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Introduction

Extranodal natural killer/T-cell lymphoma (ENKTL) is a 
rare subtype of mature T/natural killer (NK) cell lymphoma 
characterized by a strong association with Epstein-Barr virus 
(EBV) infection and a predominant involvement pattern of 
the nasal cavity and nasopharynx [1]. Another unique fea-
ture of ENKTL is its high incidence in East Asia and Latin 
America relative to Europe and North America, probably 
due to geographic differences in EBV type and genetic sus-
ceptibility [2].

The introduction of non-anthracycline–based chemothe-
rapy including L-asparaginase has markedly improved the 
survival outcome of ENKTL patients, and it is currently used 
as standard frontline therapy [3,4]. However, substantial 
numbers of patients experience disease progression or relap-
se despite non-anthracycline‒based chemotherapy, and the 

prognosis of these patients is dismal, with a median overall 
survival (OS) of approximately 6 months [5]. Thus, identi-
fying patients with poor prognosis is essential, which may 
provide opportunities to optimize the treatment strategies 
for these patients. Recently, a Prognostic Index for Natural 
Killer Lymphoma (PINK) model was proposed, and it has 
been widely accepted as a useful prognostic model for ENK-
TL patients who were treated with non-anthracycline‒based 
therapy [6].
β-2 microglobulin (β2M) is a low molecular weight protein 

that is a component of the major histocompatibility complex 
class I antigen, and it can be seen on most nucleated cells 
[7]. It is well-known as a poor prognostic factor in numerous 
lymphoproliferative disorders [8], including ENKTL [9,10]. 
However, despite this prognostic implication of serum β2M, 
serum β2M was not evaluated as a prognostic factor when 
developing the PINK model. Thus, the prognostic value of 
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adding the serum β2M level to PINK remains a question of 
interest. In this study, we aimed to investigate the prognostic 
implications of serum β2M in patients with ENKTL treated 
with non-anthracycline‒based chemotherapy. In addition, 
we evaluated whether the addition of serum β2M to PINK 
may better stratify patients into homogeneous survival sub-
groups.

Materials and Methods

1. Study patients 
Between February 2003 and June 2018, 211 patients who 

were newly diagnosed with ENKTL were identified in the 
database of the Asan lymphoma Registry, Asan Medical 
Center, Seoul, South Korea. The diagnosis was confirmed by 
an experienced pathologist according to the World Health 
Organization classification [11]. To focus on the prognostic 
implications of serum β2M in patients who were treated with 
non-anthracycline‒based chemotherapy, we excluded pati-
ents whose serum β2M level was not available at the time of 
diagnosis (n=40), who had been treated with anthracycline-
based chemotherapy (n=40), or who did not receive any anti-
cancer treatment (n=12). As a result, a total of 138 patients 
were included in the analysis as a training cohort. We ret-
rospectively reviewed the medical records of the included  
patients and collected data including age, sex, Eastern Coop-
erative Oncology Group (ECOG) performance status (PS), the 
sites of disease involvement, treatment pattern, and survival 
outcomes. Ann Arbor staging was used for disease staging. 
The nasal and non-nasal types were categorized based on 
the involvement of the nasal area, including the nasal cav-
ity, nasopharynx, paranasal sinuses, tonsils, hypopharynx, 
and larynx. Lymph node (LN) involvement was subdivided 
as regional or distant involvement. Regional LN involve-
ment was defined as invasion of the LN region correspond-
ing to the primary lesion and distant LN involvement was  
defined as involvement beyond regional LN. The independ-
ent validation cohort was recruited from the Samsung Medi-
cal Center, Seoul, South Korea. The inclusion and exclusion 
criteria were the same as the training cohort, and a total of 88 
patients were included as a validation cohort.

2. Measurement of serum β2M
A radioimmunoassay kit (Immunotech, Inc., Prague, Czech  

Republic) was used to measure serum β2M in both the train-
ing and validation cohort (reference range, 1.0 to 2.4 mg/L). 
β2M was measured as follows. Serum samples were collected 
in tubes with EDTA and separated from cells by centrifuga-
tion within 3 hours after collection. Then, the serum sample, 
50 µL of the calibrator and 500 µL of tracer (148 kBq 125I-

labeled β2M in buffer with bovine serum albumin, sodium 
azide [< 0.1%], and a dye) were sequentially added to anti-
β2M monoclonal antibody-coated tubes and mixed. Then, 
incubation was carried out for 90 minutes at 18-25°C with 
shaking (> 280 rpm). After incubation, the supernatants were 
discarded, and the bound radioactivity of the precipitates 
was determined using a gamma counter. A standard curve 
was constructed and the serum β2M levels were measured 
from the curve by interpolation [12]. 

