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Purpose We aimed to investigate the prognostic value of serum B2-microglobulin for patients with Burkitt lymphoma (BL) and to
propose a risk-stratifying classification system.

Materials and Methods A prospective registry-based cohort study of BL patients treated with dose-intensive or effective dose-
adjusted chemotherapies (n=81) was conducted. Survival outcomes were compared based on previously reported risk groups and/
or serum B2-microglobulin levels. A risk-stratifying classification system incorporating serum B2-microglobulin levels was proposed
and validated in an independent validation cohort (n=60).

Results The median age was 47 years, and 57 patients (70.4%) were male. Patients with high serum B2-microglobulin levels (> 2
mg/L) had significantly worse progression-free survival (PFS) and overall survival (OS) (p < 0.01 for both). Serum B2-microglobulin
levels further stratified patients in the low-risk and high-risk groups in terms of PFS (p=0.010 and p=0.044, respectively) and OS
(p=0.014 and p=0.026, respectively). Multivariate analyses revealed that a high serum B2-microglobulin level (> 2 mg/L) was
independently associated with a shorter PFS (hazards ratio [HR], 3.56; p=0.047) and OS (HR, 4.66; p=0.043). The new classification
system incorporating the serum B2-microglobulin level allowed the stratification of patients into three distinct risk subgroups with
B-year OS rates of 100%, 89.5%, and 62.5%. In an independent cohort of BL, the system was validated by stratifying patients with
different survival outcomes.

Conclusion Serum B2-microglobulin level is an independent prognostic factor for BL patients. The proposed B2-microglobulin-based
classification system could stratify patients with distinct survival outcomes, which may help define appropriate treatment approaches
for individual patients.
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Introduction study reported age, Eastern Cooperative Oncology Group
(ECOG) PS, LDH, and central nervous system involvement as

Burkitt lymphoma (BL) is a rare type of non-Hodgkin lym- independent prognostic factors for the survival outcomes of
phoma of B cell origin that features highly aggressive biologi- patients with BL [6]. Based on the known prognostic factors,
cal and clinical behavior [1,2]. The molecular hallmark of BL risk-adapted treatment approaches with dose adjustment
is a MYC translocation, which results in an extremely high have been proposed to effectively treat high-risk patients
rate of cellular proliferation. BL is highly sensitive to chem- with dose-intensified regimens while minimizing treatment-
otherapy and can potentially be cured with high-intensity related toxicities in low-risk patients by reducing the chemo-
chemotherapy regimens [1,2]. therapeutic dose intensity [10,11]. In this strategy, the stage
Despite the highly aggressive biological behavior of BL, of the disease, serum LDH levels, ECOG PS, and the pres-
the patterns of disease involvement and clinical course show ence of bulky disease are taken into consideration to classify
substantial heterogeneity [1-4]. Population-based studies patients into low- and high-risk groups. However, the absen-
have identified several risk factors for a poor outcome among ce of a validated prognostic scoring system for patients with
patients with BL, such as older age, advanced stage, Afri- BL warrants further investigation into additional prognostic
can ancestry, poor performance status (PS), and high levels factors and the development of risk-stratifying models for

of lactate dehydrogenase (LDH) [5-9]. A recent multicenter these patients.
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p2-microglobulin is a small protein that is an essential part
of major histocompatibility complex class I molecules, and
its serum levels can be elevated under various pathologic
conditions. Elevated serum (2-microglobulin levels have
been shown to be associated with poor clinical outcomes
in various types of lymphoma [12-14], suggesting potential
biological roles in the development and progression of lym-
phomatous disease. In particular, the p2-microglobulin level
was shown to be a strong prognostic factor in high-grade
non-Hodgkin lymphoma [15]. However, the prognostic value
of p2-microglobulin has not been specifically investigated in
patients with BL.

