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ABSTRACT
Background  Diffuse large B-cell lymphoma, not oth-
erwise  specified  (DLBCL-NOS),  is  the most  frequent 
type of lymphoid neoplasm.
Methods  We  investigated  the  relationships between 
clinical factors of DLBCL-NOS and MYC immunohis-
tochemistry (IHC) staining.
Results  A  total  of  110 patients  diagnosed with 
DLBCL-NOS from 2012  to 2020 at Tottori University 
Hospital and treated with rituximab, cyclophosphamide, 
doxorubicin, vincristine,  and prednisolone  (R-CHOP) 
chemotherapy were included. IHC staining of MYC in 
formalin-fixed, paraffin-embedded  tumor specimens 
was performed, and ROC-curve analysis  revealed  the 
cut-off value of  the MYC positive  rate as 55%. The 
2-year overall survival (OS) rates of the MYC-negative 
and -positive groups were 84.7% vs 57.7% (P = 0.0091), 
and  the progression-free  survival  rates were 77.8% vs 
54.7% (P = 0.016), respectively. Multivariate analysis for 
OS showed prognostic  significance of MYC positivity 
[hazards ratio (HR): 2.496; P = 0.032], and serum levels 
of soluble interleukin-2 receptor (sIL-2R) > 2000 U/mL 
(HR: 3.950; P = 0.0019), as well as age > 75 (HR: 2.356; 
P = 0.068). The original scoring system was developed 

based on these findings. By assigning one point to each 
item, age  (> 75), MYC positivity,  and sIL-2R  level  (> 
2000), all patients were classified  into  three  risk cat-
egories: group 1 (0 points), group 2 (1 point), and group 
3  (2–3 points). The 2-year  survival  rates were 100%, 
83.0%, and 47.1% for the groups 1, 2, and 3, respectively 
(P < 0.0001).
Conclusion  We suggest  that a prognostic  scoring 
system using MYC expression and soluble  interleukin 
receptor -2 level is useful for the prediction of prognosis, 
contributing to further stratification in DLBCL-NOS.
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DLBCL-NOS  is  the most  frequent  type of  lymphoid 
neoplasm and accounts  for 31–34% of non-Hodgkin 
lymphoma.1  It  is a heterogeneous disease  in  terms of 
immunophenotype, genetic aberrations,  and clinical 
course.2 Although  the  rituximab, cyclophosphamide, 
doxorubicin, vincristine,  and prednisolone  (R-CHOP) 
chemotherapy  regimen has been  the gold  standard  for 
treatment  for a  long  time, patients  still  exhibit poor 
prognosis;  thus, improvement of treatment strategies is 
needed.

MYC, an oncogene located at 8q24, plays a key role 
in cell proliferation, apoptosis, glucose metabolism, ad-
hesion, and angiogenesis.3 MYC  transcription is tightly 
controlled to balance cell proliferation and maintenance. 
Upregulation of MYC  activation has been  identified 
in numerous  types of malignancies,  including  lung, 
breast, and colon cancer and malignant lymphoma. This 
oncogene plays an  important  role  in  the pathogenesis 
of aggressive lymphomas through several mechanisms, 
evident by chromosomal  translocation and  increased 
copy number.  In particular,  it  is associated with  trans-
location of  the  immunoglobulin heavy chain  (IGH) or 
the  immunoglobulin  light chain  (IGL) gene,  resulting 
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in  treatment  resistance,  for example,  in patients with 
double-hit  lymphoma  (DHL) and  triple-hit  lymphoma 
(THL).4 Furthermore, overexpression of MYC protein 
even without  translocation  leads  to aggressive disease 
pathogenesis and  treatment  resistance. Therefore, we 
hypothesized  that MYC expression  is an  independent 
poor prognostic  factor of DLBCL-NOS. This  study 
aimed  to  investigate  the  relationship between clinical 
factors of DLBCL-NOS and MYC-positivity by  im-
munohistochemical (IHC) analysis.