3. Classification of risk groups based on PINK 
PINK is based on four risk factors: age greater than 60, Ann 

Arbor stage III or IV, involvement of distant LN, and non-
nasal type. Low-, intermediate-, and high-risk groups were 
classified according to the sum of the number of risk factors 
(0, low risk; 1, intermediate risk; 2/3/4, high risk) [6].

4. Statistical analysis
A chi-square test or Fisher exact test was used to analyze 

the correlation between categorical variables. OS was defi-
ned as the time from the date of diagnosis to death from any 
cause. Progression-free survival (PFS) was defined as the 
time from the diagnosis to the date of disease progression or 
death, whichever occurred first. OS and PFS were estimat-
ed by the Kaplan-Meier method, and the log-rank test was 
used to compare the OS or PFS between the risk groups. To 
determine the optimal cut-off value for serum β2M to most 
accurately predict the OS outcomes, the maximal chi-square 
method was used [13]. Univariate analysis and multivariate 
analysis of OS and PFS were performed using a Cox pro-
portional hazards model. In univariate analysis, sex, ECOG 
PS, age, Ann Arbor stage, nodal involvement status, nasal  
involvement status, serum lactate dehydrogenase (LDH), 
and serum β2M levels were included. In the multivariate 
analysis, variables exhibiting a potential association with 
survival (p < 0.2) in the univariate analysis were included, 
and a backward elimination strategy was applied. To com-
pare the performance of the prognostic models, we used 
Harrel’s concordance index (C-index) and Akaike’s Informa-
tion Criterion (AIC). A p-value less than 0.05 was regarded 
as statistically significant in all analyses. All analyses were 
carried out with statistical software package R ver. 4.0.5 (R 
foundation for statistical Computing, Vienna, Austria). 

Results

1. Baseline characteristics of the included patients
The baseline characteristics of the patients in the train-

ing cohort (n=138) are described in Table 1. The median age 
was 53.5 years (range, 19 to 80 years) and 86 patients (62.3%) 
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were male. Most of the patients had a good PS (ECOG PS 0 
or 1, n=93) and nasal type disease (n=114, 82.6%). Accord-
ing to PINK, 57 (41.3%), 37 (26.8%), and 44 (31.9%) patients 

were classified as low-, intermediate-, and high-risk groups, 
respectively. The most commonly used chemotherapy regi-
men was VIDL (etoposide, ifosfamide, dexamethasone, and 

Table 1.  Baseline characteristics of the included patients 

	 Total	 Low β2M 	 High β2M   	
p-value

	 (n=138)	 (< 4.1) (n=112)	  (≥ 4.1) (n=26)

