum B2m levels were simultaneously 
assessed in 37 normal individuals and in 8 
patients* with ‘benign’ monoclonal gam- 
mopathy, 6 of IgG type and 2 of IgA type. 
These asymptomatic patients were selected on 
the following criteria: (1) low and stable mono- 
clonal protein levels (follow-up > 2 years); (2) 
bone-marrow plasmacytosis < 10% without 
atypical plasma cells; (3) normal plasma-cell 
bone marrow acid phosphatase staining [25]; 
(4) absence of urine monoclonal component 
(‘Bence-Jones protein’) and of reduced levels of 
normal serum immunoglobulins [ 161. 

Methods 
Serum levels were measured by a radioim- 

*Including 16 serial radioimmunoassay of serum B2m. 

munoassay method, using the ‘PHADEBAS 
B2-micro-test’ (Pharmacia diagnostics, Uppsala, 
Sweden). Although the diffusion compartment 
of B2m was 2 to 4-fold larger than plasma 
volume [26] we evaluated a total serum B2m 
according to the following formula: SB2m x 

[“‘I]-albumin plasma volume (results being given 
in mg per patient). Because the interpretation 
of high serum B2m levels was influenced by the 
frequent renal deficiency of the myeloma 
patients (23% in the current study), we used the 
measured B2m (M) to calculated B2m (CTD) 
ratio (B2m M/CTD ratio). As opposed to the 
measured B2m, the calculated B2m was 
derived from the creatinine value, as previously 
described by Cassuto et al. [12], using the fol- 
lowing formula: 

log, B2m (pg/ml) = 3.834 - 5.96 Y + 2.94 Y* 

- 0.476 Y3 + 0.0252 Y4 

where Y = log, serum creatinine (mg/ml) 
(r = 0.9849). 

For statistical analysis, we used the Wilcoxon 
test and Student’s t test. Bivariate analyses ( = 
linear correlation) were performed with the 
Pearson correlation coefficient. 

For MM, statistical analyses of uncorrected 
serum B2m values were carried out only for 
patients with normal creatinine levels (see 
Patients section). On the other hand, statistical 
analysis of B2m M/CTD ratios was carried out 
for all the myeloma patients. 

RESULTS 
Serum beta-2-microglobulin (B 2m) and measured 
B2m (M) to calculated B2m (CTD) ratios (B2m 
MICTD ratios) in myeloma patients (MM): com- 
parison with normal individuals and benign mono- 
clonal gammopathies (B MG) 

As illustrated in Table 1, the individual 
values of serum B2m and B2m M/CTD ratios 
were significantly higher in patients with MM 
than in normal individuals and in patients with 
BMG (P <O.OOl). These results are in 
agreement with previous reports, including 
that of Cassuto et al. [12]. In spite of this 
significant difference, normal serum B2m 
values were observed in 29% of myeloma 
patients, including 60% of low-mass myelomas. 
Therefore, in order to more thoroughly in- 
vestigate the real discriminative interest of 
serum B2m in the differential diagnosis of 
benign and malignant PCD, we compared the 
serum B2m values of patients with BMG and of 
patients with only low-mass MM. As shown in 
Table 2, no difference was found between these 
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Table 1. Comfiarison of serum B2M in normal individuals, patients with benign monoclonal 
gamm@athies (BMG) and untreated multiple myeloma (MM) 

Clinical status (No. of evaluable Serum B2M @g/ml): mean Serum B2M MKTD ratio: mean 

normal individuals and patients) values values + SD. (median values) 
-+ SD. (median values) 

Normal individuals 
(n = 37) 1.6420.40 (1.6) 1.03 ” 0.31 (0.95) 

Benign monoclonal gam- 
mopathies 

(n = 8) 

Untreated multiple ‘myeloma 
(n = 54) 

2.312 0.52 (1.7)* 0.94 f 0.19 (0.85)* 

4.34 + 2.79 (s.l)t 2.05 -c 1.22 (2)t 

*Not significantly different to normal individuals. 
$Significantly different to normal individuals (P < 0.001). 

Table 2. Comparison of serum B2M in normal individuals, patients with benign monoclonal 
gammdathies (BMG) and patients with untreated low mass multifile mveloma (MM) 

Clinical status (No. of Age (years): mean Serum B2M @g/ml) Serum B2M M/CTD 
evaluable controls and values mean ratios: 

patients) t S.D. (median age) values ? S.D. (median mean values 2 S.D. 
values) (median values) 

Normal individuals 
(n = 37) 60.8 + 8.9 (58) 1.64kO.40 (1.6) 1.03 r 0.31 (0.95) 

Benign monoclonal 
gammopathies (n = 8) 61.7 + lO’(57) 2.31 k 0.52* (2.1) 0.94 + 0.19* (0.85) 

Untreated low mass 
myelomas (n = 9) 55.89 2 17.52* (50) 2.09 * 0.74* (1.9) 1.10?0.26+ (1.1) 

*Not significantly different to normal individuals. 

two groups. It was concluded that if high 
serum B2m levels were in favor of a malignant 
PCD, normal levels did not exclude the diag- 
nosis of myeloma at all. 

