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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most com-
mon subtype of aggressive non-Hodgkin lymphoma, accou-
nting for about 30% of cases world-wide [1]. Predicting treat-
ment outcomes at the time of initial treatment is one of the 
important issues in DLBCL [2]. The conventional internation-
al prognostic index (IPI) of DLBCL [3] is widely accepted as a 
universal prognostic factor. However, because rituximab has 
led to a marked improvement in outcome for patients with 
DLBCL [4-6], other prognostic classifiers based on DLBCL 
populations treated with rituximab (e.g., the NCCN [Natio-
nal Comprehensive Cancer Network]−IPI [7] and GELTA-
MO [Grupo Español de Linfomas/Trasplante Autólogo de  
Médula Ósea]−IPI [8]) have been proposed. Although con-
ventional IPI is valid in the rituximab era [9], the validity of 
these other prognostic systems has not been evaluated fully 
in Eastern DLBCL populations.

Patient age at the time of diagnosis is a traditional prognos-
tic factor for DLBCL. The conventional IPI classifies patients 

aged ≥ 60 years as a “poor prognostic group”; however, the 
cutoff values for the recently proposed classifiers [7,8] are dif-
ferent (Table 1). This may cause confusion when classifying 
patients as high-risk. Furthermore, the clinical utility of these 
age cutoffs has not been validated fully in Eastern DLBCL 
populations. In addition, in spite of the biologic and socioeco-
nomic differences between Eastern and Western populations 
of patients with DLBCL [10], the relationship between patient 
age and survival outcome has not been evaluated in Eastern 
DLBCL populations.

Here, we evaluated the relationship between patient age 
and the survival outcomes in a single center Korean DLBCL 
cohort treated with rituximab-containing chemotherapeutic 
regimens. We also examined the prognostic impact of known 
age cutoff values.
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Materials and Methods

1. Patients
A total of 613 DLBCL patients treated with rituximab-

containing regimens between January 2002 and March 2012  
(a dataset identical to that presented in a previous study) 
[11] were enrolled. In contrast to the previous study, cases 
with DLBCL variants or those showing DLBCL transformed 
from low-grade B-cell lymphomas were not excluded. How-
ever, of these, five cases with insufficient clinical informa-
tion, particularly factors related to the IPI or dose of chemo-
therapeutic agents, were excluded. Finally, 608 cases were 
enrolled in the study. The medical records of all enrolled 
patients were reviewed to obtain data related to birth date, 
sex, Eastern Cooperative Oncology Group performance 
score, presence B symptoms, involved anatomic site, initial 
serum lactate dehydrogenase (LDH) titer, and Hans cell-of-
origin subgroup [12] evaluated at the time of initial diag-
nosis. Cases were staged according to Ann Arbor stage [13] 
and classified according to age-adjusted IPI risk group [3], 
which could serve as a prognostic group free from the pati-
ent age. Patient age was re-calculated based on birth date. 
The relative dose intensity (RDI) of each chemotherapeutic 
agent (cyclophosphamide, doxorubicin, or vincristine) was 
calculated by dividing the actual dose over the actual treat-
ment duration by the standard dose over the standard treat-
ment duration [14]. The average RDI (ARDI) of each patient 
was then calculated; patients with an ARDI < 85% were  
assigned as the low-dose intensity group [15].  

2. Statistical analysis
The impact of age at the time of diagnosis on survival 

outcome was estimated using scatterplot smoothing curves  
between the Martingale residual of the null Cox proportional 
hazard (PH) model and age (as a continuous variable) [16]. 
The Cox PH model fitted with the age-adjusted IPI and ARDI 
< 85% variables was used as a null model for the multivari-
ate setting. These estimates were confirmed using a Cox PH 

model fitted with the transformed age variable using the 
restricted cubic spline function [17]. The prognostic signifi-
cance of age variables categorized according to known cutoff 
values (such as the conventional IPI [3], NCCN-IPI [7], and 
GELTAMO-IPI [8]) (Table 1) were evaluated using both uni-
variate Kaplan-Meier survival analysis and multivariate Cox 
PH models. The statistical procedures described above were 
also carried out for the DLBCL-NOS (not otherwise indicat-
ed) subgroup. All statistical analysis was performed using 
R ver. 3.6.1 (R foundation for statistical computing, Vienna, 
Austria). Two-sided p-values < 0.05 were considered statisti-
cally significant.

