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Background: There is no consensus regarding the risk stratification scores for elderly patients with diffuse large B-cell lymphoma 
(DLBCL). We aimed to compare the prognostic predictive ability of the current clinical scoring indices in DLBCL elderly patients 
treated with the R-CODP regimen (rituximab, cyclophosphamide, pegylated liposomal doxorubicin, vincristine, and prednisone).
Methods: We retrospectively collected the data of elderly DLBCL patients who received the R-CODP regimen as the first-line 
treatment. The efficacy of the regimen was evaluated. The Akaike information criteria (AIC), concordance index (C-index), and 
integrated discrimination improvement (IDI) were used to assess the fitness and prognostic performance of the current clinical 
prognostic indices.
Results: In the total of 158 patients enrolled, the median follow-up time was 6.7 years (95% CI: 6.3–7.9), and the 5-year OS was 52.8% (95% 
CI: 45.5%–61.2%). The International Prognostic Index (IPI), National Comprehensive Cancer Network-IPI (NCCN-IPI), and Elderly 
International Prognostic Index (E-IPI) were all significantly associated with OS (P < 0.001 for all). However, no significance was observed 
in 5-year OS in the low- vs low-intermediate-risk groups for IPI (P = 0.377), NCCN-IPI (P = 0.238), and E-IPI (P = 0.080). Compared with the 
IPI and NCCN-IPI, the E-IPI had the lowest AIC value of 747.5 and the highest C-index of 0.692. For predicting 5-year mortality, the E-IPI 
showed better performance (AUC: 0.715 for E-IPI vs 0.676 for IPI, P = 0.036), with the IDI of 6.29% (95% CI: 3.71%-8.88%, P < 0.001) and 
4.80% (95% CI: 1.32%-8.28%, P = 0.007) compared to the IPI and NCCN-IPI, respectively.
Conclusion: The E-IPI might be a better prognostic prediction model in Chinese DLBCL generics treated with R-CODP for 
predicting 5-year mortality. However, the IPI, NCCN-IPI, and E-IPI did not seem to be able to distinguish patients with a favorable 
prognosis well.
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Introduction
Diffuse large B-cell lymphoma (DLBCL) is the most common subtype of B-cell lymphoma and often occurs in elderly 
individuals.1,2 For these patients, the R-CHOP regimen (rituximab, cyclophosphamide, doxorubicin, vincristine, and 
prednisone) is recommended as the standard first-line treatment.3,4 However, the neurological and hematological side 
effects and cardiotoxicity of the treatment deserve attention, especially for elderly patients. Doxorubicin is the main agent 
that causes side effects, especially cardiotoxicity. Liposomal doxorubicin is a promising alternative drug to the current 
regimen, with a safety and efficacy profile through the enhanced permeability and retention effect and longer 
circulation.5–7 Regimens containing liposomal doxorubicin were reported to have less toxicity in treating patients with 
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AIDS-related non-Hodgkin’s lymphoma,8 lymphoma with advanced age,9 and lymphoma with concurrent cardiac 
diseases.10 The liposomal doxorubicin combination regimen for patients with lymphoma has been evaluated in some 
research with special concerns11–14 and is the most commonly used among older adults.15

Identifying patients’ risk stratification is critical for treatment selection. There is no consensus regarding the risk stratification 
system for elderly patients with DLBCL. The International Prognostic Index (IPI) scoring index is widely accepted but has been 
questioned for elderly patients.16 The National Comprehensive Cancer Network-IPI (NCCN-IPI) refines the categorization of 
age and other clinical indicators to enhance discrimination for low- and high-risk patients. However, the discrimination declines 
for elderly patients of different risk categories. Most patients are classified into the high-risk group due to the age.17 The elderly 
IPI (E-IPI) might have better prognostic performance for low- and low-intermediate-risk patients but still needs to be validated in 
the real world with larger samples.18

To the best of our knowledge, the comparison of the current clinical indices for generic DLBCL with the R-CODP in 
China has been less reported. Therefore, we aimed to compare the prognostic performance of the IPI, NCCN-IPI, and 
E-IPI for this population with multiple statistical methods.