In this study, using two independent BL cohorts, we aimed
to investigate the prognostic value of p2-microglobulin and
to propose a risk-stratifying classification based on serum f2-
microglobulin levels.

Materials and Methods

1. Study patients and diagnosis of BL

The study patients were identified from a prospective reg-
istry of lymphoma patients at Asan Medical Center (Seoul,
Korea) (Asan Lymphoma Registry). Between May 2004 and
March 2020, 103 patients were diagnosed as having BL based
on both histologic and immunophenotypic findings. After
excluding patients with no baseline serum p2-microglobulin
value (n=10) and those who did not receive dose-intensive
or effective dose-adjusted chemotherapies (n=12), 81 pati-
ents were included as the main study population (training
cohort). Data such as patient characteristics and survival out-
comes were obtained from the prospectively collected data-
base and electronic medical record system of the institution.

The validation cohort was constructed based on 60 BL
patients who were treated with intensive chemotherapy
regimens and had a baseline serum B2-microglobulin value
recorded at Samsung Medical Center between February 2000
and December 2019.

The diagnosis of BL was confirmed by experienced patho-
logists from each institution (C.S.P, J.H., and Y.H.K) based
on morphological characteristics and immunohistochemi-
cal features, including CD10, CD20, Bcl-6, Bcl-2, and Ki-67
expression. Chromosomal translocations such as t(8;14),
t(8;22), and t(2;8), and c-Myc overexpression, were assessed
based on karyotyping and fluorescence in situ hybridization.

2. Chemotherapy regimens

The dose-intensive or dose-adjusted chemotherapy regi-
mens used were as follows: (1) brief-duration high-intensity
chemotherapy regimen consisting of one cycle of cyclophos-
phamide and prednisone followed by cycles containing ifos-
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famide; high-dose methotrexate, vincristine, dexamethasone,
and either doxorubicin or etoposide/ cytarabine; or intrathe-
cal triple therapy (B-NHL) [16]; (2) hyper-fractionated cyclo-
phosphamide, vincristine, doxorubicin, and dexamethasone
with rituximab (R-HyperCVAD) [17] or without rituximab
(HyperCVAD); (3) dose-adjusted infusional etoposide, doxo-
rubicin, and vincristine with prednisone, cyclophosphamide,
and rituximab (DA-EPOCH-R) [18]; (4) cyclophosphamide,
vincristine, prednisone, doxorubicin and high-dose metho-
trexate (COPADM); and (5) the LMB protocol where CO-
PADM is delivered in the induction phase, and the consoli-
dation phase is maintained with high-dose methotrexate and
cytarabine [19].

3. Serum p2-microglobulin levels

Serum p2-microglobulin values were obtained as part of
regular clinical practice for lymphoma staging work-up.
Serum p2-microglobulin was measured using a radioimmu-
noassay kit (Immunotech, Inc., Prague, Czech Republic). The
kit manufacturer defined the upper normal limit of serum
B2-microglobulin as 2.5 mg /L.

4. Classification of risk groups

The low-risk group was defined as patients having stage
I/1I disease, normal LDH levels, ECOG PS of < 1, and non-
bulky disease (tumor mass with a diameter of < 7 cm) [11],
whereas the high-risk group was defined as patients who did
not meet the low-risk group criteria [10,11].

5. Statistical analysis

Statistical analyses were performed using R software ver.
3.4.1 (R Foundation for Statistical Computing, Vienna, Aus-
tria). Progression-free survival (PFS) was defined as the time
interval from the time of initial diagnosis (index date) to the
date of disease progression [20] or death. Overall survival
(OS) was defined as the time interval between the index date
and the date of death from any cause. The Kaplan-Meier
method was used to estimate survival outcomes, and the
log-rank test was used to compare these survival outcomes
among the subgroups. The maximal chi-square method
was used to determine the optimal cut-off value of serum
B2-microglobulin that best segregated the PFS outcomes.
Univariate and multivariate analyses of PFS and OS were
performed using Cox proportional hazards models. The exa-
mined variables included serum p2-microglobulin levels,
age, sex, and previously known prognostic factors for BL,
such as age, sex, stage, serum LDH levels, presence of bulky
disease, and ECOG PS. In multivariate analyses, variables
with a potential relationship (p < 0.05) in the univariate
analyses were included. A p-value of < 0.05 was considered
statistically significant.
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Table 1. Clinical characteristics of the patients