Results

1. Clinical characteristics of the enrolled patients
The clinical characteristics of the enrolled patients are sum-

marized in Table 2. The mean age was 53.3 years. About one 
third (32.7%) of patients were aged > 60 years, and 15 (2.5%) 
were elderly (> 75 years). Only six patients (1.0%) were aged 
> 80 years. More than 90% (91.9%) of patients were diagnosed 
with DLBCL-NOS histologically; 26 cases (4.1%) had variants 
of large B-cell lymphoma, including Epstein-Barr virus–posi-
tive large B-cell lymphoma (12 cases), T-cell/histiocyte-rich 
B-cell lymphoma (seven cases), primary mediastinal B-cell 
lymphoma (four cases), primary cutaneous large B-cell lym-
phoma (two cases), and lymphomatoid granulomatosis (one  
case). Another 23 cases were DLBCL with concurrent low-
grade B-cell lymphomas, including extranodal marginal zone 
B-cell lymphoma (14 cases), high-grade (four cases) or low-
grade (three cases) follicular lymphoma, and marginal zone 
B-cell lymphoma (two cases). About half (49.3%) of cases had 
advanced disease (Ann Arbor stage III-IV) at the time of the 
diagnosis, and 47.2% of cases had elevated serum LDH titers. 
Multiple extranodal site involvement was identified in about 
one third of patients (31.4%). More than half of cases (50.7%) 
were classified as low IPI risk. About two thirds of the tumors 
were classified as non–germinal center B-cell-like subgroup 
by the Hans immunohistochemical algorithm in available 
patients (n=402). Almost all patients were treated with an  
R-CHOP (rituximab with cyclophosphamide, doxorubicin, 
vincristine and prednisone) regimen; only three patients 
(0.5%) were treated with an R-CVP (rituximab with cyclo-
phosphamide, vincristine and prednisone) regimen. Due 
to dose reduction during treatment, about 30% of patients 
received chemotherapeutic treatment with low ARDI lev-
els (< 85%). Nevertheless, 88.8% of patients achieved com-
plete remission after cessation of initial treatment, and 83.6%  
attained 3-year survival. On univariate survival analyses, 
all of the components of the conventional IPI system, pres-

Table 1.  Age cutoffs for the conventional IPI, NCCN-IPI, and 
GELTAMO-IPI

Score	 Conventional IPI	 NCCN-IPI	 GELTAMO-IPI

0	 ≤ 60	 ≤ 40	 < 65
1	 > 60	 41-60	 65-79
2	 -	 61-75	 ≥  80
3	 -	 > 75	 -
GELTAMO, Grupo Español de. Linfomas/Trasplante Autólogo 
de Médula Ósea; IPI, International Prognostic Index; NCCN,  
National Comprehensive Cancer Network.
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Table 2.  Clinical characteristics of the enrolled patients 

Characteristic	 No. (%) (n=608)	 KM p-value (OS)	 KM p-value (PFS)