Age (yr)	 			 
    ≤ 60	 94 (68.1)	 77 (68.8)	 17 (65.4)	 0.740
    > 60	 44 (31.9)	 35 (31.2)	 9 (34.6)	
    Median (range)	 53.5 (19-80)	 53.5 (19-80)	 54 (25-79)	 0.682
Sex				  
    Male 	 86 (62.3)	 71 (63.4)	 15 (57.7)	 0.589
    Female	 52 (37.7)	 41 (36.6)	 11 (42.3)	
ECOG PS				  
    0 or 1	 129 (93.5)	 109 (97.3)	 20 (76.9)	 0.001
    ≥ 2	 9 (6.5)	 3 (2.7)	 6 (23.1)	
Ann Arbor stage				  
    I or II	 93 (67.4)	 83 (74.1)	 10 (38.5)	 0.001
    III or IV 	 45 (32.6)	 29 (25.9)	 16 (61.5)	
Lymph node involvement				  
    None/Regional	 99 (71.7)	 90 (80.4)	 9 (34.6)	 < 0.001
    Distant	 39 (28.3)	 22 (19.6)	 17 (65.4)	
Non-nasal type				  
    No	 114 (82.6)	 96 (85.7)	 18 (69.2)	 0.080
    Yes	 24 (17.4)	 16 (14.3)	 8 (30.8)	
Bone marrow involvement				  
    No	 123 (89.8)	 104 (93.7)	 19 (73.1)	 0.006
    Yes	 14 (10.2)	 7 (6.3)	 7 (26.9)	
Serum LDH				  
    Normal 	 78 (56.9)	 76 (68.5)	 2 (7.7)	 < 0.001
    Elevated	 59 (43.1)	 35 (31.5)	 24 (92.3)	
Serum creatinine				  
    Normal (< 1.5 mg/dL) 	 137 (99.2)	 112 (100)	 25 (96.1)	 0.188
    Elevated (≥ 1.5 mg/dL) 	 1 (0.7)	 0 (	 1 (3.8)	
Epstein-Barr virus DNA in blood				  
    Detectable	 71 (51.4)	 49 (43.7)	 22 (84.6)	 < 0.001
    Non-detectable	 61 (44.2)	 58 (51.7)	 3 (11.5)	
    Unknown 	 6 (4.3)	 5 (4.5)	 1 (3.8)	
Primary treatment				  
    Chemotherapy alone	 56 (40.6)	 37 (33.0)	 19 (73.1)	 < 0.001
    CCRT alone 	 11 (7.97)	 10 (8.9)	 1 (3.8)	
    CCRT followed by chemotherapy 	 71 (51.4)	 65 (58.0)	 6 (23.1)	
PINK risk group				  
    PINK low	 57 (41.3)	 52 (46.4)	 5 (19.2)	 < 0.001
    PINK intermediate	 37 (26.8)	 33 (29.5)	 4 (15.4)	
    PINK high	 44 (31.9)	 27 (24.1)	 17 (65.4)	
Extranodal involvement				  
    0 or 1 	 92 (66.6)	 82 (74.5)	 10 (35.7)	 < 0.001
    ≥ 2 	 46 (33.3)	 28 (25.5)	 18 (64.3)	
(Continued to the next page)
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Table 1.  Continued

	 Total	 Low β2M 	 High β2M   	
p-value

	 (n=138)	 (< 4.1) (n=112)	  (≥ 4.1) (n=26)

Chemotherapy regimena)

    SMILE	 35 (25.3)	 22 (19.6)	 13 (50.0)	 0.012
    VIDL	 67 (48.5)	 59 (52.7)	 8 (30.8)	
    VIPD	 15 (10.8)	 13 (11.6)	 2 (7.7)	
    MIDLE	 4 (2.89)	 4 (3.6)	 0 (	
    IMEP	 3 (2.1)	 3 (2.7)	 0 (	
    DeVIC	 1 (0.72)	 1 (0.9)	 0 (	
    DHAP	 1 (0.72)	 0 (	 1 (3.8)	
    ESHAP	 1 (0.72)	 0 (	 1 (3.8)	
Values ae presented as number (%) or median (range). β2M, serum β-2 microglobulin; CCRT, concurrent chemoradiotherapy; ECOG, Eastern 
Cooperative Oncology Group; LDH, lactate dehydrogenase; PINK, Prognostic Index for Natural Killer Lymphoma; PS, performance status. 
a)Chemotherapy regimen abbreviations: SMILE, corticosteroid, methotrexate, ifosfamide, L-asparaginase, and etoposide; VIDL, etoposide, 
ifosfamide, dexamethasone, and L-asparaginase; VIPD, etoposide, ifosfamide, cisplatin, and dexamethasone; MIDLE, methotrexate, ifos-
famide, dexamethasone, L-asparaginase, and etoposide; IMEP, ifosfamide, methotrexate, etoposide, and prednisolone; DeVIC, dexametha-
sone, etoposide, ifosfamide, and carboplatin; DHAP, dexamethasone, cisplatin, and cytarabine; ESAHP, etoposide, corticosteroid, cytara-
bine, and cisplatin.
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Fig. 1.  Overall survival (A) and progression-free survival (B) for all patients. Overall survival (C) and progression-free survival (D) accord-
ing to serum β-2 microglobulin (β2M) 4.1 mg/L.
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L-asparaginase) (n=67, 48.5%), followed by SMILE (corticos-
teroid, methotrexate, ifosfamide, L-asparaginase, and etopo-
side) (n=35, 25.3%) and VIPD (etoposide, ifosfamide, cispl-
atin, dexamethasone) (n=15, 10.8%). 