Serum beta-2-microglobulin (B2m); total serum 
beta-2-microglobulin (TB2m) and measured B2m 
(M) to calculated B2m (CTD) ratios (B2m 
MICTD ratios) in myeloma patients (MM): rela- 
tion to presenting features 

As shown in Tables 3, 4 and 5, serum B2m, 
TB2m and B2m M/CTD ratios were related to 
hemoglobin level, serum calcium and M- 
component G or A levels, to the extent of lytic 
bone lesions and initial staging. Finally, a 
strong positive correlation was found with the 
myeloma cell mass (P <O.OOl), the highest 
values of B2m being observed in patients with 
high tumor mass (i.e., stage III). Furthermore, 
an inverse correlation was found between B2m 
and polyclonal immunoglobulin M levels 

measured by nephelometry in IgG, IgA and 
pure Bence-Jones myelomas (P < 0.05). This 
was expected considering that polyclonal IgM 
levels were directly related to myeloma cell 
mass, the lowest values being observed in 
patients with the highest tumor mass (P < 0.01). 
These data are in agreement with previous 
reports, including the recent report of Pruzanski 
et al. [27]. 

A further and more detailed investigation 
revealed that after correction for the myeloma 
cell mass, relationship between serum B2m 
levels and M-components levels IgG or IgA was 
not significant any more. Furthermore, no 
difference in serum B2m levels was found be- 
tween IgG, IgA and Bence-Jones types and 
between kappa and lambda light chain sub- 
types. These data are in agreement with pre- 
vious studies of B2m production in vitro by 
human myeloma cell lines [28, 291. In these 
studies no correlation between the capacity to 
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Table 3. Bivariate analysis between serum B2M and presenting features of patients with 
multiple myeloma (MM) 

Bivariate analysis: 
Pearson correlation 
coefficient (No. of 
patientsf) 

Serum B2M levels+ T B2M levels B2M M/CTD ratios1 

Hemoglobin (n = 40) 

Serum calcium (n = 40) 

-0.64+** -0.5L?*** -0.38** 

0.36* 0.31NS 0.21NS 

IgC/IgA monoclonal 
protein (n = 33) 

T.B.M.C.6 fn = 33) 

0.54*+= 0.51+* 0.33** 

0.61*‘* 0.541’ 0.41*+ 

TPatients with normal creatinine levels (see Patients and Methods section). 
$A11 patients. 
§Total body myeloma cell mass (see Patients and Methods section and references [la, 211). 
Significant to *P < 0.05; l *P < 0.01; l **P < 0.001; NS: not significant. 

Table 4. Relation of serum B2M to the extent of lytic bone lesions in patients with multiple 
myeloma (MM) at time of firesentation 

Graded bone lesions? 
(No. of patients)f 

Serum B2M (pg/ml): T B2M (mg): mean values B2M M/CTD ratios: 
mean values 4 S.D. k S.D. (median values) mean values + S.D. 
(median values) (median values) 

Grade 0 (n = 9) 2.30 f 0.93$+ (1.9) 7.96 + 4.20 (6.92)§+* 1.18~0.36~*’ (1.07) 

Grade 2 (n = 16) 4.20 f 3.47” l (2.9) 13.24 r 8.03 (9.40) 3.09 r 4.88’“* (1.66) 

Grade 3 (n = 16) 5.60 2 2.07 (5.5) 19.75+ 10.18 (18.17) 2.40 k 1.26 (2.14) 

tAccording to the clinical staging system of Durie and Salmon [la]. No patients with Grade 1 were 
observed in this study. 
SPatients with normal creatinine levels (see Patients and Methods section). 
SSignificantly different to Graded 2 lytic bone lesions. 
11 Significantly different to Graded 3 lytic bone lesions. 
l p<o.o1; l *P = 0.05; ***p<0.05. 

