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Summary
Using LYmphoma Study Association clinical trials combining 438 first-line large B-
cell lymphomas (LBCL) patients >80 years old, we defined SENIOR-IPI, an easily 
applicable prognostic index for this elderly population treated with an anti-CD20-
miniCHOP (cyclophosphamide, doxorubicin, vincristine and prednisone)-based 
regimen. SENIOR-International Prognostic Index (SENIOR-IPI) takes into account 
accessible variables (number of aaIPI predictors, lactate dehydrogenase > 3x Upper 
Limit of Normal (LDH >3× ULN), albumin <35 g/L and number of years over 80) and 
segregates patients into four risk categories. In the training cohort, SENIOR-IPI per-
formed better than IPI, age-adjusted IPI (aaIPI) and National Comprehensive Cancer 
Network IPI (NCCN-IPI) for progression-free survival (PFS) and overall survival 
(OS). The validation cohort included 195 patients from the real-world REal world all 
dAta in LYmphoma and Survival in Adults (REALYSA) cohort and confirmed better 
performance of SENIOR-IPI than IPI, aaIPI and NCCN-IPI both for PFS (C-index 
0.66 vs. 0.61, 0.64 and 0.61 respectively) and OS (C-index 0.67 vs. 0.59, 0.62 and 0.61 
respectively). Restricted mean survival times at 2 and 5 years were also evaluated: at 
2 years, 10 additional SENIOR-IPI points led to 3.7 and 3.6 months of survival lost, 
respectively, in the training and validation cohorts. Overall, SENIOR-IPI is an easily 
applicable and reproducible prognostic index, using only readily available clinical 
and biological data, which better stratifies prognosis of LBCL patients >80 years old 
fit for age-adapted immunochemotherapy than IPI, aaIPI and NCCN-IPI.

K E Y W O R D S
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I N TRODUC TION

Diffuse large B-cell lymphoma (DLBCL) is the most 
common form of adult lymphoma, accounting for ap-
proximately 30%–40% of non-Hodgkin lymphoma cases.1 
Large B-cell lymphomas (LBCL) comprise DLBCL, high-
grade B lymphoma (HGBL) and mediastinal grey zone 
lymphoma. The median age at diagnosis is 67 years2 and 

a third of patients are over 75 years old. The worldwide 
annual incidence is increasing, alongside the ageing of the 
worldwide population.3 Indeed, as the number of people 
>80 increased threefold between 1980 and 2010,4 LBCL is 
expected to become even more prevalent in this subpopu-
lation. Many of these patients are in a physical condition 
that enables them to be candidates for treatment with cu-
rative intent.
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However, the optimal treatment of these very elderly pa-
tients remains understudied, with clinical trials rarely in-
cluding patients >80 years old. A meta-analysis of 41 phase 
II/III clinical trials in DLBCL in the post-Rituximab era 
showed that only 6 included patients >80 years old.5 In part 
due to this, there is a lack of prognostic index for first-line 
treatment of these patients.

Standard prognostic indexes in LBCL do not sufficiently 
stratify elderly patients, notably as low risk. Indeed, neither 
revised IPI (R-IPI) for patients treated with rituximab6 nor 
NCCN-IPI with four risk categories7 regard patients above 
60 as low risk. A modified three-category NCCN-IPI for pa-
tients older than 60 has been published with better discrim-
ination between risk groups, but has not yet been validated 
in other cohorts.8 A recent study showed that most clinical 
prognostic models failed to accurately predict patient out-
comes in patients over 60 years old.9

Efforts have been made to elaborate specific prognostic 
indexes for older LBCL patients, but these studies have in-
cluded variable ages (≥65) and heterogeneous treatment op-
tions, including palliative care.10,11 Furthermore, to take into 
account the frailties specific to this elderly population, these 
models have included geriatric scales,10,11 which tend to be 
difficult to apply in routine clinical practice. We believe that 
a simple prognostic index developed specifically for very el-
derly LBCL >80 years old treated with curative intent would 
better stratify these patients and highlight those for whom a 
geriatric assessment is essential, thus using physicians' time 
more efficiently.

