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Abstract

Beta-2 microglobulin is synthesized in all nucleated cells and forms the light chain subunit
of the major histocompatibility complex class | antigen. Despite its potential role as a con-
venient and non-invasive prognostic indicator in malignant lymphomas, the influence of
serum B2 microglobulin is currently underestimated, and therapeutic decision making
is rarely affected by this marker. Recent studies that included relatively large numbers
of patients with specific histologic subtypes showed that serum 2 microglobulin is a po-
tent prognostic marker in malignant lymphomas. In follicular lymphoma, this effort led
to the incorporation of serum 32 microglobulin as an indicator in a new prognostic model.
In this review, we summarize the current evidence supporting the role of serum 2 micro-
globulin as a prognostic factor in patients with malignant lymphoma and discuss per-
spectives for future investigations.
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INTRODUCTION

Beta-2 microglobulin (B2M) is synthesized in all nucleated
cells and forms the light chain subunit of the major histo-
compatibility complex (MHC) class I antigen [1, 2]. B2M
binds non-covalently to MHC class I molecules and is not
directly attached to the cell membrane. Free soluble B2M
is detected in body fluids, such as blood, urine, and cere-
brospinal fluid, because of its release from the cell surface
or cytoplasm [3]. B2M on the cell surface can be substituted
by free soluble B2M. Since the identification of B2M in
the early 1970s, the serum B2M level has been widely inves-
tigated for its prognostic value in multiple hematologic dis-
orders [1, 2]. In multiple myeloma, measurement of serum
B2M levels is considered essential for staging and clinical
management [4]. Despite the potential role of the serum
B2M level as a convenient, non-invasive, and well-estab-
lished prognostic indicator, its influence is underestimated

and rarely affects the therapeutic decision making process
in patients with malignant lymphomas. This could be attrib-
uted to the fact that previous studies were mostly based
on a small number of patients and only a few large-scale
multi-center studies have assessed the prognostic value of
serum B2M in patients with non-Hodgkin lymphoma (NHL)
or Hodgkin lymphoma (HL). However, recent studies that
included a relatively large number of patients with specific
lymphoma subtypes showed that serum B2M is a potent
prognostic marker. In follicular lymphoma, this effort led
to the incorporation of serum B2M as an indicator in a
new prognostic model [5]. The clinical implications of serum
B2M levels in malignant lymphomas need to be re-evaluated
to improve the risk stratification of patients in daily practice
and in clinical trials. In the present article, we review the
current evidence supporting the role of B2M as a prognostic
factor in patients with malignant lymphomas and discuss
perspectives for future investigations.

(@X@) This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
(@) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
p P! y P g properly



Serum (2 microglobulin in lymphoma

149

MECHANISM OF SERUM B2M
AS A PROGNOSTIC FACTOR

The mechanisms underlying the prognostic value of serum
B2M in malignant lymphomas remain unclear. A widely
accepted hypothesis is that the serum B2M level is directly
related to tumor burden, because free soluble B2M, which
is released from the cell membrane or cytoplasm, is correlated
with cell turnover rate [3]. This was based on previous find-
ings showing that elevated serum B2M was associated with
advanced disease stage, elevated lactate dehydrogenase
(LDH), and high International Prognostic Index (IPI) risk
groups, indicating a greater tumor burden [6, 7]. However,
several studies showed that the prognostic significance of
serum B2M was independent from that of other validated
prognostic factors including stage and serum LDH levels,
which reflect tumor burden [5, 7, 8]. This suggests that
the serum B2M level is related to specific biologic or tumor
microenvironmental features of malignant lymphomas.
Recent findings that B2M is involved in cell survival, pro-
liferation, and metastasis in various types of cancer support
this hypothesis [3, 9, 10].