Furthermore, prognostic classification  tools  such 
as the international prognostic index (IPI),5 the revised 
international prognostic index (R-IPI),6 and the National 
Comprehensive Cancer Network IPI (NCCN-IPI)7 have 
been used widely to date. They include information re-
garding the age, disease stage, involvement of extrano-
dal sites, and clinical biomarkers, but not the expression 
of MYC. We attempted to generate a prognostic scoring 
system which  includes MYC expression.  It  is essential 
that  the novel  scoring system  is  simple, portable,  and 
more conducive  to  stratification. We attempted  to de-
velop a novel prognostic model, one that includes MYC 
expression, based on the analysis of MYC-positivity and 
clinical features.

MATERIALS AND METHODS
Patients
We included all 110 patients diagnosed with DLBCL-
NOS, who were administered R-CHOP chemotherapy 
at our  institution  (Tottori University Hospital),  from 
April 2012  to March 2020. Patients diagnosed with 
T-cell/histocyte-rich  large B-cell  lymphoma, primary 
DLBCL of the central nervous system, primary cutane-
ous DLBCL, or primary mediastinal  large B-cell  lym-
phoma, leg type, were excluded from this study. Patients 
with  secondary DLBCL such as Richter  syndrome, 
transformation of  follicular  lymphoma, and  indolent 
B-cell  lymphoma were excluded. Patients with known 
DHL or THL were also excluded. Clinical information, 
excluding personal information, was collected from the 
electronic medical record system.

This  study was approved by  the Ethical Review 
Committee of Tottori University School of Medicine (the 
ethical approval number  is 20A045). The research was 
conducted on an opt-out basis.

Immunohistochemical staining and clinical param-
eters
We performed  immunohistochemical  staining of 
formalin-fixed, paraffin-embedded tumor specimens of 
all patients. Tumor specimens were cut into 4 μm-thick 
sections,  subjected  to heat-induced antigen  retrieval 

in EDTA buffer at pH 9.0  (Nichrei Bioscience, Tokyo, 
Japan), and heated for 40 min in an automated retrieval 
device  (Nichirei HEAT PRO II, Nichrei Bioscience). 
Immunological  staining was performed by  incubating 
the  samples with  rabbit monoclonal anti-human MYC 
antibody  (clone: Y69, #ab32072, Abcam, Cambridge, 
U.K.)  for 60 min at 15  °C  in  a 1:200 dilution. An 
automated  immunohistochemistry  staining system 
(Nichirei-Histostainer, Nichrei Bioscience) was used for 
staining and color development by reacting with diami-
nobenzidine solution (Nichrei Bioscience) for 10 min.

Cells with positive nuclear  findings  for MYC 
immunostaining were defined as MYC-positive. The 
percentage of positive cells in the total tumor cells was 
defined as  the MYC-positive  rate. The MYC-positive 
rate was evaluated  independently by  two  individual 
evaluators, and the mean value was considered the final 
value.

Immunostaining of proteins other  than MYC had 
been performed as  routine diagnostic workup at our 
hospital  and  the data were  retrieved  from all patients’ 
medical  records. These proteins  investigated  in  the 
present  study and  their antibodies  for  immunostaining 
are as follows: CD5 (clone: SP19, Roche, Switzerland), 
CD10 (SP67, Roche), CD20 (L26, Roche), BCL2 (SP66, 
Roche), BCL6  (GI191E/A8, Roche),  and MUM-1 
(MRQ-43, Roche). The cut-off points for BCL2, BCL6, 
and MUM-1 were 50%, 30%, and 30%,  respectively. 
Staining of CD10, BCL6, and MUM-1 was performed 
for the classification of germinal center B-cell (GCB) or 
non-GCB types based on Hans classification.8

Besides other clinical parameters,  serum  lactate 
dehydrogenase  (LDH) and soluble  interleukin-2  recep-
tor  (sIL-2R)  levels were measured at our  institutions. 
Fluorescence in situ hybridization (FISH) for IGH/MYC 
translocation and chromosome analysis  (G-banding) 
were performed by the SRL company (Tokyo, Japan).