2. Characteristics based on serum β2M levels
The cut-off value of serum β2M was determined as 4.1 

mg/L using the maximal chi-square method, and the base-
line characteristics of the patients with high (≥ 4.1 mg/L, 
n=26) and low (< 4.1 mg/L, n=112) serum β2M were com-
pared. The proportions of patients with ECOG PS 2-4 (23.1% 
of 26, p=0.001), stage III or IV (61.5% of 26, p=0.001), dis-
tant LN involvement (65.4% of 26, p < 0.001), bone marrow  
involvement (26.9% of 26, p=0.006), and elevated serum 
LDH (92.3%, p < 0.001) were significantly higher in the high-
serum β2M group compared to the low-serum β2M group. In 
the low serum β2M group, more patients received concurrent 
chemo-radiotherapy (n=75) compared with the high-serum 
β2M group (n=7) (p < 0.001).

3. Survival outcomes and factors associated with OS and 
PFS

With a median follow-up duration of 8.0 years among 
the surviving patients (range, 2.5 to 16.4), the median OS 
and PFS in entire patients were 11.95 years (95% confidence  
interval [CI], 4.17 to not available [NA]) and 2.32 years (95% 
CI, 1.57 to 7.41), respectively (Fig. 1A and B). Patients in the 
high serum β2M group showed significantly poor OS and 
PFS than those in the lower serum β2M group (p < 0.001 for 
both) (Fig. 1C and D).

Table 2 summarizes the results of the univariate and mul-
tivariate analyses of the potential prognostic factors for OS 
and PFS. In the multivariate analysis, a high serum β2M level 
was independently associated with both poor OS and PFS 
(vs. low; hazard ratio for OS [HR], 2.87 [95% CI, 1.58 to 5.21], 
p < 0.001; HR for PFS, 2.16 [95% CI, 1.28 to 3.66], p=0.003) 
(Table 2). Other variables that showed an independent  
association with a worse OS were age ≥ 60 (vs. < 60; HR, 1.87 
[95% CI, 1.10 to 3.18], p=0.019), Ann Arbor stage III or IV 
(vs. I or II; HR, 5.69 [95% CI, 2.88 to 11.22], p < 0.001), and 
non-nasal type (vs. nasal type; HR, 3.13 [95% CI, 1.56 to 6.28], 
p=0.001). Sex, ECOG PS, serum LDH, involvement of distant 
LN, and the status of B symptoms were not associated with 
OS. In the multivariate analysis for PFS, Ann Arbor stage III-
IV (vs. I or II; HR, 2.93 [95% CI, 1.83 to 4.70], p < 0.001) and 
non-nasal type (HR, 2.14 [95% CI, 1.26 to 3.65], p=0.004) were 
independent adverse prognostic factors for inferior PFS in 
addition to high serum β2M.
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4. Prognostic value of serum β2M levels in the risk groups 
determined by the PINK model

Fig. 2 shows the OS and PFS curves of the training cohort 
according to PINK. The PINK model could stratify patients 
into subgroups with different OS (Fig. 2A) and PFS (Fig. 2B) 
in the training cohort (p < 0.001 for both). We performed 
a subgroup analysis in risk groups determined by PINK  
according to the serum β2M level. In the training cohort, 
19.2% (n=5), 15.4% (n=4) and 65.4% (n=17) patients showed 
high serum β2M in the PINK low, intermediate, and high-
risk groups, respectively. There were no significant differ-
ences in OS according to the serum β2M level in the PINK 
low- and intermediate-risk groups (Fig. 3A and B); however, 
in the PINK high-risk group, the OS was significantly infe-
rior in patients with high serum β2M compared to those with 
low serum β2M (p=0.007) (Fig. 3C). In terms of PFS, there 
were no significant differences according to serum β2M in all 
groups; however, there was a trend for worse PFS in patients 
with high serum β2M in the PINK high-risk group (p=0.051) 
(S1 Fig.). 

5. Proposal of a new prognostic index based on PINK and 
serum β2M

Considering the results that the high serum β2M level fur-
ther stratified patients with a worse prognosis among the 
patients in the high-risk group of PINK, we re-classified pa-
tients in the PINK high-risk group based on their serum β2M 
levels. Among the PINK high-risk group (n=44), 27 (61.3% of 
44) patients were redefined as the high risk with low serum 
β2M group, and 17 patients (38.6% of 44) were re-classified 
as the high risk with high serum β2M group. The median 
OS for the low-, intermediate-, and high-risk with low serum 
β2M-, and high-risk with high serum β2M groups were not 

reached (95% CI, 11.95 to NA), 7.48 years (95% CI, 1.77 to 
NA), 2.19 years (95% CI, 1.13 to NA), and 0.38 years (95% CI, 
0.23 to 2.16), respectively (Fig. 4A). There were no significant 
differences between the OS of the intermediate risk- and high 
risk with serum β2M groups (HR, 1.56; 95% CI, 0.81 to 2.99; 
p=0.184); however, the OS of the high risk with high serum 
β2M group was significantly inferior compared to the high-
risk with low serum β2M group (HR, 2.49; 95% CI, 1.25 to 
4.97; p=0.009). 

