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Abstract: Objective: The influence of 32-microglobulin (32-MG) on the prognosis of non-Hodgkin’s lymphoma (NHL)
remains controversial. This study performed meta-analyses to evaluate the prognostic value of f2-MG on the overall
survival (0S) of NHL. Methods: Through a search of relevant literature in PubMed, EMbase, Science Direct, OVID
and Wanfang databases from 1980-2013, the hazard ratios (HRs) of OS between the normal 2-MG group and the
increased B2-MG group were retrieved, and the results were combined using a fixed effect model and a random
effect model. Subgroup analyses were performed based on univariate and multivariate analysis results, and sensi-
tivity analyses were performed to estimate the changes of the combined HRs. In addition, funnel plots and fail-safe
numbers were used to estimate publication bias. Results: A total of 17 qualified publications were included, with
a cumulative total of 2,479 cases. The result of heterogeneity examination showed that there was heterogeneity
among all studies (P < 0.001, I = 87%). In the random effect model, the combined HR was 2.71 (95% confidence
interval [Cl]: 1.91-3.85). The result of the total effect examination was statistically significant (Z = 5.59, P < 0.001).
Conclusion: The increased B2-MG level was an independent risk factor for the prognosis of NHL.
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Introduction structure in human leukocyte antigens (HLAs)
that is released into blood after dissociation
from HLA during the normal metabolic process
in the body [3, 4]. Many published studies have
demonstrated that serum B2-MG levels are
associated with the prognosis of most types of
NHL, mainly including chronic lymphocytic leu-
kemia (CLL) [5-8], follicular lymphoma (FL)
[9-11], mantle cell lymphoma (MCL) [12, 13],
and diffuse large cell lymphoma (DLBCL) [14,
15]. Although domestic and international schol-
ars have performed studies using B2-MG as a
prognostic factor for NHL patients, the pres-
ence of differences in the experimental meth-
ods, sample contents, populations, and statisti-
cal analysis methods made the individual study
results difficult to promote, and the conclusions

Non-Hodgkin’s lymphoma (NHL) is a group of
highly heterogeneous malignant tumors of the
lymphatic system. NHL accounts for almost 5%
of human malignant tumors, and its incidence
has gradually increased in recent years. Be-
cause the clonally proliferated lymphocytes
have different functions and are distributed
extensively in the body, they can involve any
organs and can display different clinical mani-
festations, histological types, natural disease
courses, and prognoses [1]. The tendency of
NHL to invade extranodal tissues is significant,
and the disease usually results from multiple
foci; therefore, the treatment efficacy is poor,
the clinical courses vary, and the therapeutic
responses are also significantly different. Thus,

studies on prognosis-related factors of NHL were controvers@ (16-19]. Some stud!es
have attracted researchers’ attention [2]. reported that the increase of B2-MG was a risk

factor for the prognosis of NHL patients; while
32-microglobulin (B2-MG) is a type of low- other studies indicated that the increase of

molecular-weight protein. 2-MG is a light chain B2-MG had limited effects on the prognosis of
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NHL patients. To scientifically evaluate the
association between B2-MG and the prognosis
of NHL and to reduce the bias and differences
among the studies, the present study per-
formed meta-analyses on previous study re-
sults to comprehensively evaluate the associa-
tion between the increase of 2-MG and the
prognosis of NHL to provide bases for the for-
mulation of clinical therapeutic strategies.

Materials and methods
Retrieval strategy

The PubMed, Science Direct, OVID, and Wan-
fang databases were searched. The search
terms were “lymphoma”, “microglobulin”, and
“survival”, “prognostic’ or “prognosis”. The retri-
eval period was from January 1, 1980 to De-
cember 31, 2013. During the retrieval, publica-
tions with titles containing Hodgkin’s lympho-
ma or Hodgkin lymphoma were excluded. For
the same authors with multiple publications,
only the newest or the most comprehensive
publication was included. Publications included
in this study were all full articles.

Inclusion criteria

(1) Prospective studies; (2) publically published
studies on the association between binary vari-
ables of B2-MG levels (increased group and
normal group) and the prognosis of NHL; (3) the
endpoint event was overall survival (0OS); if both
univariate and multivariate analyses of 32-MG
were reported, the multivariate analyses were
used whenever possible; (4) with a clear thresh-
old B2-MG value; (5) all publications were full
articles; and (6) publications were able to pro-
vide enough information [19, 20] to acquire
indicators of NHL prognosis, such as relative
risks and survival curves, to ensure that the
hazard ratio (HR) or risk ratio (RR) could be
estimated.