Age, mean±SD (yr)	 53.3±14.1	 -	 -
Age (yr) (conventional IPI) 			 
    ≤ 60	 409 (67.3)	 0.030	 0.025
    > 60	 199 (32.7)		
Age (yr) (NCCN-IPI)			 
    ≤ 40	 118 (19.4)	 < 0.001	 0.002
    41-60	 291 (47.9)		
    61-75	 184 (30.3)		
    > 75	 15 (2.5)		
Age (yr) (GELTAMO-IPI) 			 
    < 65	 455 (74.8)	 < 0.001	 < 0.001
    ≥ 65 and < 80	 147 (24.2)		
    ≥ 80	 6 (1.0)		
Sex			 
    Male	 335 (55.1)	 0.915	 0.137
    Female	 273 (44.9)		
Pathologic diagnosis			 
    DLBCL-NOS	 559 (91.9)	 0.781	 0.558
    Variant of DLBCL	 26 (4.3)		
    DLBCL arising from LGBCL	 23 (3.8)		
ECOG PS >1	 40 (6.6)	 0.004	 0.001
Ann Arbor stage III-IV	 300 (49.3)	 < 0.001	 < 0.001
Extranodal involvement > 1 site	 191 (31.4)	 < 0.001	 < 0.001
Serum LDH elevation	 287 (47.2)	 < 0.001	 < 0.001
IPI risk group			 
    Low	 308 (50.7)	 < 0.001	 < 0.001
    Low-intermediate	 19 (17.9)		
    High-intermediate	 121 (19.9)		
    High	 70 (11.5)		
Age-adjusted IPI risk group			 
    Low	 230 (37.8)	 < 0.001	 < 0.001
    Low-intermediate	 164 (27.0)		
    High-intermediate	 179 (29.4)		
    High	 35 (5.8)		
Presence of B symptoms	 127 (20.9)	 < 0.001	 < 0.001
Chemotherapy regimen			 
    R-CHOP	 605 (99.5)	 0.040	 0.153
    R-CVP	 3 (0.5)		
ARDI < 85%	 179 (29.4)	 0.017	 0.010
Hans cell-of-origin			 
    GCB	 133/402 (33.1)	 0.381	 0.089
    ABC	 269/402 (66.9)		
Complete remission	 540 (88.8)	 -	 -
Median follow-up length (mo)	 46 (	 -	 -
3-Year survival rate	 508 (83.6)	 -	 -
ABC, activated B-cell-like; ARDI, average relative dose intensity; DLBCL, diffuse large B-cell lymphoma; ECOG, Eastern Cooperative  
Oncology Group; GCB, germinal center B-cell-like; GELTAMO, Grupo Español de. Linfomas/Trasplante Autólogo de Médula Ósea; IPI, 
International Prognostic Index; KM, Kaplan-Meier survival analysis; LDH, lactate dehydrogenase; LGBCL, low-grade B-cell lymphoma; 
NCCN, National Comprehensive Cancer Network; NOS, not otherwise specified; OS, overall survival; PFS, progression-free survival; PS, 
performance score; R-CHOP, rituximab with cyclophosphamide, doxorubicin, vincristine and prednisone; R-CVP, rituximab with cyclo-
phosphamide, vincristine and prednisone; SD, standard deviation.
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ence of B symptoms, and low ARDI level showed statistically  
significance. However, the Hans cell-of-origin subgroup did 
not significantly correlate with survival outcome (p > 0.05) 
(Table 1).

2. Non-linear relationship between patient age and sur-
vival outcome

First, we examined the relationship between the age and 
survival outcome using the Martingale residuals from both 
null (no predictor included) and multivariate Cox PH mod-

Fig. 1.  Relationship between patient age and survival outcome. (A, B) Martingale residual plots from null Cox proportional hazard (PH) 
models for overall survival (OS) (A) and progression-free survival (PFS) (B), with scatterplot smoothing lines showing a rapid increasing 
pattern of smoothened Martingale residuals (indicating relative hazards) as age exceeded 62 years. (C, D) Martingale residual plots for 
multivariate Cox PH models fitted according to age-adjusted international prognostic index, presence of B symptoms, and average relative 
dose intensity for OS (C) and PFS (D). Plots show scatterplot smoothing lines with similar patterns to those in (A) and (B). (E, F) Univariate 
relative hazard plots for restricted cubic spline–transformed age variables for OS (E) and PFS (F) displaying the patterns identical to those 
of the scatterplot smoothing lines shown in (A) and (B). The gray areas denote 95% confidence intervals, and the interrupted vertical lines 
indicate age of 62 years.
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els (Fig. 1A and B). Age-adjusted IPI risk, presence of B  
symptom, and categorized ARDI variables (less or more than 
85%) were included as predictor variables in the multivari-
ate Cox PH models. Scatterplot smoothing lines between the 
Martingale residuals of the null Cox models and age vari-
ables were not significantly different between patients aged 
up to 62 years. However, when age exceeded 62 years, the 
Martingale residuals started to increase rapidly and expo-
nentially; which is apparent in the models for overall survival 
(OS) and progression-free survival (PFS). These relationships 