Materials and Methods
Patients and Diagnosis
We retrospectively reviewed all consecutive patients at Peking University Cancer Hospital & Institute from September 2008 
to February 2017. The inclusion criteria included patients with age equal to or over 60 years at diagnosis, histologically 
diagnosed with DLBCL, and receiving at least one cycle of the R-CODP regimen as the first-line treatment. Patients with 
primary mediastinal large B-cell lymphoma, primary central nervous system lymphoma, gray-zone lymphoma, and 
lymphoma associated with HIV were excluded.

The immunohistochemistry (IHC) panel included CD19, CD20, CD3, CD5, CD10, BCL-2, BCL-6, CD21, CD23, 
CyclinD1, CD79a, CD45RO, Ki-67, CD30, ALK, Mum-1, c-myc, EBV, etc. All patients enrolled in this study were 
pathologically reviewed by a panel of experts at our center. Germinal center B-cell-like (GCB) and non-GCB were 
subclassified using CD10, BCL-6, and MUM1 expression by IHC.19 FISH testing for C-MYC, BCL-2, and BCL-6 and 
next gene sequencing, if appropriate, are not needed. Clinical stages were classified according to the Ann Arbor staging 
system.20 All patients were staged by position emission tomography (PET)/CT or CT and bone marrow biopsy at baseline. 
The risk stratification, including the IPI,16 NCCN-IPI,17 and E-IPI,18 was calculated based on baseline information.

Treatments and Response Evaluation
Patients with the early-stage disease were generally recommended to complete 4–8 cycles of R-CODP ± radiotherapy (RT) in 
our center. If patients had poor tolerance, 4 cycles of the R-CODP regimen followed by RT were permitted. For patients aged 
61–70 years old, we suggested 6–8 cycles of R-CODP or 6 cycles of R-CODP followed by 2 infusions of rituximab 
monotherapy. For patients aged 71–80 years, the dose was adjusted according to the modified comprehensive geriatric 
assessment described in the previous literature.21 R-miniCODP was administered for patients > 80 years old. All elderly 
patients were recommended to receive a granulocyte colony-stimulating factor agent against leukopenia or neutropenia.

An imaging examination was performed every 2 cycles during the treatment. The response (complete response [CR]; 
partial response [PR] and overall response rate [ORR]) was evaluated by the Lugano criteria accordingly.22

Endpoints
The primary endpoint was overall survival (OS), which was defined as the time from diagnosis to any cause of death or the 
last follow-up. Other endpoints were CR, PR, and ORR. Follow-ups for all-cause mortality were conducted until May 2022. 
Patient follow-up was performed by a combination of outpatient visits, medical records review, and telephone.

Model Comparison Parameters
Model fitness was compared by the Akaike information criteria (AIC).23 A smaller AIC represents a better fitting result. 
Generally, AIC comparisons between models generated a ΔAIC. ΔAIC ≥ 10 demonstrates a significant improvement in 
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model fitness; ΔAIC between 2 and 10 shows an improvement in fitness; ΔAIC < 2 indicates no improvement in model 
fitness.24 We also calculated Harrell’s concordance index (C-index) to evaluate the prognostic performance of the models. 
A C-index of 1 indicates perfect discrimination, and a C-index of 0.5 reflects a random guess. The discriminant validity 
of mortality at fixed time points was assessed by the area under the curve (AUC) and compared by the correlated AUCs 
by DeLong et al’s method.25

We used the “PredictABEL” package for calculating the integrated discrimination improvement (IDI) index to 
compare models.26,27 Patients who were lost to follow-up before the landmark time were censored. We also presented 
the reclassification table to show clinical differences in shifts among risk categories.

Statistical Analysis
Kolmogorov–Smirnov tests were performed as the normality test. If appropriate, continuous variables were presented as the 
mean and standard deviations or medians and interquartile range (IQR) or range. Categorical variables were expressed as 
a number with percentages. Continuous variables were compared by Student’s t test or the Mann‒Whitney U-test according to 
whether the data fit a normal distribution. The comparison of qualitative variables was performed using the χ2 test or adjusted 
using Fisher’s exact test.