SERUM B2M IN UNSELECTED NHL SUBTYPES

Early studies on serum B2M were performed in heteroge-
neous study populations that included unselected NHL sub-
types (Table 1). One of the earliest studies on serum B2M
showed that it is significantly associated with the response
to treatment and overall survival (OS) in advanced NHL

Table 1. Serum B2 microglobulin in unselected NHL subtypes.

patients with Ann Arbor stage (III/IV) [11]. However, later
studies reported conflicting results regarding the relationship
between serum B2M levels and clinical outcomes [12, 13].
The discrepancy among studies could be attributed to the
inclusion of various histologic subtypes, considering that
clinical outcomes vary according to the histology in patients
with NHLs. Moreover, because the magnitude of the prog-
nostic impact of serum B2M may differ among histologic
subtypes, the results of these studies cannot be considered
informative in an era, in which optimal therapeutic strategies
are tailored to each subtype.

SERUM B2M IN AGGRESSIVE NHL SUBTYPES

In patients with aggressive NHL, the serum B2M level
was reported to be increased in 40-55% of patients (Table
2). Interestingly, a previous study reported that the pro-
portion of patients with elevated serum B2M varied according
to the primary site of the disease [14], with significantly
lower levels (27%) in patients whose primary disease site
was Waldeyer’s ring than those in patients with other pri-
mary sites (39-53%). Among early studies that included pa-
tients with high grade NHL with various histologic subtypes
[15, 16], one study suggested that serum B2M is a predictive
and prognostic factor for diffuse aggressive NHL [15]; serum
B2M was correlated with all evaluated efficacy outcomes,
such as response, duration of remission, and OS. Another
study aimed at identifying prognostic factors for localized
aggressive NHL; however, serum B2M was not associated
with OS in univariate and multivariate analyses in patients
with localized aggressive NHL [16]. Because the prognostic

References Histologic type No. of patients Cut-off level Clinical outcomes
Hagbergetal. [11]  NHLand HL 149 (NHL), 40 (HL) 3.5mg/L  Significant for relapse rate, and OS in NHL with stage 11I/IV
Anderson et al. [12]  NHL 81 ULN Not significant for response, duration of remission, and OS
Hahn et al. [13] NHL 329 (NHL), 47 (HL) 2.5 mg/L Significant for OS, not for DFS and response

Abbreviations: DFS, disease free survival; NHL, Non-Hodgkin’s Lymphoma; HL, Hodgkin Lymphoma; OS, overall survival; ULN, upper limit

of normal.

Table 2. Serum B2 microglobulin in aggressive NHL subtypes.

. . No. of Cut-off % of elevated -~
References Histologic type patients level serum B2M Clinical outcomes
Johnson et al. [15] Diffuse aggressive NHL 262 3.0mg/L  46% Significant for response, duration

of remission, and OS

Alici et al. [16] Localized aggressive NHL 67 (118)Y ULN 40% Not significant for OS
Lopez-Guillermo Diffuse large B-cell lymphoma 220 (382)” 2.5 mg/L 27-53% (depending  Significant for response and OS
et al. [14] on primary sites)

Romaguera et al. [17] Aggressive mantle cell lymphoma 97 3.0mg/L 55% Significant for FFS, not for OS

“Number in parenthesis is the number of overall patients in the study.
Abbreviations: B2M, beta-2 microglobulin; NHL, Non-Hodgkin’s lymphoma; FFS, failure-free survival; OS, overall survival; ULN, upper limit
of normal.
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value of serum B2M was not the major endpoint in this
study, serum B2M data were available in only 67 patients,
approximately a half of the study cohort, which might have
reduced the statistical power of the study for serum B2M.

The prognostic impact of serum B2M in patients with
diffuse large B-cell lymphoma (DLBCL) was previously dem-
onstrated in a large single-center retrospective study con-
ducted in Spain [14]. In this study, which included 382
patients, the clinical and biological characteristics and clin-
ical outcomes were defined according to the primary origin
of DLBCL. Although only 58% of the study population was
available for measurement of serum B2M level, its prognostic
significance for OS was retained in multivariate analysis
along with IPI and bulky disease. In patients with aggressive
mantle cell lymphoma (MCL), the role of serum B2M was
investigated in a phase II trial of rituximab plus hyper-fractio-
nated cyclophosphamide, vincristine, doxorubicin, and dex-
amethasone (CVAD) alternating with rituximab plus high-
dose methotrexate and cytarabine [17]. In this study, which
included 97 untreated aggressive MCL patients, the serum
B2M level was predictive of response and failure-free surviv-
al, but not of OS. The impact of serum B2M on failure-free
survival was significant in patients older than 65 years,
whereas no difference in failure-free survival according to
serum B2M level was detected in patients younger than
65 years. These results suggest the predictive role of serum
B2M and a potential interaction between age and serum
B2M level in aggressive MCL.