Statistical analysis
Overall survival (OS) was defined as the time from the 
date of diagnosis until the date of death by any cause or 
last follow-up, and progression-free survival (PFS) was 
defined as the time from the date of diagnosis until the 
date of first progression, relapse, death by any cause, or 
last follow-up. To evaluate the relationship between the 
MYC-positive rate and survival events, a significant cut-
off value for sensitivity and specificity was determined 
using  receiver operating characteristic  (ROC) curve 
analysis. The cut-off point of  the  sIL-2R  level was 
determined in the same manner. Fisher’s exact test was 
used to evaluate the patients’ clinical background. The 
probabilities of OS and PFS were estimated according 



58

S. Suzuki et al.

© 2023 Tottori University Medical Press

to the Kaplan–Meier method. Univariate and multivari-
ate analyses  for  survival were performed using Cox 
proportional hazards regression analysis, and only vari-
ables with P < 0.05 in univariate analysis for OS were 
included  in  the multivariate analysis. Statistical  sig-
nificance was set at P < 0.05. Statistical analyses were 
performed with EZR Version1.55  (Saitama Medical 
Center, Jichi Medical University, Saitama, Japan).9

RESULTS
Clinical characteristics of all patients
A total of 110 patients (64 males and 46 females) diag-
nosed with DLBCL-NOS and  treated with R-CHOP 
chemotherapy were  included  in  the analysis. A sum-
mary of baseline characteristics of all patients is shown 
in Table 1. The median age of all patients was 73.5 years 
(range: 32–99 years). The median  follow-up period  for 
all patients was 38.3 months (range: 1.6–100 months).

Fifty-four patients  (49.1%) were  in  the advanced 
stage of  the disease  (Ann Arbor  stage:  III  and  IV),10 
seven patients  (6.4%) developed B symptoms  (mainly 
fever), whereas eleven patients  (10.0%) had “bulky” 
disease (defined by lesions greater than 10 cm in size). 
Fifty-one patients  (46.4%) had one or more extranodal 
lesions. LDH  levels were above  the upper normalized 
value (222 U/L) in 65 patients (59.1%) (median: 266 U/
L;  range: 136–15598 U/L). Furthermore,  sIL-2R  levels 
were above the upper normalized value (474 U/L) in 83 
patients (75.5%) (median: 1236 U/mL; range: 310–48490 
U/mL).

According  to  the  revised  international prognostic 
index  (R-IPI) category,6 28 patients  (25.5%) were  in 
the very good-risk group (R-IPI score 0–1), 31 patients 
(28.2%) were  in  the good-risk group  (score 2),  and 51 
patients (46.4%) were in the poor-risk group (score 3–5).

Survival analysis
The 2-year overall survival (OS) rate of all 110 patients 
was 79.3% [95% confidence interval (CI): 70.2–85.5%], 
and the 2-year progression-free survival (PFS) rate was 
73.1% (63.7–80.5%; Figs. 1a and b). Patients aged over 
75 years had a lower OS rate of 66.0% (50.1–78.0%) vs 
88.7% for younger patients  (77.8–94.5%), and a  lower 
PFS  rate of 62.4% (46.6–74.7%) vs 80.9% for younger 
patients  (68.8–88.7%). The OS and PFS  rates of  the 
R-IPI categories were as  follows: very good group, 
2-year OS 92.9% (95%CI: 74.3–98.2%); good group, 
2-year OS 79.8% (60.5–90.4%); and poor group, 2-year 
OS 71.1% (56.1–81.8%)  (P = 0.058). The 2-year PFS 
rates of  the  three groups were 92.9% (74.3–98.2%), 
76.8% (57.5–88.2%), and 59.7% (44.7–71.8%), with P = 
0.004, respectively.