. Training Validation
Variable cohort (n=81) cohort (n=60)
Age (yr) 47 (16-82)  52.5 (18-84)
Age > 65 yr 13 (16.0) 10 (16.7)
Male sex 57 (70.4) 42 (70)
ECOG PS

0 9(11.1) 10 (16.7)
1 56 (61.5) 31 (51.7)
2 14 (17.3) 19 (31.6)
3/4 2(2.5) 0
HIV infection 2(2.5) 2 (3.6)2
Stage
I 10 (12.3) 6(10.0)
I 8(9.9) 9 (15.0)
i} 1(1.2) 5(8.3)
I\Y% 62 (76.5) 40 (66.7)
Bulky disease 7 (8.6) 1(1.7)
Risk group
Low 16 (19.8) 9 (15.0)
High 65 (80.2) 51 (85.0)
LDH > UNL 55 (67.9) 45 (75.0)

B2-microglobulin (mg/dL) 2.3(0.76-22.2) 2.7 (1.11-22.5)

Values are presented as median (range) or number (%). ECOG,
Eastern Cooperative Oncology Group; HIV, human immuno-
deficiency virus; LDH, lactate dehydrogenase; PS, performance
status; UNL, upper normal limit. “Data of 56 patients were avail-
able.

Results

1. Patient characteristics

The baseline characteristics of 81 study patients with
BL in the training cohort are summarized in Table 1. Their
median age was 47 years (range, 16 to 82 years), and 57
patients (70.4%) were male. There were nine (11.1%), 56
(61.5%), 14 (17.3%), and two (2.5%) patients with an ECOG
PS of 0, 1, 2, and 3 or 4, respectively. In addition, two
patients (2.5%) were infected with human immunodeficien-
cy virus. Stage IV disease (n=62, 76.5%) was the most preva-
lent, followed by stage I (n=10, 12.3%), stage II (n=8, 9.9%),
and stage III (n=1, 1.2%). The majority of patients (n=65,
80.2%) were classified as the high-risk group, and 16 (19.8%)
patients were classified as the low-risk group. Median serum
LDH and p2-microglobulin levels were 395 IU/L (range, 139
to 18,822 TU/L) and 2.3 mg/dL (range, 0.76 to 22.2 mg/dL),
respectively. All of the study patients received dose-intensive
or effective dose-adjusted chemotherapies; B-NHL was the
most frequently used regimen (n=37, 45.7%), followed by
R-HyperCVAD (n=28, 34.6%) and DA-EPOCH-R (n=16,

19.8%).

Patients in the validation cohort had comparable baseline
characteristics. The chemotherapy regimens used for the
patients in the validation cohort were as follows: R-HyperC-
VAD (n=29, 48.3%), LMB protocol (n=25, 41.7%), COPADM
(n=4, 6.7%), and HyperCVAD (n=2, 3.3%).

2. Clinical characteristics and survival outcomes according
to the serum p2-microglobulin levels

We first compared the clinical outcomes of the study
patients according to risk groups. There was no significant
difference in the treatment regimens between the low-risk
and high-risk groups (p=0.239) (S1 Table). In comparison
with the low-risk group, the high-risk group showed a trend
toward a shorter PFS and OS (p=0.084 and p=0.130, respec-
tively) (Fig. 1A).