SERUM B2M IN INDOLENT NHL SUBTYPES

The prognostic relevance of serum B2M in indolent NHL
has been relatively well identified from the results of several
studies (Table 3). Approximately 12-42% of patients with
indolent lymphomas present with elevated baseline serum
B2M levels. Litam er al [18] first reported the prognostic
value of serum B2M in low-grade lymphomas and showed
that response and time-to-treatment failure were sig-
nificantly associated with serum B2M. In a cooperative study
that resulted in the proposal of the Follicular Lymphoma
International Prognostic Index (FLIPI), the serum B2M level

Table 3. Serum B2 microglobulin in indolent NHL subtypes.

was significantly associated with OS in univariate analysis
and was recognized as a potential prognostic factor in patients
with follicular lymphoma; however, it was not included in
multivariate analysis because of a high rate of missing data
[19]. The data set of prospective studies performed by the
GISL group was later used to examine the relationship be-
tween serum B2M and survival outcomes in 236 patients
with follicular lymphoma treated with anthracycline-con-
taining regimens [8]. In this study, serum B2M was sig-
nificantly associated with OS independently of the FLIPI
(age, Ann Arbor stage, hemoglobin level, number of nodal
area, and serum LDH) with a hazard ratio of 2.9. A follow-up
large multi-center retrospective study that included 942 pa-
tients was conducted to update the FLIPI and confirmed
that serum B2M is a significant prognostic factor for follicular
lymphoma [5]. Based on this finding, serum B2M was in-
corporated into the new prognostic index for follicular lym-
phoma termed the FLIPI-2, which includes the serum B2M
level, longest diameter of the largest involved node longer
than 6 cm, bone marrow involvement, hemoglobin level,
and age [5]. In a recent phase 3 trial of iodine-131 tositumo-
mab radioimmunotherapy, prognostic models including se-
rum B2M significantly predicted progression-free survival
(PFS) and OS of patients with follicular lymphoma, which
further validated the prognostic relevance of serum B2M
in follicular lymphoma [20]. Furthermore, a statistically sig-
nificant interaction between the serum B2M level and the
investigated regimens suggested the predictive features of
serum B2M. Radioimmunotherapy plus cyclophosphamide,
doxorubicin, vincristine, and prednisolone (CHOP) was su-
perior to rituximab plus CHOP in terms of PFS in patients
with normal serum B2M, whereas no difference in PFS was
observed between the two treatment arms in those with
elevated serum B2M [20].

In marginal zone lymphoma (MZL), a retrospective analy-
sis conducted to define the prognostic factors in patients
with mucosa-associated lymphoid tissue (MALT) lymphoma
revealed that serum B2M was significantly associated with
OS but not with PFS [21]. However, no association between
the serum B2M level and OS was observed in two studies
that analyzed non-gastric MZL patients [22, 23], and a rela-
tionship with cause-specific survival was found only in the

No. of patients

Cut-off % of elevated

References Histologic type with serum B2M level  serum B2M Clinical outcomes
Litam et al. [18] Low grade NHL 3.0 mg/L - Significant for response, and TTF
Thieblemont et al. [21] MALT lymphoma 91 (159 3.0 mg/L 22% Significant for OS, not for PFS
Zucca et al. [22] Non-gastric marginal zone lymphoma 66 (180)”  ULN 35% Not significant for PFS, CSS, and OS
Arcaini et al. [23] Non-gastric marginal zone lymphoma 100 (208)”  ULN 35% Not significant for EFS and OS
Federico et al. [8] Follicular lymphoma 236 ULN 35% Significant for OS
Federico et al. [5] Follicular lymphoma 848 (942)Y ULN 42% Significant for PFS and OS
Yoo et al. [24] Non-gastric MALT lymphoma 174 2.5 mg/L 10% Significant for PFS and OS

“Number in parenthesis is the number of overall patients in the study.

