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Abstract

Background: The aim of the study was to determine the interactive 
effect of age on overall survival (OS) and relative survival (RS) bene-
fits of radiotherapy (RT) in early-stage diffuse large B-cell lymphoma 
(DLBCL).

Methods: Data for 10,841 adults with early-stage DLBCL from the 
Surveillance, Epidemiology, and End Results database between 2002 
and 2015 were retrospectively analyzed. Primary therapy was classi-
fied as combined-modality treatment (CMT; n = 3,631) and chemo-
therapy alone (n = 7,210). Inverse probability of treatment weight-
ing was used to balance covariate distribution between the treatment 
groups. Survival was estimated and compared using the Kaplan-Mei-

er method and log-rank test, respectively. Age-RT interactive effect 
on survival was examined through Cox regression multiplicative in-
teraction analysis.

Results: Using age of 60 years as the reference, older age was an 
independent predictor of shorter OS in the multivariable Cox model 
(hazard ratio (HR), 1.07; 95% confidence interval (CI), 1.06–1.07; P 
< 0.001). After controlling for background mortality, older age was 
not an independent predictor of RS (HR, 1.00; 95% CI, 0.99–1.00; P 
= 0.842). Across all age groups, patients treated with CMT had bet-
ter OS and RS than those who received chemotherapy alone. A sig-
nificant interaction between age and RT was identified for both OS 
(Pinteraction = 0.020) and RS (Pinteraction = 0.038), indicating greater RT 
benefit in young patients. A linear correlation existed between RS and 
OS at the treatment arm level.

Conclusions: RT was associated with improved net survival across 
all ages, particularly for young adults. RS was a valid alternative end-
point for prognostication and benefit evaluation.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common 
subtype of aggressive non-Hodgkin lymphoma (NHL) [1]. At 
initial diagnosis, 25–30% of the patients are in early stages, 
having an excellent prognosis with 10-year overall survival 
(OS) rates of 70–90% following curative treatment [2]. How-
ever, OS consistently decreases with longer follow-up dura-
tions after initial treatment because of non-lymphoma-related 
deaths (non-LRDs), including background or treatment-relat-
ed deaths [3]. Rituximab was approved by the US Food and 
Drug Administration (FDA) in the early 2000s for the front-
line treatment of DLBCL. Previous studies generally regard 
the period following its approval and clinical application as 
the rituximab era. Rituximab combined with CHOP (cyclo-
phosphamide, doxorubicin, vincristine, and prednisone) or 
CHOP-like chemotherapy regimens, with or without consoli-
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dative radiotherapy (RT), is considered the standard therapy 
for early-stage DLBCL [4–7].

The role of consolidative RT in the management of early-
stage DLBCL remains controversial [8]. A few randomized 
studies have successfully omitted RT to minimize long-term 
toxicity while maintaining excellent outcomes [9–11]. How-
ever, the patients in these studies were highly selective and 
did not reflect the real-world DLBCL patient population, such 
as elderly patients and those with comorbidities. Real-world 
data reported an OS benefit of combined-modality treatment 
(CMT) ranging from 4% to 13% compared to chemotherapy 
alone [3, 12–14]. In a recent comprehensive meta-analysis, we 
demonstrated that the OS benefit of RT was related to pro-
gression-free survival (PFS) after chemotherapy for DLBCL 
[15]. The OS benefit of RT was more pronounced in patients at 
intermediate or high risk of progression (PFS ≤ 80%) but was 
limited in those at low risk (PFS > 80%).