Exclusion criteria

(1) Retrospective studies; (2) studies irrelevant
to B2-MG and to the prognosis of NHL; (3) omis-
sion of survival information data, such as HR,
RR, and survival curves; (4) repetitive reports or
reports with poor quality that could not be
used; and (5) letters, reviews, conference recor-
ds, abstracts, and commentaries.

Evaluation of literature quality

The quality evaluation of the included literature
was performed according to the prognostic lit-
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erature evaluation principles: (1) representa-
tive of samples and randomness of patient
selection; (2) whether the study start point was
clear; i.e., whether all patient follow-up started
on d1 after surgery and the follow-up time was
long enough; (3) whether all patients were fol-
lowed up; the dropout rate did not exceed 20%;
(4) whether objective prognostic indicators we-
re used; i.e., death was the standard to deter-
mine the outcome.

Quality control

(1) Data were collected based on the literature
inclusion criteria; (2) publications with small
sample sizes, poor quality, and repetitive re-
ports and publications without raw data or the
original text could not be obtained were exclud-
ed; and (3) publications were input into comput-
ers to establish a database; statistical analy-
ses were performed after verification.

Information collection

There are 3 major indicators for prognosis eval-
uation: survival rate, survival curve, and HR.
This study used the HR as effect statistic to
investigate the association between 2-MG lev-
els and the prognosis of NHL. Two evaluators
independently performed the literature screen-
ing and information retrieval. After completion,
the consistency of the results was examined; if
there were inconsistent opinions, the inconsis-
tency was resolved by discussing with clinical
specialists in the study group. Based on Parmar
et al [21], there were 3 ways to acquire HR val-
ues: (1) HR values, 95% confidence intervals
(Cls), or regression coefficients reported in the
literature were used directly, of which regres-
sion coefficient b was converted into HR using
exp (b); (2) if an HR value was not directly pro-
vided in the literature but there were clear P
values, numbers of patients in the increased
2-MG and normal groups, and numbers of all
observed deaths at the end of the study, then
the HR value was estimated using the formula
proposed by Parmar et al; (3) if only the Kaplan-
Meier (K-M) curve was provided, then the num-
bers of patients in the increased 2-MG and
control groups were extracted, and the survival
rate at each time point in the curve was also
extracted using the Engauge Digitizer V4.1
screenshot tool to estimate HR values and vari-
ances using formulas. The HR values and vari-
ances were acquired using the above 3 meth-
ods. After sorting, the logarithm value of HR [In
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Table 1. Characteristics of included studies

Authors Publication Me(_jian follow-up Numbers Adjusted  Cut-off of
Year Time (years)  High level Normal level HR B2-MG (mg/L)
Albitar et al. 2007 63 2.88 Yes 4.16
Aviles et al. 1991 28 40 4.67 No 3.5
Benboubker et al. 2000 2.9 23 82 3.763 No 3.0
Dhodapkar et al. 2009 9.7 106 74 1.8 Yes 3.0
Gui et al. 2008 1.7 221 194 1.784 Yes 2.5
Ibrahim et al. 2001 150 1.027 Yes 2.5
Inamdar et al. 2009 4.3 38 31 3.3 Yes 3.0
Khouri et al. 2003 4, 9 18 40.06 No 3.0
Lopez-Guillermo et al. 2005 6.5 169 213 1.8 Yes 2.5
Maffei et al. 2010 4 249 17.73 No 2.2
Molica et al. 1999 3. 68 38 6.25 No 3.0
Perez-Encinas et al. 1999 2.2 63 2.84 Yes 3.5
Romaguera et al. 2010 8 53 44 1.77 Yes 3.0
Seymour et al. 2003 10 20 43 2 No 2.0
Stilgenbauer et al. 2009 3.2 38 57 2 No 4.41
XIE et al. 2013 3.4 157 95 2.19 No 2.2
Xu et al. 2008 14 81 23.73 No 3.0

(HR)] and its standard error [SE (In (HR)] were
obtained.

Meta-analyses

The generic inverse variance was selected, and
In (HR) and SE (1n (HR)) were input to perform
OS analysis using RevMan 5.2 software. He-
terogeneity examination was performed using
the Q test; when P> 0.05, all studies had homo-
geneity; if P < 0.05, there was heterogeneity
among all studies. In addition, the heterogene-
ity degree among all studies was measured sta-
tistically. If there was good homogeneity among
all studies, the fixed effect model was used;
otherwise, the random effect model was used.
Subgroup analyses were conducted based on
the univariate and multivariate analyses of the
included literature to investigate the effects of
different subgroups. Finally, sensitivity analy-
ses were performed on the results. The publi-
cation bias of the meta-analysis was evaluated
using funnel plots. Asymmetric or incomplete
funnel plots suggest the presence of publica-
tion bias.