To address these issues, we developed SENIOR-IPI, 
an internationally applicable, straightforward prognos-
tic index for LBCL patients >80 years old treated with an-
ti-CD20 + miniCHOP (cyclophosphamide, doxorubicin, 
vincristine and prednisone).12

M ETHODS

Patients

The French LYmphoma Study Association and Lymphoma 
Academic Research Organization (LYSA/LYSARC) have 
organized three clinical trials in first-line LBCL patients 
>80 years old: LNH 03-7B using rituximab-miniCHOP,12 
LNH09-7B using ofatumumab-miniCHOP13 and SENIOR 
evaluating R-miniCHOP versus R-miniCHOP + lena-
lidomide.14 Both the standard and experimental arms of 
SENIOR were included. A brief summary of these trials is 
provided in Supporting Information. Four hundred and 
ten patients had all data to calculate SENIOR-IPI (complete 
data training cohort, n = 410). Missing values for 28 pa-
tients were imputed and results for the training cohort with 
imputed estimates (n = 438) are presented in Supporting 
Information. The external validation set included patients 
>80 years old from the prospective real-world REALYSA 
cohort (NCT03869619, inclusion 2018–2023)15 who were 

treated with R-miniCHOP in first line. One hundred and 
forty patients had all data to calculate SENIOR-IPI (com-
plete data validation cohort, n = 140). Missing values for 
55 patients were imputed and results for the validation 
cohort with imputed estimates (n = 195) are presented in 
Supporting Information.

Statistical methods

Prognostic value of each candidate predictor for SENIOR-
IPI was evaluated by Cox proportional hazard models on 
overall survival (OS) and progression-free survival (PFS). 
For continuous covariates, splines were used to check for 
linearity. Dichotomized versions of continuous covariates, 
using either previously suggested cut-offs or distribution 
characteristics, were also evaluated in the training set.

Missing data in baseline parameters were imputed sepa-
rately for the training and validation cohorts by the Multiple 
Imputation by Chained Equations (MICE) algorithm.16 Two 
hundred imputed datasets were generated for each cohort 
and analysed separately. Further details concerning statisti-
cal modelling, including covariate categorization, stratifica-
tion procedures, interaction testing and pooling methods are 
available in the Supporting Information—Supplementary 
Methods.

Brief ly, SENIOR-IPI definition was performed in two 
steps. First, the established IPI, aaIPI and NCCN-IPI 
scores and their components were compared to derive an 
optimal score. Second, significant candidate covariates 
in univariate analyses were sequentially added follow-
ing a stepwise ascending manner. Variable selection was 
based on the D1 statistics17 comparing the nested models 
including the candidate covariates or not. The variable 
providing the lowest D1 statistics p-value was included in 
the further model and the procedure was reiterated until 
no variable reached a p-value threshold of 0.05. Additional 
information is provided in Supporting Information—
Supplementary Methods.

PFS censored at 2 years (PFS2Y) was the primary end-
point to build the prognostic score, as in this elderly pop-
ulation, PFS2Y more specifically reflects lymphoma-related 
outcomes. OS and PFS at 2 and 5 years were estimated by the 
Kaplan–Meier method and median follow-up by the reverse 
Kaplan–Meier approach.18

C-Index was the primary criterion used to evaluate and 
compare the discrimination performances between the 
prognostic models.19 SENIOR-IPI calibration properties 
were also evaluated on the validation cohort following guid-
ance of the Stratos intitiative.20 All c-index comparisons 
are provided in Supporting Information—Supplementary 
Methods.