were maintained when data was examined using a multivar-
iate Cox model (Fig. 1C and D) and the DLBCL-NOS group 
(S1A-D Fig.). These findings suggest that the relative hazard  
increases only for patients aged > 62 years.

The non-linear relationship between the age variable and 
relative hazard was also evaluated using variable transfor-
mation models. The shape of the predicted relative hazard 
curves (Fig. 1E and F) calculated from the selected models 
was similar to that of the smoothened curve of the Martingale 
residual plot (Fig. 1A and B). Also, these relationships were 

Fig. 2.  Kaplan-Meier survival analyses for age variables categorized according to known cutoff criteria. (A, B) Age variables for the con-
ventional IPI. (C, D) Age variables for the NCCN-IPI. (E, F) Age variables for the GELTAMO-IPI. GELTAMO, Grupo Español de Linfomas/
Trasplante Autólogo de Médula Ósea; IPI, International Prognostic Index; NCCN, National Comprehensive Cancer Network. 
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reproduced identically in subgroup analysis of the DLB- 
CL-NOS group (S1E and S1F Fig.). Therefore, it can be con-
cluded that the age variable and survival outcome are not 
linearly correlated; the relative hazard was not significantly 
different for those aged younger than 62 years, but increased 
rapidly when the age variable exceeded 62 years.

 
3. Prognostic significance of categorized age variables  
according to known cutoff criteria

Finally, we examined the prognostic significance of three 
known cutoff criteria for age variables: the conventional IPI, 
the NCCN-IPI, and the GELTAMO-IPI (Table 1). Although 
all univariate survival analyses of age variables categorized 
according to the conventional IPI, the NCCN-IPI, and the 

GELTAMO-IPI schemes were statistically significant both for 
OS and PFS, only the elderly patient groups (age > 75 or ≥ 80 
years) showed markedly inferior survival outcomes (Table 
1, Fig. 2A-F), which was also observed in the DLBCL-NOS 
subgroup (data not shown). In line with this trend, only the 
patients aged > 75, classified according to the NCCN-IPI cri-
terion, displayed an independently poor survival outcome in 
multivariate analysis adjusted for age-adjusted IPI and ARDI 
variables (Table 3). Age variables divided by the cutoffs of 
conventional IPI and 62 years were non-significant in multi-
variate analyses; nevertheless, some of the significance levels 
were borderline (Table 4, S2 Table). In addition, multivariate 
analysis revealed that age > 80 years, classified according to 
the GELTAMO-IPI criterion, was statistically significant only 

Table 3.  Results of multivariate Cox PH analysis of age variables categorized according to the NCCN-IPI criterion

Parameter
		  OS			   PFS

	 HR	 95% CI	 p-value	 HR	 95% CI	 p-value

Age-adjusted IPI risk
    Low	 1	 -	 -	 1	 -	 -
    Low-intermediate	 1.44	 0.77-2.71	 0.252	 1.72	 1.08-2.73	 0.022
    High-intermediate	 4.38	 2.59-7.43	 < 0.001	 3.37	 2.21-5.15	 < 0.001
    High	 3.67	 1.69-7.97	 0.001	 3.36	 1.78-6.33	 < 0.001
ARDI < 85%	 1.07	 0.72-1.61	 0.728	 1.06	 0.75-1.50	 0.729
Presence of B symptoms	 1.61	 1.07-2.41	 0.022	 1.47	 1.04-2.09	 0.031
Age (yr)						    
    ≤ 40	 1	 -	 -	 1	 -	 -
    41-60	 0.76	 0.46-1.24	 0.271	 0.95	 0.62-1.45	 0.804
    61-75	 1.00	 0.60-1.69	 0.989	 1.19	 0.75-1.87	 0.463
    > 75	 3.11	 1.36-7.12	 0.007	 2.74	 1.27-5.92	 0.010
ARDI, average relative dose intensity; CI, confidence interval; HR, hazard ratio; IPI, International Prognostic Index; NCCN, National 
Comprehensive Cancer Network; OS, overall survival; PFS, progression-free survival; PH, proportional hazard.