Results and analyses
Characteristics of the literature

A total of 187 publications were obtained
based on the retrieval strategy. According to
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the inclusion and exclusion criteria, 77 irrele-
vant publications were initially excluded after
reading the abstracts. The full texts of the 110
publications that might be included were down-
loaded. After reading the full texts, 93 publica-
tions that did not meet the requirement were
excluded. Finally, a total of 17 publications [7-9,
16, 17, 19, 22-32] were included in this study,
with a total of 2,479 observation subjects. Of
these 17 publications, the HRs and 95% Cls for
11 publications were provided directly; deter-
mining these values required the use of clear P
value calculation methods in 3 publications,
and the values needed to be extracted from the
K-M curves in 3 publications. In the combined
HR analyses, because multivariate analyses
considered confounding factors, they were mo-
re accurate than univariate analyses; therefore,
if publications provided the HR values from
both the multivariate and univariate analyses,
the HR values from the multivariate analyses
were chosen. The basic information regarding
the publications that were included in the anal-
yses is shown in Table 1. In these 17 publica-
tions, there were 8 studies provided the adjust-
ed HR values which adjusted for age, gender,
therapy methods, and other confounders. The
cut-off of B2-MG is varied from 2.0 to 4.41
mg/L. The median follow-up time ranged from
1.7 to 10 years.

Int J Clin Exp Med 2015;8(3):3992-3999



2-MG and NHL prognosis

Study or Subgroup log[Hazard Ratio] SE Weight
Albitar et al.2007 1.058 0.421 6.4%
Aviles 1991 1541 2774 04%
Benboubker et al.2000 1.325 0.381 6.8%
Dhodapkar et al.2009 0.588 0202 87%
Gui et al.2008 0579 0189 8.9%
|brahim et al.2001 0.027 0.071 9.7%
Inamdar et al.2009 1.194 0.534 5.2%
Khouri et al.2003 369 0949 26%
Lopez-Guillermo. 2005 0588 0.15 92%
Maffei et al.2010 2875 1.027 23%
Molica et al. 1999 1.833 0336 7.3%
Perez-Encinas et al. 1999 1.044 0.41 6.5%
Romaguera et al.2010 0.571 0328 7.4%
Seymour et al.2003 0693 3334 0.3%
Stilgenbauer et al.2009 0693 0303 7.7%
XIE et al.2013 1.098 016 91%
Xu et al.2008 3.167 1.262 1.7%

Total (95% Cl)

Test for overall effect: Z = 5.59 (P < 0.00001)

100.0%
Heterogeneity: Tau? = 0.32; Chi? = 104.73, df = 16 (P < 0.00001); I = 85%

Hazard Ratio
1V, Random, 95% CI

Hazard Ratio
IV, Random, 95% CI
2.88[1.26, 6.57]
4.67 [0.02, 1072.71]
3.76[1.78, 7.94]
1.80[1.21, 2.67]
1.78 [1.283, 2.58]
1.03[0.89, 1.18] T
3.30[1.16, 9.40]
40.04 [6.23, 257.24]
1.80[1.34, 2.42]
17.73[2.37, 132.67]
6.25[3.24, 12.08]
2.84[1.27,6.34]
1.77[0.93, 3.37]
2.00[0.00, 1376.80] ¢
2.00[1.10, 3.62]
3.00[2.19, 4.10]
23.74 [2.00, 281.60]

L 4

“H* |

——
—_—
———

2.71[1.91, 3.85)
L

001 01 1

Normal level High level

Figure 1. Forest plot of NHL and 32-MG by meta-analysis of included univariate study, the horizontal lines corre-
spond to the study-specific OR and 95% Cl, respectively. The area of the squares reflects the study-specific weight.
The diamond represents the pooled results of OR and 95% Cl.

Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Albitar et al.2007 1.058 0421 8.4% 2.88[1.26,6.57) -
Dhodapkar et al.2009 0588 0202 149% 1.80[1.21, 2.67) -
Guietal.2008 0579 0189 154% 1.781[1.23, 2.59)] -
Ibrahim et al.2001 0.027 0071 187% 1.031[0.89,1.18] i
Inamdar et al.2009 1194 0534 6.3% 3.30[1.16, 9.40] -
Lopez-Guillermo. 2005 0588 015 167% 1.80[1.34, 2.42] -
Perez-Encinas et al. 1999 1.044 041 87% 2.841.27,6.34] I
Romaguera etal.2010 0571 0328 108% 1.7710.93,3.37)

Total (95% CI) 100.0% 1.82[1.32, 2.50]

Heterogeneity: Tau®= 0.14, Chi®=32.24,df=7 (P < 0.0001); F=78%

Testfor overall effect: Z2=3.67 (P = 0.0002)

04 1 10 100

Normal level High level

0.01

Figure 2. Forest plot of NHL and B2-MG by meta-analysis of included multivariate analyses study, the horizontal
lines correspond to the study-specific OR and 95% ClI, respectively. The area of the squares reflects the study-
specific weight. The diamond represents the pooled results of OR and 95% CI.