We examined the clinical characteristics and outcomes
of the subgroups of BL patients according to their serum
B2-microglobulin levels (Table 2). In this regard, we adopt-
ed a hot-spot cut-off value of 2 mg/L that best segregated
the PFS outcomes. Patients with higher levels of serum p2-
microglobulin (the high-B2MG group) were significantly
older than those with lower levels (the low-B2MG group)
(median age, 53 vs. 38.5 years; p=0.014). The proportion of
patients with bulky disease was comparable between the
two groups. However, the high-B2MG group had signifi-
cantly more patients with elevated serum LDH (82.0% vs.
45.2%, p=0.001) and stage III/IV disease (92.0% vs. 51.6%,
p <0.001) (Table 2).

A comparison of the survival outcomes of the entire
cohort revealed the significantly shorter PFS and OS of the
high-B2MG group (p=0.002 and p=0.001, respectively) com-
pared with the low-B2MG group (Fig. 1B). When the study
patients were further classified based on their different
p2-microglobulinlevels (i.e., f2-microglobulin<2.0mg/L; 2.0
mg/L < B2-microglobulin < 2.5 mg/L; and f2-microglobulin
> 2.5 mg/L), patients with a f2-microglobulin level of > 2.0
mg/Lbut < 2.5 mg/L had a PFS and OS that were compara-
ble to those with a 2-microglobulin level of > 2.5 mg/L, but
inferior to those with a p2-microglobulin level of < 2.0 mg/L
(S2 Fig.).

3. Survival outcomes of patients in the low- and high-risk
groups according to their serum p2-microglobulin levels
In the low-risk group, 12 patients (75.0%) had low serum
B2-microglobulin levels (< 2 mg/L), whereas four patients
(25.0%) had high serum f2-microglobulin levels (> 2 mg/L).
In the high-risk group, 46 patients (70.8%) had low serum
B2-microglobulin levels, whereas 19 patients (29.2%) had
high serum B2-microglobulin levels. In the low-risk group,
patients with p2-microglobulin levels of > 2 mg/L had sig-
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Fig. 1. Survival outcomes according to risk groups and serum p2-microglobulin (B2M) levels: progression-free survival and overall survival
according to risk groups (A) and serum B2M levels (B).

Table 2. Clinical characteristics according to serum B2MG levels

Variable Low-B2MG group (n=31) High-B2MG group (n=50) p-value
Age (yr) 38.5 (28.5-47.5) 53.0 (30.0-64.0) 0.014
Male sex 20 (64.5) 37 (74.0) 0.510
Bulky disease 2 (6.5) 5(10.0) 0.844
Risk group 0.002
Low 12 (38.7) 4 (8.0)
High 19 (61.3) 46 (92.0)
LDH > UNL 14 (45.2) 41 (82.0) 0.001
ECOGPS=>2 1(3.2) 15 (30.0) 0.008
Stage III/IV 16 (51.6) 46 (92.0) <0.001

Values are presented as median (interquartile range) or number (%). B2MG, p2-microglobulin; ECOG, Eastern Cooperative Oncology
Group; LDH, lactate dehydrogenase; PS, performance status; UNL, upper normal limit.
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Fig. 2. Survival outcomes of patients with different serum $2-microglobulin (B2M) levels in different risk groups. Progression-free survival
and overall survival according to the serum B2M levels in the low-risk group (A) and high-risk group (B). (C) Survival outcomes were
compared between low-risk group patients with serum B2M levels of > 2.0 mg/L and high-risk group patients.
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Table 3. Factors associated with progression-free survival and overall survival

Progression-free survival

Variable Univariate

HR 95% CI) p-value

B2MG >2 mg/dL 5.65 (1.69-18.90)  0.005
Age > 65 yr 2.68 (1.11-6.45) <0.001 2.43(0.98-6.01)
Male sex 0.91(0.39-2.12)  0.833 -

Stage III/IV 4.50 (10.06-19.11)  0.042 -
LDH > UNL 2.33(0.87-6.20)  0.092 -
Bulky disease 0.95 (0.22-4.03) 0.095 -