Restricted mean survival times (RMSTs) at 2 or 5 years 
were also evaluated by the pseudo-observation approach21 to 
quantify the mean survival time lost according to the prog-
nostic score.
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R E SU LTS

Patients

Table  1 shows main characteristics of the complete data 
training (n = 410) and validation (n = 140) cohorts. Patient 
characteristics for the cohorts with imputed estimates for 
missing values (training: n = 438; validation: n = 195) are re-
ported in Supporting Information. Training and validation 
cohorts were overall comparable, although the clinical trial 
training cohort was younger than the real-world valida-
tion cohort (83.9 vs. 84.6 years old, p = 0.030) and contained 
more men (53.6% vs. 41.7%, p = 0.019), perhaps reflecting the 
higher proportion of women who live past 80 years old in 
real-world conditions. Of note, 27 of 195 patients in the vali-
dation cohort were reported as HGBL not otherwise speci-
fied (NOS) or HGBL with MYC Proto-Oncogene (MYC) 
and B-cell lymphoma (BCL)2 and/or BCL6 rearrangement. 
In the training cohort, only SENIOR reported Fluorescence 

in situ hybridization (FISH) data, with 11 patients reported 
as DLBCL with double or triple hit.

Median follow-up in the training cohort and validation 
cohort was 28.9 and 26.1 months respectively.

One hundred and sixty-three deaths were observed in the 
training cohort during follow-up: cause of death was known 
for 88.9% of these patients. Lymphoma, concurrent illness 
and treatment toxicity accounted for 57.1%, 13.5% and 8% of 
known deaths respectively. Causes of death were only known 
for 55 patients in the validation cohort: of these, lymphoma 
was listed as cause of death for 22 patients (42.3%) and toxic-
ity for 4 patients (7.7%).

SENIOR-IPI design

In the 200 imputed datasets of the training cohort, NCCN-
IPI performed better than IPI and aaIPI for PFS2Y (C-index 
0.62 vs. 0.60 for IPI and aaIPI). The superiority of NCCN-IPI 

T A B L E  1   Main clinical and biological characteristics of overall, training and validation cohorts.

Overall (n = 550) Training (n = 410) Validation (n = 140) p-value

Gender

Female (%) 304 (55.3) 239 (58.3) 65 (46.4) 0.019

Male (%) 246 (44.7) 171 (41.7) 75 (53.6)

Age

Mean (SD) 84.1 (3.4) 83.9 (3.4) 84.6 (3.3) 0.030

80–84 (%) 340 (61.8) 265 (64.6) 75 (53.6)

85–89 (%) 161 (29.3) 110 (26.8) 51 (36.4)

90+ (%) 49 (8.9) 35 (8.5) 14 (10.0)

ECOG (%)

0–1 401 (72.9) 299 (72.9) 102 (72.9) 1.000

2–4 149 (27.1) 111 (27.1) 38 (27.1)

Ann Arbor stage (%)

1–2 110 (20) 80 (19.5) 30 (21.4) 0.714

3–4 440 (80) 330 (80.5) 110 (78.6)

LDH (%)

≤ULN 181 (32.9) 143 (34.9) 38 (27.1) 0.100

>ULN 319 (58.0) 227 (55.4) 92 (65.7)

>3× ULN 50 (9.1) 40 (9.8) 10 (7.1)

Extra-nodal sites (%)

0–1 307 (55.8) 233 (56.8) 74 (52.9) 0.472

≥2 243 (44.2) 177 (43.2) 66 (47.1)

NCCN extra-nodal sites (%)

No 381 (69.3) 291 (71.0) 90 (64.3) 0.169

Yes 169 (30.7) 119 (29.0) 50 (35.7)

Albumin <35 g/L (%)

No 311 (56.5) 234 (57.1) 77 (55.0) 0.743

Yes 239 (43.5) 176 (42.9) 63 (45.0)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; SD, standard deviation.



4  |      SENIOR-IPI: PROGNOSTIC INDEX FOR LBCL PATIENTS >80

was linked to the LDH >3× ULN threshold, suggesting an 
intermediate model including components common to 
aaIPI with the addition of LDH >3× ULN. This intermedi-
ate model proved statistically superior to aaIPI (D1 statis-
tics, p = 3.1 × 10−5). Next, among candidate predictors with 
prognostic value in univariate analysis, continuous age 
value and albumin <35 g/L had the best additional prognos-
tic value compared to aaIPI + ‘LDH >3× ULN’ (D1 statistics 
vs. aaIPI + ‘LDH >3× ULN’, p = 2.0 × 10−4, C-index 0.66). No 
other candidate predictor added significant prognostic value 
(Supporting Information—Supplementary Methods).