Based on these results, we proposed a new prognostic 
model incorporating serum β2M into PINK, PINK-B. Pati-
ents who were originally classified as PINK low- and inter-
mediate-risk groups were classified as PINK-B low- and 
intermediate groups, respectively. Among the patients in 
the high-risk group of PINK, patients with low serum β2M 
were redefined as the PINK-B intermediate-risk group, and 
patients with high serum β2M were redefined as the PINK-
B high-risk group. In the training cohort, PINK-B discrimi-
nated the patients into three risk groups, which had distinct 
OS and PFS (p < 0.001 for both). The 3-year OS according to 
PINK-B was 84.14% (95% CI, 75.14 to 94.21), 46.88% (95% CI, 
36.11 to 60.84) and 17.65 (95% CI, 6.32 to 49.28) in the low,  
intermediate, and high-risk groups, respectively (Fig. 4B). 
The 3-year PFS according to PINK-B was 70.64% (95% CI, 
59.49 to 83.33), 35.90% (95% CI, 25.90 to 49.80) and 7.35% 
(95% CI, 1.16 to 46.77) in the low, intermediate, and high-risk 
groups, respectively (Fig. 4C). In the training cohort, PINK-B 
had a lower AIC (556.9) and a higher C-index (0.82; 95% CI, 
0.75 to 0.89) compared with PINK in terms of OS (AIC, 562.6; 
C-index, 0.80; 95% CI, 0.73 to 0.87) (Table 3). 
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Fig. 2.  Overall survival (A) and progression-free survival (B) according to Prognostic Index for Natural Killer Lymphoma.
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6. Validation cohort 
The prognostic value of PINK-B was further validated in 

the independent validation cohort (n=88). The patient char-
acteristics of the validation cohort are described in S2 Table. 
In the validation cohort, 43 (49%), 41 (47%), and 4 (4.5%) 
patients were classified as PINK-B low-, intermediate-, and 
high-risk groups. The 3-year OS of the PINK-B low-, inter-
mediate-, and high-risk groups was 81.00% (95% CI, 69.97 to 
93.76), 38.87% (95% CI, 26.45 to 57.13), and 0%, respectively 
(Fig. 5A). The 3-year PFS of the PINK-B low-, intermediate-,  
and high-risk groups was 67.0% (95% CI, 54.2 to 82.8), 26.8% 
(95% CI, 16.2 to 44.5), and 0%, respectively (Fig. 5B). 

Discussion 

Several previous studies have reported the prognostic val-
ue of serum β2M in patients with ENKTL [9,10]. However, 
these studies included patients treated with anthracycline-
based chemotherapy and may not reflect the current treat-
ment patterns for ENKTL. To the best of our knowledge, 
this is the first study to evaluate the prognostic value of  
serum β2M exclusively in patients with ENKTL treated with 
non-anthracycline‒based chemotherapy and it showed that 
high serum β2M was independently associated with a poor 
OS and PFS. In particular, a high serum β2M could further 
stratify ultra-high-risk patients with a significantly worse OS 
in the high-risk group of PINK. Also, the clinical outcomes 
of the PINK intermediate group and PINK high-risk group 
with low serum β2M were similar. These findings provide a 
substantial rationale for including serum β2M in PINK as an 
additional risk factor. We proposed a new prognostic model 
that has the specific strength of identifying ultra-high‒risk 
patients with a poor prognosis. This new prognostic model, 
PINK-B, showed good discrimination power in the training 
cohort and in an independent validation cohort, which sup-
ports its generalizability. 

Previously, elevated serum β2M has been widely evalu-
ated as a prognostic factor in numerous types of lymphopro-
liferative disorders [8]. Based on these prognostic roles of 
serum β2M, serum β2M was included as a risk factor in the 
risk-stratification system in several disorders, such as mul-
tiple myeloma [14], chronic lymphocytic leukemia [15], fol-
licular lymphoma [16], marginal-zone lymphoma [17], and 
angioimmunoblastic T-cell lymphoma [18]. Our study’s  
results were in line with these findings that serum β2M has a 
role as a prognosticator in ENKTL. 