Immunohistochemical evaluation of MYC
Immunostaining of MYC was performed  for  the 110 
cases. A dot plot of MYC-positive rates and representa-
tive images of MYC immunostaining are shown in Fig. 
2, Figs. 3a and b, respectively. The ROC curve was used 
to evaluate  the performance of  the MYC-positive  rate 
for survival events, and  the cut-off value of  the MYC-
positive rate was set at 55% (Fig. 4), which was consis-
tent with previously  set cut-off values of 40–70%.11, 12 
The MYC-positive group included patients with ≥ 55% 
MYC-positive  tumor cells,  and  the MYC-negative 
group included those with < 55% MYC-positive tumor 
cells. The characteristics of patients  in each group are 
summarized  in Table 1. Using Fisher’s exact  test, no 
significant difference was observed between  the  two 
groups  in  terms of age  (P = 0.419),  sex  (P = 0.816), 
performance status > 1 (P = 1.00), Ann Arbor stages III 
& IV (P = 0.64), LDH levels (P = 0.133), sIL-2R levels (P 
= 0.245), and R-IPI groups (P = 0.182).

The outcomes of  the MYC-positive and MYC-
negative groups were compared using Kaplan–Meier 
analysis. The 2-year OS  rates  in  the MYC-negative 
group and MYC-positive group were 84.7% (95% CI: 
75.1–90.8%) and 57.7% (34.4–75.4%),  respectively, and 
the 2-year PFS  rates  in  these  two groups were 77.8% 
(95% CI: 67.5–85.3%) and 54.7% (32.2–72.5%), respec-
tively (Figs. 5 a and b). The differences in the 2-year OS 
rate and the 2-year PFS rate between these two groups 
were  statistically  significant  (P=0.0091 and P=0.0162, 
respectively).

Other immunostainings and clinical parameters
Immunostaining of BCL2, BCL6, MUM-1, CD5, CD10, 
and CD20 was also performed. A  total of 74 patients 
were BCL2-positive  (76.2% of all  evaluable cases), 70 
were BCL6-positive (73.7%), 72 were MUM-1 positive 
(75.8%), and 29 were CD10-positive  (26.9%). There 
was no clear  tendency  for MYC-positivity between 
the BCL2-, BCL6-, MUM-1-, and CD10-positive and 
-negative groups. Association of CD5 and CD20 posi-
tivity with MYC-positivity was also evaluated, but  the 
sample size was too small to conduct such an analysis; 
there was only one CD20-negative case and eight CD5-
positive cases.

According  to  the Hans classification,8 34 cases of 
GCB-type and 67 non-GCB cases (9 cases were not de-
terminable due to lack of staining) were observed, and 
the  survival  rates were similar  in both groups and no 
statistically significant difference was found. Regarding 
double-expressor lymphoma (DEL), defined as double-
positive for BCL2 and MYC, there was no statistically 
significant difference in the OS and PFS rates between 
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14 DEL patients and others.
For  the evaluation of  IGH-MYC-translocation, 

FISH analysis was performed  for  the  samples of 25 

cases, 4 of which were positive. Three cases had a 
MYC-positivity  rate of 55% or higher, while only one 
MYC-negative case showed the fusion signal.

Table 1. Patient characteristics 

Variables Total 
(n = 110)

MYC-negative 
(n = 87)

MYC-positive 
(n = 23)