ECOGPS>2 5.64 (2.54-12.53) < 0.001

— o~~~ I~~~

Multivariate
HR (95% CI)
3.56 (1.02-12.45)  0.047

4.35 (1.89-10.02) < 0.001

Overall survival
Univariate Multivariate
HR (95% CI) p-value HR (95% CI) p-value

7.66(1.79-32.82)  0.006  4.66 (1.04-20.85) 0.043
0.055 3.33(1.34-826) 0.010 3.02(1.17-7.79)  0.021
- 0.77(0.32-1.83)  0.548 - -

- 3.80(0.89-16.27)  0.072 - -

- 2.64(0.89-7.81)  0.080 - -

- 1.10 (0.26-4.72)  0.896 - -
5.90 (2.52-13.82) <0.001  4.50 (1.84-10.99) <0.001

p-value

B2MG, 2-microglobulin; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazards ratio; LDH, lactate dehydro-

genase; PS, performance status; UNL, upper normal limit.

nificantly shorter PFS and OS (Fig. 2A) (p=0.010 and p=0.001,
respectively). Notably, neither disease progression nor death
events were observed in the low-risk group among patients
with low serum B2-microglobulin levels (< 2 mg/L). Simi-
larly, in the high-risk group, high serum p2-microglobulin
levels (> 2 mg/L) were associated with a significantly short-
er PFS and OS (Fig. 2B) (p=0.044 and p=0.026, respectively).
When we compared survival outcomes between low-risk
patients with elevated serum B2-microglobulin and high-risk
patients, there was no significant difference in PFS and OS
(p=0.730 and p=0.530, respectively) (Fig. 2C). PFS and OS
were also comparable among patients who received different
chemotherapy regimens (p=0.760 and p=0.940, respectively).

4. Multivariate analyses for PFS and OS

We performed Cox regression analyses for PFS and OS
(Table 3). Multivariate analyses revealed that a serum f2-
microglobulin level of > 2 mg/L was independently associ-
ated with a shorter PFS (hazard ratio [HR], 3.56; 95% confi-
dence interval [CI], 1.02 to 12.45; p=0.047) and OS (HR, 4.66;
95% CI, 1.04 to 20.85; p=0.043). Older age (> 65 years) was
marginally associated with a shorter PFS (HR, 2.43; 95% CI,
0.98 to 6.01; p=0.055), whereas poor PS (ECOG PS = 2) was
an independent negative prognostic factor for PFS (HR, 4.35;
95% CI, 1.89 to 10.02; p < 0.001). Both older age (> 65 years)
and poor PS (ECOG PS = 2) were independently associated
with a shorter OS (HR, 3.02; 95% CI, 1.17 to 7.79; p=0.021 and
HR, 4.50; 95% CI, 1.84 to 10.99; p < 0.001, respectively).

5. Proposal of a novel risk stratification classification incor-
porating serum f2-microglobulin

Considering the ability of serum f2-microglobulin levels to
stratify BL patients with distinct clinical outcomes, we pro-
posed a new risk stratification classification system with dis-
tinct survival outcomes (Fig. 3A): (1) a low-risk group with

852 CANCER RESEARCH AND TREATMENT

serum B2-microglobulin levels of < 2 mg/L with 5-year PFS
and OS rates of 100% (95% CI, 100 to 100) and 100% (95%
CI, 100 to 100), respectively (minimal risk subgroup); (2) a
high-risk group with serum p2-microglobulin levels of < 2
mg/L with 5-year PFS and OS rates of 83.1% (95% CI, 67.2 to
100) and 89.5% (95% CI, 76.7 to 100), respectively (the inter-
mediate risk subgroup), and (3) any-risk group with serum
B2-microglobulin levels of > 2 mg/L with 5-year PFS and OS
rates of 59.0% (95% CI, 46.6 to 74.7) and 62.5% (95% CI, 50 to
78.2), respectively (the highest risk subgroup). Patients in the
three new risk subgroups showed statistically different PFS
and OS (p < 0.01 for both).