Table 5. Relation of serum B2M to initial staging of fiatients with multiple myeloma (MM) 

Initial stagin& (No. Serum B2M @g/ml): T B2M (mg): mean B2M M/CTD ratios: mean 
of patientsi) values -+ SD. (median values 2 S.D. (median values C S.D. (median 

values) values) values) 

Stage I 
(n=8) 

2.09 *0.74§‘*** (1.9) 6.62 f 2.46s’ (6.29) 1.10*0.26$‘+” (1.1) 

Stage II 
(n = 11) 

2.99 k 1.04”+*** (2.7) 11.73* 7.21”** (8.64) 1.66 -t0.58”*** (1.50) 

Stage III 
(n = 21) 

5.89 f 2.98 (5.5) 16.98 2 6.81 (17.5) 2.42 -+ 1.35 (2.0) 

tAccording to the clinical staging system of Durie and Salmon [IS]. 
IPatients wiht normal creatinine levels (see Patients and Methods section). 
SSignificantly different to stage II patients. 
kignificantly different to stage III patients. 
l P = 0.05; +*P = 0.02; l **p < 0.02; l ***p < 0.01. 
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secrete B2m and immunoglobulin was found. 
Neither was there any correlation between B2m 
secretion and the class of immunoglobulin 
produced [29]. In the current study 12% of our 
patients with IgG or IgA myelomas had normal 
or subnormal serum B2m levels (i.e., s 3 pg/ml) 
in spite of high tumor mass, and were 
considered as low B2m producers. On the 
other hand, a similar percentage of patients 
was found with unexpected high serum B2m 
levels in comparison with their tumor mass and 
were considered as high B2m producers. Fur- 
ther in vitro and in viva investigations will be 
necessary to confirm such data. At the present 
time, a search for any special clinical features 
that might identify these subgroups was im- 
possible, considering the small number of 
patients in each subgroup. 

In spite of a good relationship between 
serum B2m levels and myeloma cell mass, B2m 
was found not to be well related to disease 
activity. Indeed, after correction for the 
myeloma cell mass, no relationship was found 
with uric acid levels, acid phosphase activity 
and with the MWJ staging of prognostic value 

u91. 

Serum beta-2-microglobulin (B2m) and measured 
B2m (M) to calculated B2m (CTD) ratios (B2m 

MICTD ratios) in myeloma patients (MM): rela- 
tion to clinical status 

The most striking finding was the close rela- 
tionship between the percentage of regression 
or progression of myeloma cell mass (i.e., 
T.B.M.C.) and that of both serum B2m levels 
(P < 0.05) and B2m M/CTD ratios (P < 0.001). 
As illustrated in Table 6, response to induction 
chemotherapy was marked by a significant 
regression of serum B2m levels, in complete 
agreement with regression of myeloma cell 
mass. Indeed, in responsive patients to chemo- 
therapy, serum B2m levels remained closely 
related to residual tumor mass (P < 0.001). Of 
particular interest, the plateau-phase, following 
a 2 75% regression of tumor mass, was charac- 
terized by very low and stable values of 
serum B2m levels: 91% of normal values 
(i.e., s 2.6 pg/ml); mean values k S.D. = 
2.16 ~fr 0.47 pglml. On the other hand, primary 
treatment failure with progressive disease or 
relapse was marked by a significant increase of 
serum B2m levels over the initial or remission 
levels. Of interest, in pure Bence-Jones 
myelomas response to induction 
chemotherapy, assessed on clinical improve- 
ment, correction of anaemia and hypoal- 
buminemia and regression of Bence-Jones 
protein, was marked by a significant fall of 

Table 6. Relation of serum B2M to myeloma cell mass (TBMC) changes during 
chemotherafiy in Stage III patients with multiple myeloma (MM) 

Clinical status* 
(No. of available couples 

of SBZM-TBMC) 

Serum B2m @g/ml): 
mean values + S.D. 

(median values) 
(%of normal values =G 2.6) 

T.B.M.C. (X10”): mean 
values 2 SD. (median 

values) 

Initial staging (III) 
(n = 16) 

5.94” 3.24 (4.4)(6%) 2.28 2 0.34 (2.31) 

Primary treatment failure 
with regression < 50% 

(n = 39) 3.52 2 0.67 (3.4)?(23%) 1.39-co.21 (1.30)? 

Regression L 50% (n = 52) 2.34 + 0.71 (2.2)x(75%) 0.7 1 + 0.37 (0.54)X 

250% (n = 20) 2.73? 0.91 (2.6)(50%) 1.11 kO.20 (1.07) 
<75% 
~75% (n = 32) 2.16 k 0.4; (2)$(91%) 0.40 f 0.;9 (0.48)s 

Progressive disease/relapse 

(n = 12) 5.42 + 1.93 (4.8)(0%) 2.45 + 1.49 (2.09) 

*Patients with normal creatinine levels and available sequential tumor mass (TBMC) (see 
Patients and Methods section). 
+Significantly different to initial staging and relapse: P < 0.001. 
fsignificantly different to initial staging/relapse: P < 0.001 and to regression < 50%: 
P < 0.001 (TBMC). 
SSignificantly different to regression > 50% < 75%: P < 0.01 (Serum B2M) and P < 0.001 
(TBMC). 
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serum B2m levels, followed by a plateau-phase 
in some patients. The interest of serum B2m to 
assess response to chemotherapy, plateau and 
reiapse is well illustrated in Figs. 1 and 2 
concerning 2 representative patients with IgA 
kappa and pure Bence-Jones lambda MM. On 
the other hand, serum B2m was found not to 
be valuable to detect early relapse in com- 
parison with M-component. Indeed, in spite of 
the small number of patients we studied in 
relapse, serum B2m level and M-component 
level changes often occurred simultaneously. 