Table 4.  Results of multivariate Cox PH analysis of age variables categorized according to the conventional IPI criterion

Parameter
		  OS			   PFS

	 HR	 95% CI	 p-value	 HR	 95% CI	 p-value

Age-adjusted IPI risk
    Low	 1	 -	 -	 1	 -	 -
    Low-intermediate	 1.44	 0.77-2.70	 0.255	 1.71	 1.08-2.71	 0.023
    High-intermediate	 4.55	 2.68-7.72	 < 0.001	 3.44	 2.25-5.25	 < 0.001
    High	 3.66	 1.69-7.94	 0.001	 3.33	 1.77-6.28	 0.0002
ARDI						    
   < 85%	 1.10	 0.74-1.64	 0.650	 1.09	 0.78-1.53	 0.621
Presence of B symptoms	 1.54	 1.03-2.31	 0.037	 1.45	 1.02-2.06	 0.040
Age (yr)						    
   > 60	 1.36	 0.92-2.00	 0.121	 1.33	 0.95-1.84	 0.092

ARDI, average relative dose intensity; CI, confidence interval; HR, hazard ratio; IPI, International Prognostic Index; OS, overall survival; 
PFS, progression-free survival; PH, proportional hazard.
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for OS but significantly borderline for PFS, which could be 
attributable to the small number of the patients with > 80 
years old (n=6). Interestingly, age 65 to < 80 was statistically 
significant for PFS, but was significantly borderline for OS 
(Table 5). These results of multivariate analyses were also  
recapitulated when the DLBCL-NOS subgroup was subject-
ed to the same analysis (S3-S5 Tables), except that patients  
> 80 years old were borderline significant for PFS (p=0.086) 
(S4 Table). Further analyses of the Hans cell-of-origin-availa-
ble subgroup revealed a significantly poor OS outcome only 
for patients > 75 years old (p=0.045) (data not shown).

Discussion

In the present study, we showed that the age variable 
correlated with patient survival in a non-linear fashion in  
Korean DLBCL patients. The relative hazards for both OS and 
PFS did not change significantly for patients younger than 
62 years; however, they increased rapidly in patients older 
than 62 years. This pattern was maintained in the multivari-
ate Cox PH model. Accordingly, the age variable categorized 
according to the conventional IPI cutoff was non-significant 
in the multivariate Cox PH model. Only age > 75 years, the 
last-tier category according to the NCCN-IPI, was statisti-
cally significant for both OS and PFS in the multivariate Cox 
model. We found that age ≥ 80 years, the last-tier according 
to the GELTAMO-IPI, was not significantly associated with 
PFS in multivariate analysis; this could be attributable to the 
small sample size of the group (n=6). In other words, known 
age cutoff values may be of limited value for predicting prog-
nosis in Korean DLBCL patients treated with rituximab-con-

taining agents. These cutoff values need to be re-established 
taking into account the above non-linear relationship.