SENIOR-IPI score was defined as (age in years 
>80) + 6 × aaIPI index + 6 × (‘LDH >3× ULN’) + 6 × (‘Albumin 
<35 g/L’). Weighting coefficients of 6 are based on Cox model 
coefficients. A web-based calculator to facilitate SENIOR-
IPI calculation has been made freely available (https://​se-
nior-​ipi-​dev.​bolt.​host/​).

Overall, the index varied between 0 and 40, suggesting 
patient segmentation in four classes, by tens, to facilitate 
reproducibility. SENIOR-IPI >40 is theoretically possible 
but marginal and included in the ≥30 risk category. In the 
training cohort, risk class distribution was as follows: 0–9 
(low risk); 19%, 10–19 (low-intermediate risk); 40.2%, 20–29 
(intermediate-high risk); 32.4%, and ≥30 (high risk); 8.3% 
(Figure S1 and Table S1). In the validation cohort, distribu-
tion among the four SENIOR-IPI classes was not statistically 
significantly different (p = 0.348; Figure S1 and Table S1).

Tables  S1 and S2 show the distribution of SENIOR-IPI, 
aaIPI, IPI, R-IPI and NCCN-IPI among complete data and 
imputed data cohorts respectively.

SENIOR-IPI performance

In the training cohort, SENIOR-IPI performed better for 
PFS than IPI, aaIPI and NCCN-IPI (C-index 0.65 vs. 0.59, 
0.6 and 0.59, respectively), at 2 years (Figure 1A–D) and at 
5 years (Figure  S2). SENIOR-IPI also performed better for 
OS than IPI, aaIPI and NCCN-IPI (C-index 0.67 vs. 0.6, 
0.62 and 0.61, respectively), at 2 years (Figure  1E–H) and 
at 5 years (Figure S2). This was confirmed in the validation 
set, showing better performance of SENIOR-IPI than IPI, 
aaIPI and NCCN-IPI for PFS (C-index 0.66 vs. 0.61, 0.64 and 
0.61 respectively), at 2 years (Figure  2A–D) and at 5 years 
(Figure S3) as well as for OS (C-index 0.67 vs. 0.59, 0.62 and 
0.61 respectively), at 2 years (Figure  2E–H) and at 5 years 
(Figure S3). Similar results were also observed on imputed 
data in both cohorts (Figures S4 and S5).

Statistical comparison of c-indexes was performed on 
both imputed and complete data validation cohorts. For 
the complete data validation cohort, statistical superiority 
of SENIOR-IPI was confirmed compared to IPI and R-IPI 
for PFS at 24 months, and compared to aaIPI, IPI and R-IPI 
for OS at 24 months (Supporting Information). Calibration 
was also studied on the validation cohort with strong results 
(Supporting Information).

Characteristics of the SENIOR-IPI risk groups

SENIOR-IPI uncovered heterogeneity among known 
prognostic indexes. Focusing on aaIPI (Figure 3A), aaIPI 
1 patients were split between low and low-intermediate 
SENIOR-IPI groups, and a minority was allocated into the 
high-intermediate group. AaIPI 2 patients were allocated 
into low-intermediate and high-intermediate SENIOR-IPI 
groups, with a minority into the high-risk group. All aaIPI 
3 patients had either high or high-intermediate SENIOR-
IPI scores. Results were similar in the validation cohort 
(Figure  3B). Alluvial plots for allocation from IPI and 
NCCN-IPI into SENIOR-IPI are shown in Figures S6 and 
S7.