The survival rates were estimated by the Kaplan‒Meier method and compared using the Log rank test. Hazard ratios 
were calculated using the Cox proportional model. We reported confidence intervals (CIs) as 95% confidence intervals. 
All statistical tests were two-sided, and a P value < 0.05 was considered statistically significant and conducted using 
R version 4.2.0 (https://www.r-project.org) and MedCal version 20.111 (https://www.medcalc.org).

Results
Baseline Characteristics
A total of 158 elderly patients with newly diagnosed DLBCL were enrolled in the present study. The median age was 72 
years (range 60–86), with a male-to-female ratio of 1:1, and 93 (58.9%) patients were aged 70 years or older. More than 
half (56.3%) of the patients had advanced disease (Ann Arbor stage III–IV), and 30.4%, 19.6%, and 22.8% of the 
patients were categorized into the high-risk group according to the IPI (≥ 3), NCCN-IPI (≥ 4), and E-IPI (≥ 3), 
respectively (Table 1).

Table 1 Patient Characteristics at Baseline

Characteristics Overall (n = 158)

Male (%) 78 (49.4)

Age at diagnosis (year)
Median (IQR) 73.0 (66.0–77.0)

60–69 (%) 65 (41.1)

70–79 (%) 69 (43.7)

≥ 80 (%) 24 (15.2)
Non-GCB (%) 113 (76.4)

B Symptom (%) 120 (75.9)

Ann Arbor stage III−IV (%) 89 (56.3)
ECOG > 2 (%) 140 (88.6)

High Serum LDH level (%) 71 (44.9)

No. of extranodal disease sites > 2 (%) 91 (57.6)
IPI risk group (%)

Low 50 (31.6)

LI 21 (13.3)

(Continued)
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Treatment Delivery and Response Evaluation
A total of 853 cycles of chemotherapy (instead of 948 estimated) were given. A median of 6 cycles was completed. One 
hundred and seven (67.7%) patients received at least 4 cycles of treatment. The median doses of CTX and PLD were 
638.8 mg/m2 (IQR: 463.5–727.5) and 21.0 mg/m2 (IQR: 12.6–23.6), respectively.

At the end of induction treatment, 150 patients were evaluable for response: the ORR was 74.7% (112/150), and CR 
was 50.7% (76/150). For 76 patients who achieved CR, only 3.9% were allocated to the low-risk NCCN-IPI group, 
whereas 55.3% and 42.1% of patients were classified in the low-risk E-IPI and IPI groups, respectively. For 38 non- 
responders (stable disease/progressive disease), 44.7%, 28.9%, and 34.2% were assigned to the high-risk group by IPI, 
NCCN-IPI, and E-IPI, respectively (Table 2).

Table 1 (Continued). 

Characteristics Overall (n = 158)

HI 39 (24.7)

High 48 (30.4)

NCCN-IPI risk group (%)
Low 6 (3.8)

LI 55 (34.8)

HI 66 (41.8)
High 31 (19.6)

E-IPI risk group (%)
Low 60 (38.0)
LI 30 (19.0)

HI 32 (20.3)

High 36 (22.8)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; 
Non-GCB, non-germinal center B cell; IPI, International prognostic index; NCCN-IPI, 
National Comprehensive Cancer Network-International prognostic index; E-IPI, Elderly- 
International prognostic index; LI, low-intermediate; HI, high-intermediate.

Table 2 Association Between Response and Clinical Prognostic Indices

Response χ2 P

CR (n = 76) PR (n = 36) SD (n = 4) PD (n = 34)

IPI risk group (%) 0.016
Low 32 (42.1) 8 (22.2) 1 (25.0) 6 (17.6) 8.522 < 0.001
LI 14 (18.4) 5 (13.9) 0 (0.0) 1 (2.9) 5.505 0.135
HI 17 (22.4) 9 (25.0) 1 (25.0) 12 (35.3) 2.068 0.523

High 13 (17.1) 14 (38.9) 2 (50.0) 15 (44.1) 11.470 0.005
NCCN-IPI risk group (%)