P value

Age, median (range) 73.5 (32–99) 73 (32–87) 76 (57–99) 0.419
Sex (%)
  Female 46 (41.8) 37 (42.5) 9 (39.1) 0.816
 Male 64 (58.2) 50 (57.5) 14 (60.9)
PS (%)
  0–1 77 (70.0) 61 (70.1) 16 (69.6) 1.000
  2–4 33 (30.0) 26 (29.9) 7 (30.4)
Ann Arbor stage (%)
  I-II 55 (50.5) 45 (51.7) 10 (45.5) 0.64
  III-IV 54 (49.5) 42 (48.3) 12 (54.5)
Bulky mass (%)
  Yes 7 (6.4) 7 (8.0) 0 (0.0) 0.341
  No 103 (93.6) 80 (92.0) 23 (100.0)
B symptom (%)
  Yes 11 (10.0) 10 (11.5) 1 (4.3) 0.453
  No 99 (90.0) 77 (88.5) 22 (95.7)
DLBCL type (%)
  GCB 34 (33.7) 28 (35.4) 6 (27.3) 0.612
  non-GCB 67 (66.3) 51 (64.6) 16 (72.7)
LDH, median (range) 266 (136–15598) 262 (136–5721) 315 (157–15598) 0.133
sIL-2R, median (range) 1236 (310–48490) 1139 (143–23721) 1236 (309–48490) 0.245
R-IPI (%)
  Very good 28 (25.5) 24 (27.6) 4 (17.4) 0.182
 Good 31 (28.2) 21 (24.1) 10 (43.5)
 Poor 51 (46.4) 42 (48.3) 9 (39.1)
BCL2 (%)
  positive 72 (75.8) 58 (77.3) 14 (70.0) 0.560
  negative 23 (24.2) 17 (22.7) 6 (30.0)
BCL6 (%)
  positive 69 (73.4) 53 (72.6) 16 (76.2) 1.000
  negative 25 (26.6) 20 (27.4) 5 (23.8)
MUM-1
  positive 70 (76.0) 54 (76.1) 16 (76.2) 1.000
  negative 22 (23.9) 17 (23.9) 5 (23.8)
FISH IGH-MYC (%)
  positive 4 (16.0) 1 (5.0) 3 (60.0) 0.0162
  negative 21 (84.0) 19 (95.0) 2 (40.0)
FISH, fluorescence in situ hybridization; GCB, germinal center B cell; IGH, immunoglobulin heavy chain gene; LDH, lactate dehydro-
genase; PS, performance status; R-IPI, revised international prognostic index; sIL-2R, soluble interleukin-2 receptor.
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To determine  the significant value  for  sIL-2R, we 
performed the ROC curve analysis and found a cut-off 
value of 1957 U/mL. The Kaplan–Meier analysis curve 
of  the 2-year OS  rate  showed  that  the groups  that had 
sIL-2R levels higher than 2000 U/mL had a 2-year OS 
of 56.0% (37.0–69.5%), and those that had values lower 
than 2000 U/mL had a 2-year OS of 91.4% (95% CI: 
81.9–96.0%, P = 0.00002). The 2-year PFS  rate of  the 
group  that had sIL-2R values higher  than 2000 U/mL 
was 48.3% (31.5–63.2%), whereas that of the group that 
had values  lower  than 2000 U/mL was 85.9% (75.4–
92.2%, P = 0.00022).  In patients with highly elevated 
sIL-2R levels,  the survival prognosis was considerably 
poor.

Univariate and multivariate analysis
Cox proportional hazards  regression analysis was per-
formed for univariate analysis of OS and PFS in terms 
of all  clinical variables  (evaluable enough). Regarding 
OS, four variables resulted in statistical significance (P 
< 0.05): MYC-positivity, age > 75, PS > 1, and sIL-2R 
> 2000. Univariate analysis of PFS  revealed  statistical 
significance as follows: MYC-positivity, age > 75, PS > 
1, and sIL-2R > 2000. Results for univariate analysis for 
OS and PFS are listed in Tables 2 (a) and (b).

Multivariate analysis  for OS was performed  for 
four variables: MYC-positivity,  age > 75, PS > 1, and 
sIL-2R > 2000. Multivariate analysis  revealed  that 
MYC-positivity and high sIL-2R levels were significant 
factors for survival events.