Known causes of death according to SENIOR-IPI risk 
category are shown in Table  S3. In the training cohort, 
high-risk SENIOR-IPI were more highly represented in 
deaths linked to treatment toxicity (7 of 13 patients) than 
in deaths linked to lymphoma (9 of 93 patients), suggesting 
that high-risk SENIOR-IPI might benefit from less toxic 
chemotherapy-free regimens. Cause of death was known 
for fewer patients in the validation cohort; however, only 
four deaths were reported due to toxicity and all four were 
in the high-intermediate SENIOR-IPI group. On the other 
hand, 7 (31.8%) of 22 deaths due to lymphoma were high-
risk SENIOR-IPI, highlighting the fact that SENIOR-IPI also 
evaluates tumour aggressivity, notably through LDH and 
aaIPI predictors.

Of note, patients who had not been able to receive at least 
one cycle of immunochemotherapy were initially excluded 
from the study (n = 13). All 13 were enrolled in a clinical trial 
(LNH09-7B or SENIOR) and discontinued treatment via the 
trial during prephase. Reasons for trial discontinuation were 
altered performance status, concomitant pulmonary embo-
lism or infection, and investigator's choice. Twelve of these 
13 patients had complete data to calculate their SENIOR-IPI: 
9 (69%) were high-intermediate or high-risk, with 33% being 
in the high-risk category (data not shown), a notably higher 
percentage than in the study cohorts, highlighting the po-
tential impact of SENIOR-IPI in first-line decision-making. 
Eight patients went on to receive R-miniCHOP-based reg-
imen off-trial (outcome data not available). Four did not 
receive further treatment: two died, one had concurrent 
illness and one presented delirium due to corticosteroids in 
prephase.

Increased SENIOR-IPI leads to significant 
loss of survival

We performed RMST at 2 and 5 years and analysed the im-
pact of additional SENIOR-IPI points leading to a change in 
risk category. At 2 years, compared to the low-risk SENIOR-
IPI category, low-intermediate, high-intermediate and high-
risk lose 1.8, 5.2 and 11.1 months of survival respectively. 
This was confirmed in the validation cohort, with 2.5, 

https://senior-ipi-dev.bolt.host/
https://senior-ipi-dev.bolt.host/
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F I G U R E  1   SENIOR-IPI performs better than other established prognostic indexes for progression-free survival and overall survival at 2 years in 
the training cohort. Kaplan–Meier progression-free survival curves for SENIOR-IPI (A), IPI (B), aaIPI (C) and NCCN-IPI (D). Kaplan–Meier overall 
survival curves for SENIOR-IPI (E), IPI (F), aaIPI (G) and NCCN-IPI (H). Hazard ratios and statistics tests were obtained from univariate Cox models 
stratified by study arm, with each prognostic index. Hazard ratios are estimated by taking the low-risk category as reference. df, degrees of freedom; LRT, 
log-likelihood ratio test.
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F I G U R E  2   Better performance of SENIOR-IPI for progression-free survival and overall survival (OS) at 2 years confirmed in the validation cohort. 
Kaplan–Meier progression-free survival curves for SENIOR-IPI (A), IPI (B), aaIPI (C) and NCCN-IPI (D). Kaplan–Meier OS curves for SENIOR-IPI (E), 
IPI (F), aaIPI (G) and NCCN-IPI (H). Hazard ratios and statistical tests were obtained from univariate Cox models with each prognostic index. Hazard 
ratios are estimated by taking the low-risk category as reference except for the OS analyses where the reference is the low-intermediate category. df, 
degrees of freedom; LRT, log-likelihood ratio test.
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5.04 and 14.45 months of survival lost. At 5 years, chang-
ing baseline SENIOR-IPI risk category leads to a range of 
10–29 months of average survival lost in the training cohort 
and 10.7–36.8 months of average survival lost in the valida-
tion cohort.

DISCUSSION

SENIOR-IPI is an easily applicable prognostic index, using 
only clinical and biological data available in routine clini-
cal practice. A freely available web calculator has been de-
veloped in order to help clinicians rapidly assess patients' 
SENIOR-IPI. Of note, this model is based on patients treated 
with curative intent and might not be applicable to ineligible 
patients.