DLBCL commonly occurs in elderly patients, with a me-
dian age at diagnosis exceeding 60 years [1]. These individuals 
have been reported to experience significantly worse outcomes 
[16]. Prognostic models for DLBCL invariably include old age 
as an independent risk factor [17–21], but most of these large 
cohort studies have used crude survival indices, such as OS, 
as an endpoint, while failing to fully elucidate how treatment 
affects outcomes in DLBCL patients due to potential bias from 
non-LRDs. Determining the cause of death can be challenging 
over a long-term follow-up, particularly among elderly indi-
viduals having multiple comorbidities. Relative survival (RS) 
circumvents the confounding factors by using the expected 
mortality hazard from the general population as a reference 
to accurately reflect the DLBCL-related survival loss and the 
relationship between age and treatment benefit [3, 22, 23]. In 
a recent study [3], we demonstrated that RT was associated 
with reduced LRDs and improved long-term RS in early-stage 
DLBCL. In this predominantly elderly population, it is criti-
cal to explore how age affects prognosis and the net survival 
benefit of treatment.

This study analyzed the Surveillance, Epidemiology, and 
End Results (SEER) database to investigate the age-depend-
ent, interactive effect of RT on OS and RS benefits for early-
stage DLBCL in the rituximab era.

Materials and Methods

Eligibility criteria and study population

We performed a retrospective analysis of data from early-stage 
DLBCL patients registered in the SEER database in the rituxi-
mab era between 2002 and 2015. As detailed previously [3], 
early-stage patients who underwent CMT (chemotherapy and 
RT) or chemotherapy alone were eligible for inclusion.

Age was analyzed as a continuous variable and was 
also categorized into four age groups: 18–40, 41–60, 61–80, 
and > 80 years. The year of diagnosis was categorized as 
2002–2008 or 2009–2015. The cause of death was classified 
as LRD or non-LRD based on the variables “SEER cause-
specific death classification” and “SEER other cause of death 

classification,” obtained from the SEER database.

Endpoints

The primary endpoints were RS and OS. RS was defined as net 
survival in the absence of other causes of death (non-LRDs), 
and was calculated as the ratio of actual survival to the ex-
pected survival for equivalent groups from the age-, sex-, and 
calendar year-matched general US population using the Ederer 
II method [24]. OS was measured from the date of diagno-
sis to the date of death from any cause. Based on the need 
for a 10-year follow-up to identify the maximal survival dif-
ference and treatment benefit [3], 10-year OS and RS values 
were considered the primary benchmark to assess increased 
risk of mortality. LRD was defined as DLBCL-related deaths 
not resulting from other causes or long-term treatment toxicity. 
Standardized mortality ratio (SMR) was defined as the ratio of 
actual mortality in the study cohort to the expected mortality 
in the matched general US population. A SMR > 1.0 indicated 
a worse than expected survival.

Statistical analysis

The cumulative mortality incidence according to the cause of 
death was calculated through competing risk analysis using 
Gray’s test. Survival was analyzed using the Kaplan-Meier 
method and compared between treatment groups using the 
log-rank test. Differences among categorical variables were 
assessed using the Chi-square test. Penalized splines were 
fitted in the multivariate Cox model to smooth out the in-
stantaneous probability (hazard ratio (HR)) of survival ac-
cording to age as a continuous variable. Inverse probability 
of treatment weighting (IPTW) was applied using propen-
sity scores to balance the treatment arms [25]. Standardized 
mean differences were used to assess the balance of covari-
ates, with a value of < 0.1 considered acceptable [26]. After 
adjusting for covariates using IPTW, a transformed Cox re-
gression model for RS was used to examine excess mortality 
related to the treatment arms [27]. The correlation between 
OS and RS across subgroups was estimated using Pearson’s 
correlation coefficient (r) in linear regression. Age-RT in-
teraction on survival was examined through Cox regression 
multiplicative interaction analysis [28]. Statistical analyses 
were performed using the compareGroups, cmprsk, cmprsk-
coxmsm, ipw, survival, relsurv, survminer, popEPi, simPH, 
and smoothHR packages in R, version 4.3.1. Data from the 
SEER database (SEER Research Plus Data, 17 Registries, 
Nov 2021 Sub (2000–2019)) were queried using SEER*-Stat 
software, version 8.4.0.

Ethics approval and Institutional Review Board statement

This study analyzed data obtained from publicly available, 
fully anonymized datasets; therefore, ethical approval and 
informed consent were not required in accordance with local 
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guidelines, and Institutional Review Board approval was not 
applicable.