Abbreviations: B2M, beta-2 microglobulin; CSS, cause-specific survival; EFS, event-free survival; MALT, mucosa-associated lymphoid tissue;
PFS, progression-free survival; OS, overall survival; ULN, upper limit of normal.
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univariate analysis of one study [22]. However, all three
studies were limited by the fact that serum B2M data were
available for only a half of the study population, which
might reduce the statistical power for defining the real associ-
ation between the serum B2M level and survival outcomes.
A recent retrospective study based on prospectively collected
data that included 174 patients with non-gastric MALT lym-
phoma showed that serum B2M was significantly associated
with PFS and OS [24]. The impact of serum B2M on survival
outcomes was independent of international prognostic index
(IPI). The hazard ratio for OS in patients with elevated serum
B2M were 26.9; the impact of serum B2M level on OS was
much larger than that of IPI (hazard ratio of 2.4). However,
a larger sample size is necessary to verify these conflicting
results. If the prognostic significance of serum B2M level
in MZL is confirmed in future studies, previously established
prognostic indices for MZL, such as the IPI or marginal
zone lymphoma prognostic index (MZLPI) [25] may need
to be updated with the inclusion of serum B2M.

SERUM B2M IN NATURAL
KILLER-CELL OR T-CELL LYMPHOMAS

In contrast to the abundance of data regarding serum
B2M in B-cell lymphoma subtypes, its prognostic relevance
has not been evaluated in extranodal natural killer
(NK)/T-cell lymphoma (ENKTL). Two recent studies con-
ducted in Asia evaluated pretreatment serum B2M levels
in patients with ENKTL (Table 4) [7, 26]. Although these
studies used different cut-off values (2.5 mg/L and 3.0 mg/L),
the proportion of patients with elevated serum B2M level
was approximately 47% in both studies. A study conducted
in China that included patients with nasal ENKTL demon-
strated that baseline serum B2M is an independent prognostic
factor for PFS and OS, and this remained significant in the
multivariate analysis including the IPI [26]. A Korean study
that analyzed both nasal and extranasal ENKTL showed that
baseline serum B2M level was a significant factor for OS
only in nasal ENKTL and not in extranasal ENKTL [7]. The
prognostic relevance of serum B2M was verified in multi-
variate analyses including either the IPI or the Korean
Prognostic Index [27], which is another validated prognostic

Table 4. Serum B2 microglobulin in NK or T-cell NHL subtypes.

index for ENKTL. Furthermore, the association between the
serum B2M level and OS remained significant in a subset
analysis for disseminated nasal ENKTL, which has very ag-
gressive clinical features and poor prognosis. The hazard
ratios for elevated serum B2M level in terms of OS were
3.3-3.8 in these studies, which is comparable to or higher
than those of previously validated prognostic indices (2.2—
3.1).

In peripheral T-cell lymphoma (PTCL), the serum B2M
level was evaluated in the salvage setting in patients with
the refractory disease who underwent autologous stem cell
transplantation [28]. This multi-center retrospective analysis
included a relatively large number (N=123) of patients and
showed elevated serum B2M levels in 41% of patients at
the time of transplantation. Serum B2M was identified as
the single variable associated with both PFS and OS in a
multivariate analysis that included other prognostic factors
for PTCL. The investigators in this study developed a prog-
nostic index that included serum B2M and an adjusted IPI
that could successfully stratify the survival outcomes.