Low 3 (3.9) 2 (5.6) 0 (0.0) 1 (2.9) 0.493 0.890

LI 38 (50.0) 8 (22.2) 1 (25.0) 6 (17.6) 14.705 0.001
HI 30 (39.5) 14 (38.9) 1 (25.0) 18 (52.9) 2.488 0.478

High 5 (6.6) 12 (33.3) 2 (50.0) 9 (26.5) 16.365 < 0.001
IPI risk group (%) 0.016

Low 32 (42.1) 8 (22.2) 1 (25.0) 6 (17.6) 8.522 < 0.001
LI 14 (18.4) 5 (13.9) 0 (0.0) 1 (2.9) 5.505 0.135

HI 17 (22.4) 9 (25.0) 1 (25.0) 12 (35.3) 2.068 0.523
High 13 (17.1) 14 (38.9) 2 (50.0) 15 (44.1) 11.470 0.005

(Continued)
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Overall Survival
The median follow-up time was 6.7 years (95% CI: 6.3-7.9) for the whole cohort, with a maximum follow-up time of 
12.6 years. The median OS was 5.6 years (95% CI: 3.62-NA). The 1-, 3-, and 5-year OS rates were 79.1% (95% CI: 
73.7%–85.7%), 60.0% (95% CI: 52.8%–68.2%) and 52.8% (95% CI: 45.5%–61.2%), respectively.

Three clinical risk scoring indices were significantly associated with OS (P < 0.0001 for all). NCCN-IPI had the greatest 
absolute difference estimates between the high- and low-risk groups in 1- and 3-year OS, with Δ48.4% and Δ57.5%, 
respectively. However, for the 5-year OS, the E-IPI had the greatest absolute difference (E-IPI: Δ52.8%; IPI: Δ45.4%; 
NCCN-IPI: Δ44.1%). Notably, the IPI, NCCN-IPI, and E-IPI all could not identify a subgroup of patients with favorable 
long-term survival (Figure 1). No significance was observed in 5-year OS between the low- and low-intermediate-risk 
categories for NCCN-IPI (66.7% vs 70.8%; P = 0.238), IPI (71.9% vs 71.4%; P = 0.377), and E-IPI (71.6% vs 73.3%, P = 
0.080) (Supplementary Table 1).

Model Comparison
The fitness of the three models was compared using AIC. The AIC values were 763.1, 764.3, and 747.5 for the IPI, 
NCCN-IPI, and E-IPI, respectively. E-IPI with lower AIC values had the best fitness than IPI and NCCN-IPI with higher 
AIC values (Table 3). Although the difference was small in the evaluation of the C-index among the 3 clinical risk 
scoring indices, the E-IPI also had a higher discriminability than the IPI and NCCN-IPI (C-index: 0.692 for the E-IPI, 
0.665 for the IPI, and 0.652 for the NCCN-IPI).

Considering that the median follow-up time was 6.7 years (95% CI: 6.3–7.9), the risk prediction and model 
assessment horizon was chosen within 5 years. A significant improvement in predicting 5-year mortality was noted in 
the E-IPI with the IDI of 6.29% (95% CI: 3.71%-8.88%, P < 0.001) compared with the IPI and 4.80% (95% CI: 1.32%- 
8.28%, P = 0.007) and compared with the NCCN-IPI. However, NCCN-IPI failed to improve the predictive ability over 
IPI, with the IDI of 1.5% (95% CI: -1.72%-4.71%, P = 0.361). We also found that the E-IPI achieved the highest AUC 
value for predicting 1-, 3-, and 5-year mortality compared with the IPI and NCCN-IPI. Significance was observed 
between the IPI and E-IPI for predicting 5-year mortality (AUC: 0.676 vs 0.715, P = 0.036; Figure 2 and Table 4).

As shown in Figure 3, 2.7% (2/73) of patients with events incorrectly and 2.6% (2/78) without events correctly 
evaluated by E-IPI were reclassified in the lower (low/LI) or the higher (HI/high) risk groups compared to IPI. Similarly, 
2.7% (2/73) of patients had events incorrectly, and 7.7% (6/78) did not have events correctly assessed by E-IPI compared 
to NCCN-IPI.