Results

Baseline characteristics and treatments

Table 1 summarizes the clinical characteristics of 10,841 pa-

tients stratified into four age groups. The median age at diag-
nosis was 63 years, with a range of 18–100 years. The male-
to-female ratio was 1.17:1. A small proportion of patients were 
aged ≤ 40 years (n = 1,401; 12.9%) or > 80 years (n = 1,363; 
12.6%). Stage-I disease was detected in 47.8% of the patients.

Regarding treatment, 3,631 (33.5%) patients received 
CMT, while 7,210 (66.5%) received chemotherapy alone. The 
proportion of patients receiving initial RT declined with age, 
with 40.2%, 35.5%, 31.1%, and 29.9% in the 18–40, 41–60, 61–
80, and > 80 years age groups, respectively. After adjusting for 

Table 1.  Baseline Characteristics of Early-Stage DLBCL Patients, Stratified by Age Groups at Diagnosis (2002–2015)

Characteristic 18–40 years, n (%) 41–60 years, n (%) 61–80 years, n (%) > 80 years, n (%) P
Total 1,401 (100) 3,338 (100) 4,739 (100) 1,363 (100)
Sex < 0.001
    Male 756 (54.0) 2,009 (60.2) 2,454 (51.8) 622 (45.6)
    Female 645 (46.0) 1,329 (39.8) 2,285 (48.2) 741 (54.4)
Race < 0.001
    White 1,044 (74.5) 2,659 (79.7) 3,988 (84.2) 1,203 (88.3)
    Black 182 (13.0) 335 (10.0) 255 (5.4) 35 (2.6)
    Other/unknown 175 (12.5) 344 (10.3) 496 (10.5) 125 (9.2)
Stage 0.001
    I 649 (46.3) 1,515 (45.4) 2,335 (49.3) 681 (50.0)
    II 752 (53.7) 1,823 (54.6) 2,404 (50.7) 682 (50.0)
B symptoms < 0.001
    Yes 366 (26.1) 695 (20.8) 862 (18.2) 246 (18.0)
    No 766 (54.7) 1,865 (55.9) 2,709 (57.2) 765 (56.1)
    Unknown 269 (19.2) 778 (23.3) 1,168 (24.6) 352 (25.8)
Primary site < 0.001
    Nodal 969 (69.2) 2,101 (62.9) 2,783 (58.7) 766 (56.2)
    Extranodal 432 (30.8) 1,237 (37.1) 1,956 (41.3) 597 (43.8)
Marital status < 0.001
    Married 605 (43.2) 2,030 (60.8) 2,943 (62.1) 618 (45.3)
    Divorced/separated/widowed 63 (4.5) 455 (13.6) 1,083 (22.9) 599 (43.9)
    Unmarried/single 674 (48.1) 724 (21.7) 491 (10.4) 87 (6.4)
    Unknown 59 (4.2) 129 (3.9) 222 (4.7) 59 (4.3)
Period 0.026
    2002–2008 668 (47.7) 1,550 (46.4) 2,079 (43.9) 631 (46.3)
    2009–2015 733 (52.3) 1,788 (53.6) 2,660 (56.1) 732 (53.7)
Therapy < 0.001
    CT alone 837 (59.7) 2,154 (64.5) 3,264 (68.9) 955 (70.1)
    CMT 564 (40.3) 1,184 (35.5) 1,475 (31.1) 408 (29.9)
Final outcome < 0.001
    Alive 1,222 (87.2) 2,446 (73.3) 2,296 (48.4) 229 (16.8)
    LRD 143 (10.2) 570 (17.1) 1,256 (26.5) 616 (45.2)
    Death from other cause 36 (2.6) 322 (9.6) 1,187 (25.0) 518 (38.0)

DLBCL: diffuse large B-cell lymphoma; CMT: combined modality treatment; CT: chemotherapy; LRD: lymphoma-related death.
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IPTW, the treatment groups had similar baseline characteristics.