SERUM B2M IN HL

The baseline serum B2M level was elevated in 23-29%
of patients with HL in previous studies (Table 5). In contrast
to an initial study performed at a single institution that
suggested serum B2M as a predictor of treatment outcomes
in patients with HL [29], later studies with larger sample
sizes failed to demonstrate that serum B2M is predictive
of failure-free survival [6, 30]. However, these studies demon-
strated that serum B2M is significantly associated with OS
(6, 30]. Elevated serum B2M level was the single independent
prognostic factor in a study that included only early stage
HL patients, whereas in a study including all stages of HL,
the hazard ratio of elevated serum B2M level for OS was
3.5. The relevance of serum B2M was recently evaluated
in a comprehensive analysis of prognostic factors in HL [31].
In this multi-center retrospective study performed by a
Japanese lymphoma study group, serum B2M was not in-
cluded in the final multivariate model despite its significance
in the univariate analysis. The authors suggested that a large
proportion of missing data (34% of the overall study pop-

. . No. of patients Cut-off % of elevated -
References Histologic type with serum B2M level  serum B2M Clinical outcomes
Li et al. [26] Nasal ENKTL 82 2.5 mg/L 48% Significant for PFS and OS
Yoo et al. [7] ENKTL 79 (nasal ENKTL), 3.0 mg/L 47% Significant for PFS and OS (nasal ENKTL),
22 (extranasal ENKTL) not for PFS and OS (extranasal ENKTL)
Rodriguez et al. [28]  Relapsing/refractory 88 (123)” ULN 41% Significant for OS, not for PFS

peripheral T-cell lymphoma

“Number in parenthesis is the number of overall patients in the study.

Abbreviations: B2M, beta-2 microglobulin; ENKTL, extranodal NK/T-cell ymphoma; PFS, progression-free survival; OS, overall survival; ULN,

upper limit of normal.
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Table 5. Serum B2 microglobulin in Hodgkin lymphoma.

. . No. of patients  Cut-off % of elevated -

References Histologic type with serum B2M  level  serum B2M Clinical outcomes
Dimopoulos et al. [29] Hodgkin lymphoma 160 2.5 mg/L 29% Significant for response, and TTF
Vassilakopoulos et al. [6] ~ Hodgkin lymphoma 232 2.5 mg/L 28% Significant for OS, not for FFS
Chronowski et al. [30] Early stage Hodgkin lymphoma 217 2.5 mg/L 6% Significant for OS, not for PFS
Itoh et al. [31] Hodgkin lymphoma 111 (167)” 2.0 mg/L 23% Not significant for OS

“Number in parenthesis is the number of overall patients in the study.

Abbreviations: B2M, beta-2 microglobulin; FFS, failure-free survival; PFS, progression-free survival; OS, overall survival; TTF, time-to-treatment

failure; ULN, upper limit of normal.

ulation) might account for the inconsistent results. The find-
ings of previous studies indicate that elevated serum B2M
level is a poor prognostic factor in terms of OS, but is not
predictive of therapeutic outcomes in patients with HL.

CONCLUSION

The serum B2M level is a powerful prognostic factor in
various histologic subtypes of malignant lymphomas as dem-
onstrated in many adequately powered studies. Despite
strong evidence of the impact of serum B2M, this marker
has not been included in prognostic models for malignant
lymphomas except in follicular lymphoma. This is largely
due to the substantial proportion of the study population
with missing data on serum B2M. Current evidence suggests
that there is room for the improvement of index systems
and that serum B2M levels could contribute to the provision
of enhanced prognostic information. Considering that sensi-
tive prognostic index systems are useful in daily practice
and clinical trials for patients with malignant lymphomas,
the prognostic relevance of the serum B2M level in previously
established prognostic indices should be validated in future
studies with large sample sizes, similar to updating the prog-
nostic model for follicular lymphoma. Furthermore, optimal
cut-off values of serum B2M for the prediction of clinical
outcomes need to be established. B2M as a potential target
for cancer therapy is being investigated in the pre-clinical
setting, and biologic agents against B2M have shown promis-
ing anti-cancer activity [32, 33]. As anti-B2M therapy is
expected to be effective in B2M-overexpressing malig-
nancies, the serum B2M level could become a useful bio-
marker for patients treated with these drugs, particularly
in malignant lymphomas, in which its prognostic significance
has been well established.
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