A prognostic model of combined MYC, sIL-2R, and 
age
We attempted  to create an original  scoring system for 
prognosis of DLBCL-NOS. We assigned one point each 
to age > 75, MYC-positivity (≥ 55%), and sIL-2R level 
> 2000 U/mL. All patients were classified  into  three 
risk categories: group 1 (0 point), group 2 (1 point), and 
group 3 (2–3 points). In the Kaplan–Meier analysis, the 
2-year survival rate of each group was as follows: group 
1: 100%, group 2: 83.0% (95% CI: 65.8–92.0%), and 
group 3: 47.1% (28.7–63.4%)  (P < 0.0001). The 2-year 
PFS  rate was as  follows: group 1: 92.5% (95% CI: 
78.5–97.5%), group 2: 75.5% (58.1–86.4%), and group 3: 
45.3% (27.5–61.5%) (P < 0.0001) (Figs. 5a and b).

The prognosis of group 1 (patients without any fac-
tor) was optimal (nearly 100% survival rate); in contrast, 

Fig. 1.  Survival rate of all the patients. (a) Overall survival (OS). 2-year OS was 79.3%. (b) Progression-free survival rate (PFS). The 
2-year PFS rate was 73.1%.

Fig. 2.  Dot plot of positivity rates for MYC.
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the prognosis of group 3 was considerably poor.

DISCUSSION
In this study, we found that MYC-positivity observed by 
IHC is an important prognostic factor for DLBCL-NOS.

The MYC oncogene has multiple  functions  in  the 
proliferation and metabolism of lymphocytes.13 In pre-B 
cell maturation, MYC expression is induced in response 
to B-cell  receptor  stimulation,14, 15 For appropriate 
maturation and proliferation, MYC transcription must be 
tightly controlled. Although the mechanism is not fully 
understood, MYC deregulation and the overexpression of 
MYC protein significantly affects  lymphomagenesis of 
mature B cell.16 In DLBCL-NOS, MYC overexpression 

is caused by translocation, increase of copy number by 
gene amplification or  transcription, and mutation.15, 17 
Translocation  is associated with double and  triple-hit 
lymphomas and  the  frequency of MYC-translocation 
with the immunoglobulin gene (Ig) is ~10% in patients 
with DLBCL,11 which  is associated with poor progno-
sis.4 However,  in  some cases without  Ig  translocation, 
lymphoma cell nuclei exhibit high MYC protein expres-
sion. Approximately 30% of DLBCL patients show high 
MYC expression.11 This was explained to be caused by 
translocation events, gene amplification,  and abnormal 
transcription of MYC.  Increased copy number of MYC 
is observed in about 2–20% of DLBCL, and those cases 
had poor prognosis.18, 19 MYC protein is degraded with 
glycogen synthase kinase  (GSK-3β)-mediated phos-
phorylation,  though  in DLBCL-NOS,  the activation of 
phosphoinositide 3-kinases (PI3K) impairs downregula-
tion of MYC.20

Previous reports have indicated that MYC protein 
expression is associated with poor prognosis in DLBCL-
NOS. The meta-analysis by Zhou K.  reported  that 
MYC aberration was an  independent prognostic  factor 
for DLBCL.21 Zhou M. et al. developed a combination 
scoring system with MYC  expression and  IPI  score, 
which showed that MYC-positive patients (> 50%) and 
patients in the high IPI group showed worse prognosis 
in  terms of  the 3-year OS.22 We performed  the  same 
stratification using our current patients and checked 
for  reproducibility  (data not  shown). The multivariate 
analysis confirmed  that  the hazard  ratio of  sIL-2R > 
2000 was high, and that the classification including age 
in this analysis was more reflective of prognosis.

Additionally,  in  the analyses of  the association 

Fig. 4.  ROC-curve analysis of OS. The cut-off value of  the 
MYC-positive rate was 55%.