Influence of age on causes of death and survival

The LRD and non-LRD profiles varied among age groups. Over 
a median follow-up of 81 months, 4,648 (42.9%) patients died of 
DLBCL (2,585/10,841; 23.8%) and other causes (2,063/10,841; 
19.0%). The patients generally exhibited a continuously increas-
ing risk for both LRD and non-LRD with age (Fig. 1). Younger 

patients (≤ 60 years) had a lower risk of LRD and non-LRD 
than older patients but remained at a consistently higher risk 
for LRD than for non-LRD during the follow-up (Fig. 1a, b). 
However, older patients (> 60 years) had a consistently higher 
risk for non-LRD during the follow-up. Subsequently, beyond 
12 years, these patients were at a higher risk of mortality from 
causes other than DLBCL (Fig. 1c, d). The 10-year cumulative 
incidences of LRD and non-LRD in the age groups of 18–40, 
41–60, 61–80, and > 80 years were 10.5% and 2.1%, 17.2% and 
8.3%, 26.4% and 24.5%, and 46.4% and 39.5%, respectively.

Figure 1. Influence of age on causes of death and survival. Cumulative incidence of LRDs and non-LRDs in the age groups of 
< 40 years (a), 41–60 years (b), 61–80 years (c), and > 80 years (d). Association of age (as a continuous variable) with OS (e) 
and RS (f) based on the reference age of 60 years. The mean HRs and 95% CIs are represented by solid and dashed lines, 
respectively. LRD: lymphoma-related death; non-LRD: non-lymphoma-related death; OS: overall survival; RS: relative survival; 
CI: confidence interval; HR: hazard ratio.
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To determine the effect of age on survival outcomes, we 
further explored how age as a continuous variable affects OS 
and RS. After adjusting for all clinical covariates in multi-
variable analysis, older age was an independent adverse fac-
tor for OS (HR, 1.07; 95% CI, 1.06–1.07; P < 0.001) (Fig. 
1e), without an apparent cutoff point (although 60 years is 
frequently used as the reference age). In contrast, older age 
was not an independent predictor of RS (HR, 1.00; 95% CI, 
0.99–1.00; P = 0.842) (Fig. 1f). This suggests that, after cor-
recting for background mortality, patient age did not affect 
RS in DLBCL.

Survival benefit of RT in age-stratified groups

Figure 2 presents the observed OS in age-stratified patients and 
the expected OS in the matched general US population. The 
10-year observed OS rates for CMT in the age groups of 18–
40, 41–60, 61–80, and > 80 years were 92.3%, 80.6%, 57.6%, 
and 16.8%, compared to 84.0% (HR, 0.45; 95% CI, 0.32–0.63; 
P < 0.001), 71.0% (HR, 0.62; 95% CI, 0.54–0.72; P < 0.001), 
45.1% (HR, 0.66; 95% CI, 0.60–0.72; P < 0.001), and 13.0% 
(HR, 0.74; 95% CI, 0.65–0.84; P < 0.001) for chemotherapy 
alone, respectively. After balancing the treatment arms through 
IPTW, CMT remained associated with improved OS across all 
age groups (Fig. 3a).

The 10-year RS rates for CMT in the age groups of 18–40, 

41–60, 61–80, and > 80 years were 93.7%, 87.0%, 82.0%, 
and 69.7% (Fig. 4), compared to 85.4% (HR, 0.45; 95% CI, 
0.32–0.63; P < 0.001), 76.9% (HR, 0.64; 95% CI, 0.55–0.74; 
P < 0.001), 64.4% (HR, 0.66; 95% CI, 0.60–0.72; P < 0.001), 
and 55.5% (HR, 0.75; 95% CI, 0.66–0.85; P < 0.001) for 
chemotherapy alone, respectively. Balancing with IPTW and 
adjusting for covariates through Cox multivariable regression 
analysis also yielded similar results (Fig. 3b).