We have shown that SENIOR-IPI outperforms currently 
used IPI, aaIPI and NCCN-IPI in LBCL patients >80 years 
of age treated in first line. Although the absolute differences 
in c-indexes were quantitatively moderate, even this incre-
mental improvement is of clinical importance, especially in 
the heterogeneous population of elderly LBCL patients, for 
whom improved risk stratification may help to better sup-
port individualized therapeutic strategies.

SENIOR-IPI was tested and validated in independent 
cohorts, with strong calibration data, highlighting its ro-
bustness. Data imputation was performed to estimate miss-
ing data (mostly albumin), and analyses showed similar 
performance and calibration results in complete and im-
puted datasets highlighting the strength of SENIOR-IPI. 
Furthermore, SENIOR-IPI was also recently validated in 
three pooled international cohorts, where its superiority to 
IPI, aaIPI and NCCN-IPI in LBCL patients >80 years was 
confirmed,22 suggesting the model's global applicability. A 
recently published study comparing prognostic models in a 
large cohort of DLBCL patients over 60 years old showed that 
aaIPI performed more accurately in this population than 
IPI, R-IPI and NCCN-IPI,9 validating the choice of compar-
ator indexes.

In designing the SENIOR-IPI, only albumin <35 g/L had 
additional prognostic value when added to number of com-
plete years over 80 years old + number of aaIPI predictors + 
LDH >3× ULN. Albumin has been shown to be a surrogate 
marker for malnutrition and its prognostic impact has been 
shown in many studies with the same threshold used here of 
35 g/L.23–25 This, in addition to its availability in daily prac-
tice, made it an excellent candidate predictor for SENIOR 
IPI. Age was integrated as a continuous variable, as none of 

F I G U R E  3   Alluvial plots for SENIOR-IPI versus aaIPI in training (A) and validation (B) cohorts. SENIOR-IPI risk categories are shown in the 
middle section (low, low-intermediate, high-intermediate and high) and are further detailed on the left-hand side, dividing each risk category into two 
parts based on SENIOR-IPI score. aaIPI score is shown in the right-hand side.
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the tested age thresholds were more performant. This can 
be related to the exponential increase in mortality for these 
age groups: for example, yearly death rates in the French 
male population increase from 5% at 80 years old to 15% at 
90 years old (Figure S8).

Although several geriatric assessments have been tested 
in clinical trials for patients with LBCL, they were volun-
tarily not included in SENIOR-IPI as their heterogeneity and 
lack of consistent use in routine clinical practice would have 
diminished the applicability of SENIOR-IPI. This was evi-
dent even in the construction of this study: only a minority 
of patients in the validation cohort had the same geriatric 
index data as in the test cohort. Although SENIOR-IPI does 
not pretend to evaluate patient fitness as thoroughly as the 
previously published Elderly Prognostic Index (EPI)10 or 
Geriatric Prognostic Index (GPI),11 it does have the benefit 
of being established on cohorts of patients >80 years old, 
whereas the EPI and GPI, respectively, studied patients older 
than 65 and 70. Nevertheless, a performance comparison of 
these indexes to see whether albumin is a sufficient approx-
imation of patient fitness in this setting would have been in-
teresting. Geriatric assessments were not able to be included 
either in the recent, large, population-based study published 
by Jelicic and colleagues due to the same challenges in recov-
ering these data retrospectively.9

Another limit of an easily applicable score in routine 
clinical practice is that molecular characterizations are not 
taken into account. While these have shown significant 
prognostic impact, the complexity and delay involved are 
not currently compatible with daily clinical practice.26,27 
Elderly DLBCL patients specifically tend to be of MCD ge-
netic subtype and ABC gene-expression profiling, with an 
increased expression of VH4-34 IgH gene.28–30 These analy-
ses would be interesting ancillary studies of elderly DLBCL 
cohorts. Nevertheless, IPI maintains its prognostic impact 
even in the era of more sophisticated prognostic values.31