Fig. 3.  Representative immunohistochemistry cases of high and low MYC protein expression. Positive tumor cells are those with brown-
stained nuclei. (a) the low positive rate (MYC positive rate: 5%). (b) the high positive rate (70%). Bar = 20 μm.
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between MYC, BCL2, and BCL6 protein expression, 
the  researchers  found  that  the MYC-positive, BCL2-
positive, and BCL6-low population had an inferior sur-
vival  rate.11, 12  In CD5-positive cases, MYC-positivity 
also resulted in poor outcomes.23

MYC-positivity is associated with poor prognosis. 
In this study, patients with an MYC-positive rate ≥ 55% 
had a  significantly  inferior prognosis  to  those with an 
MYC-positive rate < 55%. Standardization of evaluation 
is limited, and there are minor differences in the meth-
ods of  retrieval and staining. Furthermore,  the cut-off 
points of MYC-positivity vary in the range of 30–70% 
in previous  reports;  therefore,  they are generally set at 
50–60%.12, 24, 25 The cut-off value used in our study was 
the median of this range.

Generally, DLBCL-NOS is a heterogeneous group, 
especially  in  terms of  the clinical course. Major prog-
nostic  indexes have successfully  stratified  the patient 
outcome  in  terms of  IPI,5 R-IPI,6 NCCN-IPI,7 and 
elderly  IPI.26 Moreover,  several dozens of prognostic 
items have been  reported. Patients with  the GCB-type 
disease have been  reported  to have a better prognosis 
than  those with non-GCB-type disease; however,  this 
was not found in this study.

Several biomarkers such as LDH and sIL-2R reflect 
the course of the disease. LDH has been established as 
an item of IPI and other indexes; furthermore, an eleva-
tion of sIL-2R levels is associated with a poor prognosis. 
Soluble  IL-2R  is  involved  in  the activation of T-cell 
lymphocytes27 and is a marker for lymphoma.28 Soluble 
IL-2R  levels  ref lect  the  tumor burden and aggres-
sive course of  the disease.29, 30 Several  studies on  the 

DLBCL prognoses have reported cut-off values of sIL-
2R to be 800–3000 U/mL, particularly 2000 U/mL.31, 32 
We found that an increase in the sIL-2R levels (> 2000 
U/mL) is a significant prognostic factor in multivariate 
analysis.

As shown  in Fig. 6, our original  scoring system 
using MYC expression,  sIL-2R  level,  and age was an 
even more useful assessment method. Group 1 (patients 
without any  risk  factor)  showed a very good survival 
rate (nearly 100% survival rate) with standard R-CHOP 
treatment. In contrast, the patients in group 3 had a poor 
prognosis. Therefore,  this novel prognostic model may 
contribute to stratifying the precision of the prognosis of 
patients with DLBCL-NOS.

So far, almost all DLBCL patients in this institute 
have  received R-CHOP chemotherapy  independent of 
risk classifications. Although the international prognos-
tic  indexes and other  factors have been successful  in 
stratifying prognosis,  therapeutic  interventions  for pa-
tients with poor prognosis remain insufficient. Recently, 
a novel treatment comprising rituximab, cyclophospha-
mide, prednisolone, and polatuzumab vedotin improved 
the prognosis of  intermediate and poor  IPI patients.33 
Improvements in the accuracy of DLBCL risk scoring, 
which can be done anywhere, are still needed to further 
improve treatment strategies.