To validate the generalizability of our classification sys-
tem, we used it for patients in the validation cohort (Fig.
3B). Similarly, the system was able to stratify patients with
different PFS and OS (p=0.036 and p=0.026, respectively).
Patients in the minimal, intermediate, and highest risk sub-
groups showed 5-year PFS rates of 100% (95% CI, 100 to 100),
85.1% (95% CI, 68.3 to 100), and 48.7% (95% CI, 35.1 to 67.5),
respectively. The 5-year OS rates for the minimal, intermedi-
ate, and highest risk subgroups were 100% (95% CI, 100 to
100), 92.9% (95% CI, 80.3 to 100), and 53.9% (95% CI, 40.2 to
72.3), respectively.

Discussion

In the current study, we investigated the clinical value
of serum B2-microglobulin for the risk stratification of BL
patients. To the best of our knowledge, this study is the first
to highlight the level of serum p2-microglobulin as a robust
prognosticator for patients with BL. Our B2-microglobulin-
based stratification of risk subgroups raises an important
question regarding the application of dose adjustment of
chemotherapy for patients with BL. The clinical value of this
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Fig. 3. Survival outcomes in subgroups determined by a novel serum B2-microglobulin (B2M)-based risk stratification system. Progres-
sion-free survival and overall survival of low-risk group patients with serum B2M levels of < 2 mg/L, high-risk group patients with serum
B2M levels of < 2 mg/L, and any-risk group patients with serum B2M levels of >2 mg/L in the training cohort (A) and validation cohort

(B).

study is considerably improved by the validation of our risk-
stratifying system in an independent cohort.

The prognostic value of serum p2-microglobulin has been
widely investigated in various types of lymphoprolifera-
tive disorders such as extranodal natural killer/ T cell lym-
phoma [13], non-gastric mucosa-associated lymphoid tissue
lymphoma [14], follicular lymphoma [21], diffuse large B

cell lymphoma [22], Hodgkin lymphoma [23], and multiple
myeloma [24]. Owing to its robustness as a prognosticator,
serum B2-microglobulin has been incorporated into the prog-
nostic staging system for multiple myeloma and follicular
lymphoma [21,24]. In agreement with these findings, serum
p2-microglobulin was found to be an independent prognos-
ticator in our BL cohort.
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The exact mechanism linking p2-microglobulin to the poor
clinical outcomes of patients with various lymphoprolif-
erative diseases remains poorly understood. In our analy-
ses, high serum B2-microglobulin levels were associated
with a more advanced disease status and reflected a higher
tumor burden represented by elevated serum LDH. This is
consistent with the findings of previous studies showing
an association between elevated serum p2-microglobulin
levels and a higher tumor burden [13,25]. Notably, the cut-
off value of B2-microglobulin was 2.0 mg/L (identified
as the best prognostic segregator in the training cohort),
which was lower than the upper normal limit of serum p2-
microglobulin (2.5 mg/L). This suggests that only a slight
increase in the P2-microglobulin value may reflect the
aggressive biological and clinical features of BL. Indeed,
patients with a B2-microglobulin level of >2.0 mg/Lbut < 2.5
mg/L showed survival outcomes comparable to those with
a B2-microglobulin level of > 2.5 mg/L, but inferior to those
with a p2-microglobulin level of < 2.0 mg/L. These results
suggest that adopting a f2-microglobulin cut-off of 2.0 mg/L
would be more reasonable in terms of stratifying BL patients
with distinct survival outcomes. Unlike LDH, for which
the upper normal limit varies widely due to different assay
methods yielding different results, the quantification of p2-
microglobulin levels is generally considered standardized.
Indeed, the International Staging System for the staging of
multiple myeloma adopts B2-microglobulin levels as a con-
tinuous variable [24] with cut-off values of 3.5 mg/L and 5.5
mg/L, rather than the upper normal limit (2.5 mg/L). Nev-
ertheless, our cut-off value of 2 mg/L will need to be further
validated in cohorts from other institutions employing dif-
ferent f2-microglobulin assay methods.