With the increasingly ageing LBCL population, help in 
treatment decision-making for this frail population is es-
sential. Mortality rates remain high in elderly LBCL pa-
tients treated with R-miniCHOP12–14; conversely, in some 
selected elderly patients, standard R-CHOP appears feasible 
with better outcomes than R-miniCHOP,32 suggesting that 
appropriate age-adapted chemotherapy is still a challenge. 
SENIOR-IPI evaluates tumour aggressivity via LDH and 
aaIPI predictors, but our cause of death data in high-risk pa-
tients suggests that patient fitness is also approximated via 
albumin and age. SENIOR-IPI could therefore potentially 
aid clinicians to select elderly patients eligible for standard 
immunochemotherapy: either low-risk patients with normal 
albumin levels and non-dose-limiting age or in well-selected 
higher risk patients when the elevated SENIOR-IPI is due 
to tumour aggressivity. In these case-by-case decisions, we 
highly recommend performing a thorough geriatric evalua-
tion to ensure patient eligibility, as SENIOR-IPI is not a tool 
designed for geriatric assessment.

In an attempt to improve prognosis and reduce tox-
icity, chemo-free options for elderly LBCL are becoming 

increasingly present in the front-line clinical trial setting. 
Rituximab, ibrutinib and lenalidomide combination in 
unfit patients >70 showed efficacy similar to that of R-
miniCHOP with acceptable toxicity,33 leading to a phase 
3 trial (NCT05179733). Preliminary results from an LYSA 
phase 2 trial studying the efficacy of tafasitamab, lena-
lidomide and rituximab treatment in first-line DLBCL 
patients >80 years old were recently shown.34 Bispecific an-
tibodies (mosunetuzumab-polatuzumab, r-polatuzumab-
glofitamab) are also enticing options for frail first-line 
DLBCL patients.35,36 Although SENIOR-IPI was only eval-
uated in the R-miniCHOP setting, it could potentially help 
select high-risk patients who might benefit the most from 
chemo-free treatment, notably when the high risk is mostly 
driven by low albumin and extreme age. Indeed, in the study 
conducted by Vodicka and colleagues, SENIOR-IPI also per-
formed better than IPI, aaIPI and NCCN-IPI in a subcohort 
of patients >80 treated with chemo-free regimens.22

SENIOR-IPI's straightforward applicability makes it suit-
able for use in a prospective clinical trial in order to confirm 
whether it may help treatment decision-making in elderly 
patients, particularly in identifying patients most appro-
priate for standard-of-care R-miniCHOP, those who could 
tolerate and benefit from standard R-CHOP and those who 
may be better candidates for less toxic chemotherapy-free 
regimens.

AU T HOR C ON T R I BU T IONS
Aurelien Belot: Methodology; writing – review and editing; 
validation. Hervé Tilly: Data curation; writing – review and 
editing. Fabrice Jardin: Conceptualization; supervision; data 
curation; writing – review and editing. Fanny Cherblanc: 
Data curation; writing – review and editing. Hervé 
Ghesquières: Data curation; writing – review and editing. 
Lucie Oberic: Data curation; writing – review and editing. 
Corinne Haioun: Data curation; writing – review and 
editing. Jean-Philippe Jais: Methodology; writing – original 
draft; formal analysis; data curation; conceptualization. 
Sydney Dubois: Conceptualization; investigation; writing – 
original draft; formal analysis; data curation.

ACK NOW L E DGE M E N T S
The authors would like to thank Dr. Benoît Tessoulin for his 
review of this article within the LYSA scientific committee. 
Open access publication funding provided by COUPERIN 
CY26.

F U N DI NG I N FOR M AT ION
No exterior funding was solicited for this study.

C ON F L IC T OF I N T E R E ST STAT E M E N T
The authors have no relevant conflicts of interest to disclose.

DATA AVA I L A BI L I T Y STAT E M E N T
A freely available online calculator has been developed. 
Extensive supplementary data are made available and 
additional data are available upon request.



      |  9DUBOIS et al.