The SMRs for CMT in the age groups of 18–40, 41–60, 61–
80, and > 80 years were 4.43 (95% CI, 3.31–5.94; P < 0.001), 
2.80 (95% CI, 2.47–3.17; P < 0.001), 1.62 (95% CI, 1.50–1.75; 
P < 0.001), and 1.35 (95% CI, 1.21–1.51; P < 0.001), compared 
to 10.85 (95% CI, 9.17–12.86; P < 0.001), 4.56 (95% CI, 4.22–
4.93; P < 0.001), 2.56 (95% CI, 2.44–2.68; P < 0.001), and 
1.86 (95% CI, 1.73–1.99; P < 0.001) for chemotherapy alone, 
respectively. The natural spline analysis revealed a lower SMR 
for CMT compared to that for chemotherapy alone at all ages 
up to 90 years (Supplementary Material 1, jh.elmerpub.com).

Subgroup analyses showed robust OS and RS benefits 
of CMT vs. chemotherapy alone, regardless of age, sex, race, 
marital status, stage, B symptoms, primary site, and period of 
diagnosis (Supplementary Material 2, jh.elmerpub.com).

Interaction between age and RT on survival benefits

We observed that the HRs of RT vs. non-RT for both OS and RS 

Figure 2. Crude overall and expected survival rates in the general US population according to age groups: < 40 years (a), 41–60 
years (b), 61–80 years (c), and > 80 years (d). CMT: combined-modality treatment; CT: chemotherapy.

https://jh.elmerpub.com
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increased with age after balancing the treatment arms through 
IPTW, but were always less than 1, clearly demonstrating the 
survival benefits of RT for early-stage DLBCL. For OS, the HRs 
of RT vs. non-RT in the age groups of 18–40, 41–60, 61–80, and 
> 80 years were 0.43 (0.30–0.61), 0.68 (0.58–0.79), 0.67 (0.61–
0.73), and 0.75 (0.66–0.85), respectively (Fig. 3a). For RS, the 
HRs of RT vs. non-RT were 0.45 (0.32–0.63), 0.68 (0.59–0.79), 
0.68 (0.62–0.75), and 0.77 (0.67–0.87), respectively (Fig. 3b).

Considering the potential age-treatment interaction, RT 
vs. non-RT was associated with better OS (HR, 0.45; 95 % 
CI, 0.31–0.65; P < 0.001) (Fig. 3c) and RS (HR, 0.48; 95 % 
CI, 0.34–0.68; P < 0.001) (Fig. 3d), taking age as a continuous 
variable. Furthermore, a significant interaction between age 
and RT was identified in both OS (Pinteraction = 0.020) and RS 
(Pinteraction = 0.038) after adjusting through IPTW and multi-
variable analysis, suggesting greater benefit of RT in younger 
than in older patients.

Linear association of OS and RS benefits of RT

Finally, we evaluated the correlation between OS and RS bene-

fits of RT across subgroups stratified by clinical characteristics 
and age. At the treatment-arm level, 5-year OS rate correlated 
linearly with 5-year RS rate, regardless of CMT (r = 0.820, P < 
0.001) (Fig. 5a) or chemotherapy alone (r = 0.942, P < 0.001). 
A similar linear correlation was observed between 10-year 
OS and RS rates according to the treatment administered, i.e., 
CMT (r = 0.849, P < 0.001) (Fig. 5b) or chemotherapy alone 
(r = 0.914, P < 0.001). The HR of RT vs. non-RT for OS cor-
related well with the RS benefit of RT across subgroups strati-
fied by clinical characteristics and age (r = 0.812, P < 0.001) 
(Fig. 5c). This indicated that treatment gain of RT in RS could 
predict OS benefit with an acceptable consistency.