Importantly, our study demonstrated the ability of serum
p2-microglobulin levels to further stratify the clinical out-
comes of patients in addition to known risk stratification
criteria that were originally developed for selecting different
chemotherapeutic dose intensities [11,26]. The risk-stratifying
criteria were proposed based on the International Prognostic
Index and the presence of bulky disease [26]. Subsequently,
a recent phase 2 study of risk-adapted DA-EPOCH-R adopt-
ed this classification system for patient stratification and
allocation to different chemotherapeutic intensities [11].
Although each factor comprising this risk-stratifying crite-
rion was shown to be prognostic in patients with BL [5-9],
to our knowledge, the validity of the previously suggested
system has not been thoroughly confirmed as a robust prog-
nostic index for BL patients. Since the chemotherapy regi-
mens were not significantly different between the different
risk groups based on the previously suggested criteria, no
definite difference in our study in the survival outcomes
of patient subgroups based on these criteria indicates that
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they have room for improvement. Our results suggest that
additional incorporation of the 2-microglobulin level may
be one of the feasible options to improve the risk stratifica-
tion of BL patients.

Our results showed that patients in the low-risk group
with elevated serum p2-microglobulin levels exhibited clini-
cal outcomes comparable to those of patients in the high-
risk group, suggesting that extreme caution should be taken
when treating these patients. Therefore, additional studies
are required to confirm whether serum p2-microglobulin lev-
els are elevated in low-risk group patients with poor clini-
cal outcomes in other BL cohorts. This is important given
that a fair proportion (25%) of patients in our study in the
low-risk group had elevated serum B2-microglobulin lev-
els. On the other hand, serum B2-microglobulin was able to
significantly stratify patients in the high-risk group in terms
of PFS and OS. This suggests that high-risk group patients
with low serum B2-microglobulin levels may be treated with
less intense chemotherapeutic regimens, which may lead to
reduced acute treatment-related morbidities such as severe
myelosuppression or long-term sequelae such as cognitive
dysfunction, secondary malignancy, and disabling neuropa-
thy [27,28].

Considering the strong prognostic impact of serum f2-
microglobulin levels, we proposed a new classification
system that could stratify patients into three distinct risk
subgroups with 5-year OS rates of 100%, 89.5%, and 62.5%.
Importantly, the risk-stratifying ability of our system was
well validated in an independent cohort, with 5-year OS
rates of 100%, 92.9%, and 53.9% for the risk subgroups. Our
newly proposed risk-stratifying system should be further
investigated in the context of risk-adapted therapy with dose
adjustment. The optimization of therapeutic strategies, inclu-
ding the chemotherapeutic regimen and dose intensity for the
re-classified patients (i.e., the low-risk group with elevated
serum B2-microglobulin levels and the high-risk group with
low serum B2-microglobulin levels) is a topic of particular
interest. From a practical point of view, the level of serum p2-
microglobulin is easily determined with excellent reproduc-
ibility, and our results suggest that serum B2-microglobulin
level measurements in daily practice may guide treatment
decisions and the prediction of clinical outcomes. However,
the retrospective nature of our study and the relatively small
number of patients, may limit the interpretation and gener-
alizability of our data.

In conclusion, the serum P2-microglobulin level is an
independent prognostic factor, which allows for further risk
stratification of BL patients. This risk-stratifying classifica-
tion system incorporating the serum p2-microglobulin level
may be useful in stratifying BL patients with distinct survival
outcomes. This classification system warrants further inves-
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tigation in future studies dealing with the issue of applying
risk-adapted treatment approaches with dose adjustment.
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