The exact mechanisms underlying the association of a poor 
prognosis of patients with ENKTL and high serum β2M is 
still unclear. Our results showed that the patients with high 
serum β2M were related to high tumor burdens, such as 
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Table 3.  Stratified models for overall survival and progression-free survival

	 3-Year overall survival	 3-Year progression-free survival 	 HR (95% CI)	 AIC	 C-index (95% CI)

PINK risk group	 				  
    Low	 84.1 (75.1-94.2)	 70.6 (59.4-83.8)	 Reference	 562.6	 0.80 (0.73-0.87)
    Intermediate	 54.0 (40.1-72.7)	 43.2 (29.9-62.5)	 3.12 (1.52-6.39)		
    High	 29.5 (18.7-46.6)	 19.3 (10.5-35.8)	   6.85 (3.50-13.31)		
PINK-B risk group					   
    Low	 84.1 (75.1-94.2)	 70.6 (59.4-83.8)	 Reference	 556.9	 0.82 (0.75-0.89)
    Intermediate	 46.8 (36.1-60.8)	 35.9 (25.9-49.8)	 3.72 (1.93-7.15)		
    High	 17.6 (6.32- 49.2)	 7.35 (1.16-46.7)	 12.6 (5.9-27.04)		

AIC, Akaike Information Criteria; CI, confidence interval; HR, hazard ratio; PINK, Prognostic Index for Natural Killer Lymphoma; PINK-B, 
Prognostic Index for Natural Killer Lymphoma‒serum β-2 microglobulin. 
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disseminated bone disease, advanced stage, and elevated 
LDH. These findings are in line with previous reports that 
a high serum β2M is a reflection of a high tumor burden [8]. 
However, serum β2M is an independent prognostic marker 
in multivariate analysis including other factors that reflect 
a high tumor burden, suggesting that there may be other  
unknown relationships between a high serum β2M and a 
poor prognosis, which warrants further investigation. 

The PINK and PINK–Epstein-Barr virus (PINK-E) are the 
most widely accepted prognostic models for ENKTL pati-
ents treated with non-anthracycline‒based chemotherapy. 
Several studies have suggested that the PINK-E model may 
be more useful than the PINK model to stratify high-risk  
patients, probably due to the strong association between EBV 
DNA positivity and the prognosis of ENKTL [19,20]. How-
ever, there are some limitations in measuring EBV DNA. 
Quantitative polymerase chain reaction for EBV DNA might 
not be available in all hospitals. In addition, the reference val-
ues, measuring procedure and sample type (whole blood or 
plasma) [21], and the definition of high titer is not yet stand-
ardized [22]. Because of these limitations, the PINK-E model 
incorporates a detectable EBV-DNA titer regardless of the 
sample type. Although the PINK-E model is currently one 
of the most valid prognostic models in ENKTL, these obsta-
cles limit a wider application of the PINK-E model in routine 
clinical practice. In contrast, measurement of serum β2M is 
easy, reproducible, and standardized worldwide. Consider-
ing these advantages and the prognostic roles of serum β2M 
in our study, PINK-B has the specific advantage of simplicity 
and easy applicability in daily clinical practice as compared 
to PINK-E. Together with the results that PINK-B could iden-
tify ultra-high-risk patients than PINK, the clinical value of 

PINK-B deserves further evaluation in future studies, espe-
cially in terms of optimizing the treatment strategy based on 
risk-adapted approaches to ENKTL patients. 

There are several limitations of the present study. As antici-
pated for any retrospective study, this study is susceptible to 
selection bias. In addition, the cutoff value of serum β2M in 
this study was relatively high compared with previous stud-
ies [9,10]. However, various cutoff values have been used in 
prognostic models of numerous lymphoproliferative dis-
eases. Indeed, the International Staging System for multiple 
myeloma adopted serum β2M cutoff values of 3.5 mg/L and 
5.5 mg/L [14]. Moreover, the sample size was small. How-
ever, considering the rarity of ENKTL, our sample size was 
relatively similar to or larger than that used in previous stud-
ies [10,23,24].

In conclusion, serum β2M is an independent prognostic 
factor for patients with ENKTL. Our new prognostic model 
incorporating serum β2M into PINK, PINK-B, may be useful 
for identifying ultra-high-risk patients, and it can be easily 
adopted into daily clinical practice. This model should be 
validated in additional large-scale independent cohorts.

Electronic Supplementary Material
Supplementary materials are available at Cancer Research and 
Treatment website (https://www.e-crt.org). 