Previous Western population-based studies show that sur-
vival outcomes for patients with DLBCL deteriorate propor-
tionally as age of onset increases [18,19]. Also, a NCCN-IPI 
study based on data from large Western multicenter DLBCL 
cohorts reveals that age of onset is linearly associated with 
survival outcome [7]. By contrast, a GELTAMO-IPI study 
based on a large-scale Spanish DLBCL population reported 
a non-linear relationship between age and patient survival, 
with changes in the relative hazard noted after age 65 and 79 
years [8]. In addition, a previous Korean multicenter study 
based on a prospective R-CHOP–treated DLBCL cohort 
showed a proportional increase in the hazard ratio when 
comparing the four NCCN-IPI age groups; however, the 
increase in the hazard ratio was significant only for groups 
aged > 60 years [20], which suggests a non-linear relation-
ship between patient age and survival outcome. Further 
multicenter studies based on large-scale Korean cohorts 
will be needed to validate this relationship and establish the  
appropriate risk stratification criterion for DLBCL patients 
treated with rituximab.

Patient age is a prognostic factor for various cancers [21-23]. 
Elderly patients are more likely to encounter adverse drug 
effects [24]; thus dose adjustment during treatment is more 
common in older patients with DLBCL [25]. In addition, sev-
eral biologic features associated with poor prognosis, such 
as activated B-cell-like subtype [26], BCL2 expression, or 
cytogenetic complexity [27], are more common in older age 
groups with DLBCL, which may also contribute to the infe-
rior prognosis for elderly patients. Here, we demonstrated 
that the relationship between patient age and survival may 

Table 5.  Results of multivariate Cox PH analysis of age variables categorized according to the GELTAMO-IPI criterion

Parameter
		  OS			   PFS

	 HR	 95% CI	 p-value	 HR	 95% CI	 p-value

Age-adjusted IPI risk
    Low	 1	 -	 -	 1	 -	 -
    Low-intermediate	 1.42	 0.76-2.66	 0.276	 1.68	 1.06-2.67	 0.028
    High-intermediate	 4.30	 2.53-7.32	 < 0.001	 3.31	 2.16-5.07	 < 0.001
    High	 3.65	 1.68-7.91	 0.001	 3.31	 1.76-6.24	 < 0.001
ARDI						    
    < 85%	 1.04	 0.69-1.57	 0.839	 1.04	 0.74-1.47	 0.811
Presence of B symptoms	 1.60	 1.06-2.41	 0.024	 1.48	 1.04-2.11	 0.029
Age (yr)						    
    < 65	 1	 -	 -	 1	 -	 -
    65-79	 1.45	 0.95-2.21	 0.082	 1.45	 1.02-2.06	 0.041
    ≥ 80	 4.14	 1.47-11.65	 0.007	 2.50	 0.90-6.92	 0.078
ARDI, average relative dose intensity; CI, confidence interval; GELTAMO, Grupo Español de. Linfomas/Trasplante Autólogo de Médula 
Ósea; HR, hazard ratio; IPI, international prognostic index; OS, overall survival; PFS, progression-free survival; PH, proportional hazard.
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be different between Western and Eastern populations with 
DLBCL. This suggests socioeconomic, pharmacodynamic, 
and biologic differences between these populations, which 
will be characterized in further studies.

The present study has several limitations. First, it is based 
on a retrospective single center cohort; this increases the risk 
of selection bias and may affect the difference in the prog-
nostic impacts of the variables between the present study 
and previous studies. Furthermore, patients were not evenly 
distributed according to decade of age, which could also  
increase the risk of selection bias. In addition, the study does 
not reflect the biologic heterogeneity of DLBCL, which could 
skew the survival outcomes of the different age groups. 
Nevertheless, the study did take into account the prognostic  
effects of chemotherapy dose adjustments, which could 
worsen survival outcomes of elderly patients with DLBCL 
[28]. Therefore, we believe that the results of the present 
study help to explain the prognostic effects of patient age on 
outcomes for DLBCL patients treated with R-CHOP. 

In conclusion, the age of Korean DLBCL patients in the 
rituximab era may correlate with the survival outcome in a 
non-linear fashion with the rapid increase of relative hazard 
only in patients aged > 62 years. Because known criteria for 

classifying age groups may not efficiently reflect this rela-
tionship, further large-scale studies will be required to vali-
date the trend and establish an efficient age-based prognostic 
criterion.
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