DISCUSSION 
Recent studies have shown that myeloma cell 

mass can be accurately predicted from extent 
of bone lesions, hemoglobin levels, serum cal- 
cium levels and the levels of monoclonal com- 
ponent in serum and urines [18], and that 
tumor cell mass changes could be detected 
from changes in monoclonal component 
production [18, 211. In daily routine, however, 
assessment of myeloma cell mass and of tumor 
cell mass changes during treatment was less ac- 
curate, difficult or impossible in myelomas with 
pure Bence-Jones protein or in myeloma 
without monoclonal protein. 

Several recent works have reported higher 
serum B2m levels in patients with MM than in 
normal controls [7-151 and a relation of serum 
B2m levels to initial staging. Furthermore, few 
works investigated interest of serum B2m for 
both discriminative diagnosis with benign 
monoclonal gammopathies (BMG) [ll, 121 and 
prognosis of MM [14]. 

We have presented here results of a pros- 
pective study concerning serum B2m in 78 
MM, in comparison with both normal controls 
and BMG, while considering age and renal 
status of all controls/patients and while con- 
sidering myeloma cell mass. Indeed, in this 
study, B2m (in terms of serum B2m levels and 
B2m M/CTD ratios) was shown to be highly 
related to tumor cell mass and B2m changes 
during treatment to tumor cell mass changes 
during chemotherapy. This was well illustrated 
by normal B2m levels observed in patients 
without osteolytic lesion and/or low-cell mass 
and in patients in plateau following an objec- 
tive response to chemotherapy. On the other 
hand, the highest values were observed in 
patients with extensive skeletal destruction and 
major fractures and/or high tumor mass at 
initial staging, or in patients in relapse or with 
primary treatment failure. Of major interest, 
and as already described for human myeloma 
cell lines [28, 291 and by Norfolk et al. [14] in 
patients with MM, no correlation was found 
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Fig. 1. Partial response with subsequent relapse in a patient with 
IgA ka@a myeloma. Abbreviations used: T.B.M.C.: total body 
myelomu cell mass; SBPM: serum beta-2-microglobulin levels. 

c- indicates a new induction chemotherapy. 
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Fig. 2. Fast objective response to induction chemotherapy in a patient 
with high mass lambda myeloma (lambda protein < 500 mg/day in 
urine): fast decrease of serum beta-2-microglobulin levels (SB2M) 
associated with a fast correction of anemia (HG: hemoglobin 

levels). 

between B2m secretion and the class of im- 
munoglobulin produced. In particular, patients 
with pure Bence-Jones protein had similar 
serum B2m levels to IgG and IgA (after cor- 
rection for cell mass) and demonstrated similar 
changes in response to chemotherapy. There- 
fore, it was logical to suggest that in such 
patients, B2m might be a better tool than 
Bence-Jones protein estimation for assessing 
both response to treatment and the plateau- 
phase. 

Moreover, we have investigated the value of 
B2m in the discrimination of BMG and MM. 
Considering age, renal status and myeloma cell 
mass, as illustrated in Table 2, it was impossible 
to separate normal individuals, patients with 
BMG and patients with low-mass myeloma. 
Such results were not surprising, as recent 
studies have shown that only markers closely 
related to plasma-cell activity, such as [‘HI- 
thymidine labelling indices [30, 311 or acid 
phosphatase activity of myeloma cells [25, 321, 
were really helpful in the differential diagnosis 
of BMG and MM. 
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Up to now, myeloma has been characterized 
by different biological and cytological tumor 
markers (i.e., monoclonal components). Some 
of them are related to myeloma cell mass, such 
as osteoclast activating factor [33]. Others are 
more related to disease activity, independently 
of tumor mass, such as labelling index [30] and 
acid phosphatase activity of myeloma cells [32]. 
Both are useful for prognosis. Based on our 
own and previously published data, we can 
conclude that serum B2m is a simple and reli- 
able non-specific marker of myeloma cell mass, 
useful in the management of multiple 
myeloma, especially pure Bence-Jones 
myelomas. Furthermore, we emphasized the 
interest of the B2m M/CTD ratio in patients 

with impaired renal function, as previously 
described by Cassuto et al. [12]. Finally, the total 
serum B2m was found to be of poor practical 
value and appeared to have no especial merit 
as a discriminant compared to serum B2m. 
This is easily explained by the fact that the 
diffusion compartment of B2m is 2 to 4-fold 
larger than plasma volume [26]. Further in- 
vestigations (in vitro studies) will be necessary 
to clarify the real significance of low/high B2m 
production observed in some patients with 
MM. 
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