Discussion
The burden and mortality of lymphoma among elderly patients have increased in China.28,29 Treatments for elderly 
patients with DLBCL remain a challenge. The R-CODP regimen is an alternative treatment approach and is widely used 
for generics in China.15 To the best of our knowledge, our study is the first report to compare current clinical indices in 

Table 2 (Continued). 

Response χ2 P

CR (n = 76) PR (n = 36) SD (n = 4) PD (n = 34)

E-IPI risk group (%)
Low 42 (55.3) 8 (22.2) 1 (25.0) 6 (17.6) 19.682 < 0.001
LI 13 (17.1) 11 (30.6) 0 (0.0) 5 (14.7) 4.575 0.270

HI 13 (17.1) 6 (16.7) 2 (50.0) 11 (32.4) 5.696 0.116
High 8 (10.5) 11 (30.6) 1 (25.0) 12 (35.3) 11.094 0.007

Notes: In the total of 150 cases were evaluable for response in the present study. Significant results (P < 0.05) are bolded. 
Abbreviations: IPI, International prognostic index; NCCN-IPI, National Comprehensive Cancer Network-International prognostic index; E-IPI, Elderly- 
International prognostic index; LI, low-intermediate; HI, high-intermediate.
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Chinese generics treated with the R-CODP regimen. Apart from the commonly used AIC and C-index, we adopted the 
IDI as a novel prognostic parameter to support the finding: the E-IPI, as a simple and convenient prognostic index, 
seemed to have better performance in predicting 5-year mortality for this population.

The standard R-CHOP21 improved the survival of elderly patients, with a 5-year OS rate of nearly 60%.3,30 

R-miniCHOP was recommended in patients aged over 80 years old.31 However, elderly patients who were considered 
unfit for doxorubicin were excluded from clinical trials. In addition, for patients with concurrent cardiac diseases or 
pretreated with anthracyclines, the replacement of doxorubicin with liposomal doxorubicin was reported to be safe and 
effective.10 R-CODP is the most common regimen for Chinese geriatric patients with DLBCL in clinical practice. Our 

Figure 1 Overall survival (OS) based on risk stratification by three clinical risk scoring indices. The OS for 158 patients treated with the R-CODP regimen was classed with 
the International Prognostic Index (IPI) in (A), the National Comprehensive Cancer Network-IPI (NCCN-IPI) in (B), and the elderly IPI (E-IPI) in (C). The OS curve for the 
entire study population is presented in (D).
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previous study indicated that tolerance and identifying risk categories are critical for clinical decision-making in this 
population.15

However, there is no standard prognostic clinical model in elderly patients with DLBCL. Ruppert et al showed that 
NCCN-IPI outperformed IPI and revised-IPI in patients with DLBCL treated with the R-CHOP regimen for the whole 
age group.32 However, elderly patients have a greater possibility of being classified into higher-risk groups in NCCN-IPI 
because of the high weighted age. For the E-IPI model, the age of 70 years was used instead of 60 years as the cutoff 
point in the IPI. Our results showed that E-IPI might serve as a better prognostic prediction model compared to IPI and 

Table 3 Stratification Models for OS

Model Cox Univariate Analysis AIC C-Index (95% CI)

HR (95% CI) P

IPI Risk Group < 0.001 763.099 0.665 (0.606−0.723)

Low Ref.
LI 1.055 (0.477−2.336)

HI 1.582 (0.843−2.969)

High 3.564 (2.035−6.242)
NCCN-IPI risk group < 0.001 764.267 0.652 (0.595−0.709)

Low Ref.

LI 1.281 (0.299−5.485)
HI 2.274 (0.549−9.431)

High 5.391 (1.270−22.891)

E-IPI risk group < 0.001 747.464 0.692 (0.631−0.753)
Low Ref.

LI 0.877(0.417−1.847)

HI 2.344 (1.293−4.249)
High 5.131 (2.947−8.933)

Notes: Three clinical risk scoring indices were significantly associated with OS (all P < 0.001, bold marked). 
Abbreviations: HR, Hazard ratio; AIC, Akaike information criteria. Smaller values of AIC are associated with a better fitting model; C-index, 
Concordance Index.