Discussion

The heterogeneity of DLBCL and the high competing risk of 
non-LRDs in elderly patients make an assessment of the true 
survival benefit of RT challenging. In this population-based 
study, older age was found to be associated with poor prog-
nosis when OS was used as the endpoint. However, similar 
results were not obtained for RS after controlling for back-

Figure 3. Interaction between age and RT on survival benefits after balancing through IPTW and controlling for clinical covari-
ates. (a) HR for OS (RT vs. non-RT) in the four age groups. (b) HR for RS (RT vs. non-RT) in the four age groups. (c) HR for OS 
(RT vs. non-RT) according to age as a continuous variable. The simulated plot for the interaction between age and OS efficacy of 
RT depicts the HR for OS in patients treated with or without RT. (d) HR for RS (RT vs. non-RT) according to age as a continuous 
variable. The simulated plot for the interaction between age and RS efficacy of RT depicts the HR for RS in patients treated with 
or without RT. HR: hazard ratio; IPTW: inverse probability of treatment weighting; OS: overall survival; RS: relative survival; RT: 
radiotherapy.
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ground mortality. CMT resulted in higher long-term OS and 
RS rates and a lower SMR compared to chemotherapy alone 
across all ages. The interaction between age and RT indicated 
that younger patients derived greater survival benefits from 
RT than older patients. In addition, there was a linear correla-
tion between RS and OS at the treatment arm level, indicating 
that RS is a valid alternative endpoint for prognostication and 

evaluation of treatment benefit. These findings suggested that 
additional RT improves net survival across all ages in early-
stage DLBCL patients in the rituximab era, particularly in 
young adults.

Understanding the actual relationship between age and 
net survival benefit is important for prognostication and treat-
ment selection in DLBCL. The patterns and incidence rates of 

Figure 4. Relative survival differences in patients receiving initial CMT versus chemotherapy alone according to age groups: < 40 
years (a), 41–60 years (b), 61–80 years (c), and > 80 years (d). CMT: combined-modality treatment; CT: chemotherapy.

Figure 5. Linear association of OS and RS benefits at the treatment arm level. (a) Linear associations between 5-year OS and 
5-year RS rates in subgroups stratified by clinical factors and age. (b) Linear associations between 10-year OS and 10-year RS 
rates in subgroups stratified by clinical factors and age. (c) Linear associations between HR (RT vs. non-RT) for OS and RS 
across subgroups stratified by clinical factors and age. CMT: combined-modality treatment; CT: chemotherapy; HR: hazard ratio; 
OS: overall survival; RS: relative survival; RT: radiotherapy.
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LRDs and non-LRDs differed among the age groups. The risk 
of LRD and non-LRD increased with increasing age in early-
stage DLBCL. However, patients aged ≤ 60 years consistently 
remained at a higher risk for mortality from DLBCL than from 
other causes after diagnosis, whereas those aged > 60 years 
were at a higher risk of mortality from other causes than from 
DLBCL beyond 10 years of follow-up. Although previous 
prognostic models have used old age at a cutoff point of 60 
years as a risk factor in DLBCL [13, 14, 17, 19–21], we dem-
onstrated a linear increase in mortality risk without an apparent 
age cutoff demarcating the OS difference. After controlling for 
background mortality, older age was no longer a poor prognos-
tic factor for RS, indicating RS as a potentially superior end-
point to OS in the elderly population. Despite the biological 
heterogeneity between different patient ages [29–31], the as-
sumption that elderly patients experience greater survival loss 
due to DLBCL compared to younger patients simply because 
of their advanced age is unjustified.