Ethical Statement
This study was reviewed and approved by the Institutional Review 
Board (IRB approval number: 2019-1476) of the Asan Medical Cent-
er (Seoul, South Korea) and Samsung Medical Center (Seoul, South 
Korea). The requirement of informed consent was waived by the 
IRBs because of the study’s retrospective nature. 

Pr
og

re
ss

io
n-

fre
e 

su
rv

iv
al

 (%
) 100

0
0

Time (yr)
10862 4

50

75

25

43
41
  4

30
14
  1

28
  7
  0

14
  4
  0

8
2
0

3
0
0

No. at risk

p < 0.001

B
Low
Intermediate
High

Ov
er

al
l s

ur
vi

va
l (

%
)

100

0
0

Time (yr)
10862 4

50

75

25

43
41
  4

34
21
  1

32
12
  0

16
  6
  0

10
  3
  0

3
0
0

No. at risk

p < 0.001

A
Low
Intermediate
High

Fig. 5.  Overall survival (A) and progression-free survival (B) according to PINK-B in the validation cohort. PINK-B, Prognostic Index for 
Natural Killer Lymphoma‒serum β-2 microglobulin.

Cancer Res Treat. 2023;55(1):314-324



VOLUME 55 NUMBER 1 JANUARY 2023     323

Author Contributions
Conceived and designed the analysis: Suh C.
Collected the data: Kang S, Lee K, Kang EH, Park JS, Lee YS, Park 
CS, Go H, Huh J, Ryu JS, Lee SW, Kim SJ, Kim WS, Yoon SE, Ko 
YH, Suh C.
Contributed data or analysis tools: Kang S, Cho H, Lee K, Kang EH, 
Park JS, Lee YS, Park CS, Go H, Huh J, Ryu JS, Lee SW, Kim SJ, Kim 
WS, Yoon SE, Ko YH, Suh C.
Performed the analysis: Kang S, Cho H, Suh C.
Wrote the paper: Kang S, Cho H, Suh C.

Review the manuscript: Lee K, Kang EH, Park JS, Lee YS, Park CS, 
Go H, Ryu JS, Lee SW, Kim SJ, Kim WS, Yoon SE, Ko YH.

ORCID iDs
Sora Kang  : https://orcid.org/0000-0002-3847-4442
Hyungwoo Cho  : https://orcid.org/0000-0003-4307-2795
Cheolwon Suh  : https://orcid.org/0000-0002-9178-4431

Conflicts of Interest
Conflict of interest relevant to this article was not reported.

1. �Haverkos BM, Pan Z, Gru AA, Freud AG, Rabinovitch R,  
Xu-Welliver M, et al. Extranodal NK/T cell lymphoma, nasal 
type (ENKTL-NT): an update on epidemiology, clinical pres-
entation, and natural history in North American and Euro-
pean cases. Curr Hematol Malig Rep. 2016;11:514-27.

2. �Wang H, Fu BB, Gale RP, Liang Y. NK-/T-cell lymphomas. 
Leukemia. 2021;35:2460-8.

3. �Yamaguchi M, Suzuki R, Oguchi M. Advances in the treat-
ment of extranodal NK/T-cell lymphoma, nasal type. Blood. 
2018;131:2528-40.

4. �Tse E, Kwong YL. How I treat NK/T-cell lymphomas. Blood. 
2013;121:4997-5005.

5. �Lim SH, Hong JY, Lim ST, Hong H, Arnoud J, Zhao W, et al. 
Beyond first-line non-anthracycline-based chemotherapy for 
extranodal NK/T-cell lymphoma: clinical outcome and cur-
rent perspectives on salvage therapy for patients after first 
relapse and progression of disease. Ann Oncol. 2017;28:2199-
205.

6. �Kim SJ, Yoon DH, Jaccard A, Chng WJ, Lim ST, Hong H, et 
al. A prognostic index for natural killer cell lymphoma after 
non-anthracycline-based treatment: a multicentre, retrospec-
tive analysis. Lancet Oncol. 2016;17:389-400.

7.  �Dasgupta A, Wahed A. Tumor markers. In: Dasgupta A,  
Wahed A, editors. Clinical chemistry, immunology and labo-
ratory quality control. San Diego, CA: Elsevier; 2014. p. 229-47.

8. �Yoo C, Yoon DH, Suh C. Serum beta-2 microglobulin in  
malignant lymphomas: an old but powerful prognostic factor. 
Blood Res. 2014;49:148-53.