Figure 2 Comparison of ROC curves for 5-year mortality. Pairwise comparisons for ROC curves were evaluated by DeLong et al, 1988. IPI vs NCCN-IPI: P = 0.786; IPI vs 
E-IPI: P = 0.036; NCCN-IPI vs E-IPI: P = 0.183.
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NCCN-IPI in elderly patients, similar to those from the study by Advani et al.18 A previous study found that in patients > 
60 years old with DLBCL treated with R-CHOP, E-IPI provided additional prognostic discrimination for low- and low- 
intermediate-risk groups and ranked higher in model fit and discrimination measures than other indices. However, we did 
not observe that the E-IPI performed well in distinguishing the low- and low-intermediate-risk groups in our data, 
indicating that the results need to be validated further. A revised IPI (R-IPI) redistributed IPI factors into 3 distinct 
prognostic groups. Previous studies showed that R-IPI is a better predictor of outcome, but neither IPI nor R-IPI 
identified a risk group with less than a 50% chance of survival.33 Considering that all elderly patients enrolled had at least 
1 factor of R-IPI (age ≥ 60 years old), no one could be identified into a very good category. Therefore, we did not 
compare the R-IPI with other indices in the present study.

Table 4 AUC for Predicting Mortality

1-Year Mortality 3-Year Mortality 5-Year Mortality

IPI 0.664 (0.584–0.737) 0.665 (0.586–0.739) 0.676 (0.595–0.749)
NCCN-IPI 0.666 (0.587–0.739) 0.668 (0.589–0.741) 0.683 (0.602–0.756)

E-IPI 0.698 (0.620–0.768) 0.701 (0.623–0.771) 0.715 (0.636–0.786)

Abbreviation: AUC, The area under the receiver operating characteristic curve.

A

B

C

Figure 3 Reclassification tables for 5-year mortality. Green cells represent correct reclassification by the model on the right of the table, and the orange cells show 
incorrect reclassification by the model above the table. Patients who were lost to follow-up before the 5 years were censored. The risk classification for patients without 
events (controls) and with events (died within 5 years) are shown in (A) (IPI vs NCCN-IPI), (B) (IPI vs E-IPI), and (C) (NCCN-IPI vs E-IPI). For example, among patients with 
events, all patients were assessed as high-intermediate (HI) or high-risk group by E-IPI and IPI (B). However, for patients without events, 2 patients were categorized into 
low- or low-intermediate (LI) risk groups using E-IPI but high- or high-intermediate (HI) risk groups with IPI.
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Optimal approaches to assessing the predictivity of models are fundamental to clinical care. Recently, several novel 
indices, including net reclassification improvement34 and IDI, have been proposed to test the incremental value of one 
model over another, which are considered to be more sensitive than AUC in miscalibration.35–37 According to the 
definition, a reclassification table could illustrate how patients’ classification changes. IDI statistics showed an improved 
discrimination ability for 5-year mortality using E-IPI compared to IPI or NCCN-IPI. However, this was a single-center 
study, and the limited number of patients may affect the statistical significance of the results.

Notably, none of the 3 risk scoring indices seemed to be able to perfectly identify the patients in the lower-risk group. 
New prognostic models involving novel molecular prognostic biomarkers are urgently needed. Recently, four genetic 
subtypes termed MCD, BN2, N1, and EZB have been proposed for DLBCL.38 Chapuy et al identified 5 robust DLBCL 
subsets by integrating genetic drivers, which could independently predict outcomes of the IPI.39 A large population-based 
study identified 5 molecular DLBCL subtypes (MYD88, BCL2, SOCS1/SGK1, TET2/SGK1, and NOTCH2).40 These 
studies suggested that stratification according to molecular subtypes might help to evaluate the risk of patients with high 
heterogeneity. New prognostic indices containing novel predictors may assist in identifying high-risk patients in need of 
alternative therapies rather than R-CHOP or R-CODP.

Conclusions
Compared to the IPI and NCCN-IPI, the E-IPI had a good predictive ability to predict 5-year mortality in elderly patients 
with DLBCL treated with R-CODP. For better identification of patients with heterogeneity, a novel prognostic index with 
molecular techniques is needed.
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