Previous studies have not specifically examined how age or 
background mortality affects the survival benefit of RT. In this 
study, CMT was associated with significantly better long-term 
survival rates than chemotherapy alone across all age groups, 
even after balancing for treatment selection bias and adjusting 
for covariates. The absolute gain in 10-year OS and RS rates 
for CMT vs. chemotherapy alone was approximately 10%. The 
most important finding of this study was that the RS rate of pa-
tients initially treated with CMT remained constantly high at ap-
proximately 95% at 10 years, with a plateau survival curve in 
young patients aged 18–40 years. Furthermore, the significant 
interaction between age and OS/RS suggested that additional 
RT provided significantly greater survival benefits in younger 
patients than in elderly patients. A possible explanation for this 
finding is that DLBCL patients are at constant risk for disease 
relapse after initial treatment [32–35], and younger patients, 
with longer life expectancies, experience more LRDs, making 
them more likely to benefit from local control of primary dis-
ease. Moreover, given the low competing risk of background 
mortality and the significant association of age with RT benefit, 
control of primary or bulky lesions may be particularly impor-
tant in young patients. For elderly patients, first-line treatment 
options should be based on a comprehensive geriatric risk-
benefit assessment [36]. Complete abandonment of RT during 
initial treatment in these patients may negatively influence the 
long-term net survival and should be approached with caution. 
Over the past two decades, radiation oncologists have attempted 
to optimize RT regimens through modern techniques, including 
involved-site intensify-modulated radiation therapy and low ra-
diation doses (24–36 Gy) [37–39]. Mediastinal lymph nodes are 
rarely involved in DLBCL patients except in cases of primary 
mediastinal B-cell lymphoma. Consequently, involved-site RT 
does not increase the risk of cardiac mortality [40, 41]. Based on 
these findings, randomized controlled trials are needed to con-
firm the survival benefit of additional RT in early-stage patients 
with unfavorable prognoses [13, 42].

In predominantly elderly DLBCL patients, having a me-
dian age of > 60 years, background mortality rates vary with 
increasing age and follow-up time because of deaths related 
to causes other than lymphoma [43]. RS analysis controls 
for background mortality in an age-, sex-, and calendar year-

matched general population, making it useful for assessing the 
net survival benefit of RT. This study further demonstrated a 
strong linear correlation between RS and OS at the treatment 
arm level. The HR of CMT vs. chemotherapy alone for RS cor-
related with that for OS across all subgroups, indicating that 
treatment gain of RT in RS could predict OS benefit with an 
acceptable consistency. Based on the results of this study, RS 
may be considered a valid alternative endpoint for prognosti-
cation and benefit evaluation, particularly in elderly patients.

Our study had several strengths. First, it was the first 
population-based study to assess the relationship between 
age and survival benefit of RT in early-stage DLBCL. The 
age-dependent RS benefit of RT for early-stage DLBCL was 
a unique finding that has not been reported previously. Even 
more importantly, the RS benefit of RT was greater in young 
patients, a demographic group with the highest concern for 
long-term RT-related deaths. Second, as an endpoint, RS was 
effectively used to adjust for background mortality, providing 
a more accurate assessment of treatment effectiveness and the 
true relationship between age and prognosis. Third, our data 
were derived from long-running cancer registries, making the 
results more generalizable than those from a single center. Our 
previous study demonstrated that long-term survivorship sur-
veillance is necessary to adequately assess treatment benefits 
for early-stage DLBCL [3].

There were several limitations of this study, mainly related 
to data availability from the SEER database. First, there was a 
lack of important clinical variables related to the selection or 
avoidance of RT, such as performance status, extranodal and 
bulky diseases, International Prognostic Index scores, serum 
lactate dehydrogenase levels, and comorbidities. Second, the 
absence of detailed information on immunochemotherapy pre-
vented us from determining which patients received R-CHOP. 
Third, there were difficulties in controlling for residual con-
founders while evaluating the treatment efficacy in a retro-
spective study. Therefore, the findings of this study need to be 
validated through well-designed randomized trials.

In conclusion, initial CMT resulted in better OS and RS, 
along with a lower SMR, compared to chemotherapy alone 
across all age groups. RS proved to be a valid endpoint, equiv-
alent to OS, in early-stage DLBCL. These findings highlight 
the potential role of consolidative RT as a part of first-line 
treatment for early-stage DLBCL in the rituximab era, particu-
larly in young adults.

Supplementary Material

Suppl 1. Natural spline plot for SMR (CMT vs. chemotherapy 
alone) according to age at diagnosis.
Suppl 2. Subgroup analyses for OS and RS. The forest plot 
depicts HRs for OS (A) and RS (B) among patients treated 
with CMT vs. chemotherapy alone.
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