This  study had certain  limitations;  the patients  in 
our  institutions were  relatively older  than  the patients 
in other studies.34 Thus, several patients who were not 
treated with R-CHOP chemotherapy due  to age or co-
morbidities were excluded beforehand. Unsatisfactorily, 
the number of patients who underwent FISH analysis 

Fig. 5.  Survival rate of MYC-positive and negative groups. (a) OS of MYC-positive (≥ 55%) group and MYC-negative (< 55%) group. 
The 2-year OS rates were 47.1% and 83.0%, respectively. (b) PFS of MYC-positive and MYC-negative groups. The 2-year OS rates were 
54.7% and 77.8%, respectively.
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(b) PFS

Univariate analysis Multivariate analysis
HR (95% CI) P value HR (95% CI) P value

MYC positive 2.357 (1.147–4.846) 0.020 2.156 (1.036–4.488) 0.040
Age > 75 2.496 (1.249–4.987) 0.0096 1.453 (0.689–3.064) 0.327
PS > 1 3.186 (1.623–6.254) 0.00076 2.404 (1.177–4.911) 0.016
sIL-2R > 2000 3.346 (1.696–6.602) 0.00049 2.567 (1.270–5.188) 0.0086
Sex(male) 1.779 (0.738–4.292) 0.199
Stage III & IV 2.996 (1.424–6.304) 0.0038
LDH > normal 3.289 (1.431–7.563) 0.0051
R-IPI poor 2.938 (1.431–6.031) 0.0033
Bulky 0.835 (0.199–3.5) 0.805
B symptom 2.998 (1.234–7.281) 0.015
Extranodal site > 1 2.152 (0.997–4.648) 0.051
CD10 positive 1.097 (0.505–2.384) 0.816
BCL2 positive 1.148 (0.468–2.812) 0.764
BCL6 positive 1.193 (0.512–2.781) 0.682
MUM-1 1.838 (0.7051–4.789) 0.213
Non-GCB type 1.299 (0.601–2.810) 0.506
DEL 1.884 (0.775–4.583) 0.163
DEL, double expressor lymphoma (both BCL2 and MYC positive); HR, hazard ratio; OS, overall survival; PFS, progression free sur-
vival; 95% CI, 95% confidence interval.

Table 2. Univariate and multivariate analysis of OS (a) and PFS (b) 
(a) OS

Univariate analysis Multivariate analysis
HR (95% CI) P value HR (95% CI) P value

MYC positive 2.869 (1.25–6.57) 0.013 2.496 (1.080–5.766) 0.032
Age > 75 3.900 (1.616–9.412) 0.0025 2.356 (0.938–5.916) 0.068
PS > 1 2.932 (1.316–6.533) 0.0085 1.939 (0.844–5.453) 0.119
sIL-2R > 2000 5.280 (2.252–12.38) 0.00013 3.950 (1.657–9.415) 0.0019
Sex (male) 1.746 (0.274–4.212) 0.215
Stage III & IV 1.853 (0.801–4.284) 0.149
LDH > normal 2.430 (0.964–6.126) 0.060
R-IPI poor 2.260 (0.988–5.168) 0.053
Bulky 0.540 (0.0073–4.005) 0.547
B symptom 2.106 (0.719–6.167) 0.174
Extranodal site > 1 1.328 (0.495–3.563) 0.573
CD10 positive 1.751 (0.757–4.05) 0.191
BCL2 positive 0.953 (0.342–2.556) 0.897
BCL6 positive 0.822 (0.316–2.139) 0.191
MUM-1 1.106 (0.408–2.998) 0.843
Non-GCB type 0.869 (0.362–2.063) 0.741
DEL 1.811 (0.613–5.357) 0.283
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was  small,  and  there were  a  few  cases  of MYC-
translocation;  thus, we could not analyze  the  relation-
ship between MYC-translocation and other clinical 
variables.

In  conclusion, MYC-positivity  by  IHC  is  an 
independent poor prognostic factor and has a potential 
for better accuracy for risk stratification in patients with 
DLBCL-NOS. The evaluation of MYC by IHC staining 
is a  simple method and  is available at all  institutions. 
The addition of  sIL-2R  level  to MYC expression was 
found  to be an even more useful assessment method. 
Our original scoring system has the potential  to detect 
populations with  inferior prognosis. We  recommend 
the use of this simple, highly useful evaluation method, 
which would contribute to improved therapeutics.
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