9. �Yoo C, Yoon DH, Jo JC, Yoon S, Kim S, Lee BJ, et al. Prognos-
tic impact of beta-2 microglobulin in patients with extranodal 
natural killer/T cell lymphoma. Ann Hematol. 2014;93:995-
1000.

10. �Li ZM, Zhu YJ, Sun J, Xia Y, Huang JJ, Zou BY, et al. Serum 
beta2-microglobin is a predictor of prognosis in patients with 
upper aerodigestive tract NK/T-cell lymphoma. Ann Hema-
tol. 2012;91:1265-70.

11. �Swerdlow SH, Campo E, Pileri SA, Harris NL, Stein H, Siebert 
R, et al. The 2016 revision of the World Health Organization 
classification of lymphoid neoplasms. Blood. 2016;127:2375-90.

12. �Beckman Coulter. Instruction for beta 2 microglobulin assay 

[Internet]. Brea, CA: Beckman Coulter; 2022 [cited 2022 Feb 21]. 
Available from: https://www.beckmancoulter.com/down-
load/file/phxPI-IM111302-EN_US/PI-IM111302?type=pdf.

13. �Miller R, Siegmund D. Maximally selected chi square statis-
tics. Biometrics. 1982;38:1011-6.

14. �Greipp PR, San Miguel J, Durie BG, Crowley JJ, Barlogie B, 
Blade J, et al. International staging system for multiple mye-
loma. J Clin Oncol. 2005;23:3412-20.

15. �International CLL-IPI Working Group. An international prog-
nostic index for patients with chronic lymphocytic leukaemia 
(CLL-IPI): a meta-analysis of individual patient data. Lancet 
Oncol. 2016;17:779-90.

16. �Federico M, Bellei M, Marcheselli L, Luminari S, Lopez-Guill-
ermo A, Vitolo U, et al. Follicular lymphoma international 
prognostic index 2: a new prognostic index for follicular lym-
phoma developed by the international follicular lymphoma 
prognostic factor project. J Clin Oncol. 2009;27:4555-62.

17.  �Kim HD, Cho H, Jeong H, Bang K, Kim S, Lee K, et al. A prog-
nostic index for extranodal marginal-zone lymphoma based 
on the mucosa-associated lymphoid tissue International 
Prognostic Index and serum beta2-microglobulin levels. Br J 
Haematol. 2021;193:307-15.

18. �Shang Y, Fu X, Chang Y, Li Y, Zhang M. B2 microglobulin is a 
novel prognostic marker of Angioimmunoblastic T-cell lym-
phoma. Sci Rep. 2018;8:12907.

19. �Yamaguchi M, Suzuki R, Oguchi M, Asano N, Amaki J, Akiba 
T, et al. Treatments and outcomes of patients with extranodal 
natural killer/T-cell lymphoma diagnosed between 2000 and 
2013: a cooperative study in Japan. J Clin Oncol. 2017;35:32-9.

20. �Kim SJ, Yoon SE, Kim WS. Treatment of localized extran-
odal NK/T cell lymphoma, nasal type: a systematic review. J  
Hematol Oncol. 2018;11:140.

21. �Ha JY, Cho H, Sung H, Jung AR, Lee YS, Lee SW, et al. Supe-
riority of Epstein-Barr virus DNA in the plasma over whole 
blood for prognostication of extranodal NK/T cell lymphoma. 
Front Oncol. 2020;10:594692.

22. �Chen R, Wang C, Zhou Y, Wen B. Prognostic implications of 
circulating Epstein-Barr virus DNA for extranodal natural 
killer/T-cell lymphoma, nasal type: a meta-analysis. Cancer 
Manag Res. 2018;10:2183-92.

References

Sora Kang, A New Prognostic Model in ENKTL: PINK-B 

https://orcid.org/0000-0002-9178-4431
https://orcid.org/0000-0003-4307-2795
https://orcid.org/0000-0002-3847-4442


324     CANCER  RESEARCH  AND  TREATMENT

23. �Tan KM, Chia B, Lim JQ, Khoo LP, Cheng CL, Tan L, et al. 
A clinicohaematological prognostic model for nasal-type 
natural killer/T-cell lymphoma: a multicenter study. Sci Rep. 
2019;9:14961.

24. �Lee J, Suh C, Park YH, Ko YH, Bang SM, Lee JH, et al. Extran-
odal natural killer T-cell lymphoma, nasal-type: a prognostic 
model from a retrospective multicenter study. J Clin Oncol. 
2006;24:612-8.

Cancer Res Treat. 2023;55(1):314-324