B2-MG levels and the prognosis of NH

A heterogeneity examination was conducted on
the 17 included publications. The results of this
examination indicated that there was signifi-
cant heterogeneity among all studies; there-
fore, quantitative and comprehensive analysis
of literature needed to be performed using the
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random effect model. The total effect of these
17 publications was statistically significant
(Z=5.59, P < 0.001). The combined HR value of
OS for the normal 2-MG and increased groups
was 2.71 (95% Cl 1.91-3.85), indicating that
the risk of death in patients with increased
B2-MG levels increased 1.71-fold (Figure 1).
This result suggested that increased B2-MG
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value of 32-MG in the 0S
of NHL; therefore, the
analytic results are repre-
sentative, which is helpful
for resolving the inconsis-
tencies among many pre-
vious independent studi-
es.

It has been reported that
people with significantly
increased [B2-MG levels
mostly had advanced dis-
ease and poor prognoses,

while people with low con-
Hazard Ratio,

5 u +
0.01 01 1

Figure 3. Funnel plot for publication bias test. Each point represents a separate
study for the indicated association. Log HR represents the natural logarithm of

HR. The vertical line represents the mean effects size.

levels may be a risk factor of NHL. Considering
that the information regarding 32-MG in includ-
ed publications was from univariate and multi-
variate analyses, publications that provided
multivariate analysis data were used for sub-
group analyses. The results showed that the
combined HR value in multivariate analyses
was 1.82 (95% Cl 1.32-2.50) (Figure 2).

Publication bias and sensitivity analyses

The funnel plots of these 17 publications are
shown in Figure 3. Figure 3 shows that, exclud-
ing some individual abnormal dots, the distribu-
tion of the other dots is concentrated and sym-
metric, indicating that the influence of publica-
tion bias on this study was small and that its
conclusion was reliable. To further explain the
reliability of the meta-analysis, sensitivity anal-
yses were performed, and the results showed
that when individual publications were exclud-
ed one by one, the effect on the result was lim-
ited. Therefore, this study’s conclusion was
reliable.

Discussion

This study included a total of 17 relevant publi-
cations for meta-analysis. The results indicated
that an increased B2-MG level was an indepen-
dent risk factor for the prognosis of the survival
of NHL. This study used a random effect model
to comprehensively evaluate the prognostic
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centrations had better
prognosis and longer sur-
vival periods. After the
improvement or remis-
sion of disease cases
with surgery, chemothera-
py, or other therapies, the
majority of patients experienced different
degrees of decreased 32-MG levels. This study
showed that among NHL patients, patients with
increased B2-MG levels had higher risk of
death, with an HR of 2.71 (95% Cl: 1.91~3.85),
than patients with normal B2-MG levels. Thus,
an increased B2-MG level is an independent
risk factor for the prognostic survival of NHL
patients and could be an important indicator
for determining NHL prognosis. In addition,
sensitivity analyses indicated that the results
had good stability and reliability.

100

Furthermore, the HR values extracted in this
meta-analysis were drawn from multivariate
analyses whenever possible, which eliminated
the confounding effects of other prognostic
factors on 2-MG. Meta-analysis is a quantita-
tive analysis method based on previous study
results and is greatly influenced by the quality
of the referenced studies. This study already
excluded poor-quality literature that had limited
amounts of information. However, due to its
own limitations, the meta-analysis still has vari-
ous biases. The most common bias is publica-
tion bias. However, the influence of publication
bias in this study is limited, and the conclusions
are reliable. Technique bias is another impor-
tant bias in this study. The different detection
methods and evaluation standards for measur-
ing B2-MG might result in large differences in
threshold values. Therefore, a uniform criterion
is needed for standardizing $2-MG studies to
reduce bias caused by technique.

Int J Clin Exp Med 2015;8(3):3992-3999
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The latest lymphoma classification, the 2008
WHO classification, lists over 80 different forms
of lymphomas in four broad groups, most of the
literatures included in the present study have
been published before 2008, which did not pro-
vided the classification data. Therefore, in the
present study, we did not analyze the prognosis
value of B2-MG in different classification. This
is a limitation of our study.

In summary, the influence of B2-MG on the
prognosis of NHL still requires more informa-
tion, more detailed data, and more standard-
ized experimental techniques to further evalu-
ate and confirm our results. If more detailed
clinical staging and therapeutic regimen data
could be made available for stratified analyses,
then the results would be more credible and
more convincing.
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