PAT I E N T C ONSE N T STAT E M E N T
All four studies were approved by ethics committees before 
patient enrolment and patients signed their written informed 
consent at time of inclusion. Studies were registered on clini​
caltr​ial.​gov under the references: NCT03869619 (REALYSA), 
NCT01087424 (LNH 03-7B), NCT01195714 (LNH 09-7B) 
and NCT02128061 (SENIOR). LYSARC's data reuse projects 
are described on the LYSARC website (https://​lymph​oma-​
resea​rch-​exper​ts.​org/​lysa/​i-​am-​parti​cipat​ing-​or-​have-​parti​
cipat​ed-​in-​a-​clini​cal-​trial/​​). The rights of patients regarding 
the reuse of their data are explicitly stated. As mentioned 
in the information note, patients included in the REALYSA 
cohort were informed of the specific project through the 
LYSARC webpage (SENIOR IPI: Prognostic score for 
patients with diffuse large B-cell lymphomas over 80 years of 
age—Lymphoma Research Experts).

ORCI D
Sydney Dubois   https://orcid.org/0000-0002-0109-6820 
Lucie Oberic   https://orcid.org/0000-0002-0039-1983 
Hervé Ghesquières   https://orcid.org/0000-0002-3131-3718 
Hervé Tilly   https://orcid.org/0000-0001-7022-5246 
Jean-Philippe Jais   https://orcid.org/0000-0002-0708-8776 
Fabrice Jardin   https://orcid.org/0000-0002-6804-7943 

R E F E R E N C E S
	 1.	 Alaggio R, Amador C, Anagnostopoulos I, Attygalle AD, Araujo 

IBO, Berti E, et al. The 5th edition of the World Health Organization 
classification of haematolymphoid tumours: lymphoid neoplasms. 
Leukemia. 2022;36:1720–48.

	 2.	 Surveillance, Epidemiology, and End Results Program. SEER. 
Available from: https://​seer.​cancer.​gov/​index.​html

	 3.	 Kanas G, Ge W, Quek RGW, Keeven K, Nersesyan K, Arnason JE. 
Epidemiology of diffuse large B-cell lymphoma (DLBCL) and fol-
licular lymphoma (FL) in the United States and Western Europe: 
population-level projections for 2020-2025. Leuk Lymphoma. 
2022;63:54–63.

	 4.	 He W, Goodkind D, Kowal P. U.S. Census Bureau, International 
Population Reports, P95/16-1, An aging world: 2015. Washington, 
DC: U.S. Government Publishing Office; 2016.

	 5.	 Beygi S, Sadashiv S, Reilly JB, Khan C, Lister J. Frontline treat-
ment of diffuse large B-cell lymphoma in elderly: a systematic 
review of clinical trials in post-rituximab era. Leuk Lymphoma. 
2018;59:2847–61.

	 6.	 Sehn LH, Berry B, Chhanabhai M, Fitzgerald C, Gill K, Hoskins P, 
et al. The revised International Prognostic Index (R-IPI) is a better pre-
dictor of outcome than the standard IPI for patients with diffuse large 
B-cell lymphoma treated with R-CHOP. Blood. 2007;109:1857–61.

	 7.	 Zhou Z, Sehn LH, Rademaker AW, Gordon LI, LaCasce AS, Crosby-
Thompson A, et  al. An enhanced international prognostic index 
(NCCN-IPI) for patients with diffuse large B-cell lymphoma treated 
in the rituximab era. Blood. 2014;123:837–42.

	 8.	 Melchardt T, Troppan K, Weiss L, Hufnagl C, Neureiter D, 
Tränkenschuh W, et  al. A modified scoring of the NCCN-IPI is 
more accurate in the elderly and is improved by albumin and β2-
microglobulin. Br J Haematol. 2015;168:239–45.

	 9.	 Jelicic J, Juul-Jensen K, Bukumiric Z, Runason Simonsen M, Kragh 
Jørgensen RR, Roost Clausen M, et al. Validation of prognostic mod-
els in elderly patients with diffuse large B-cell lymphoma in a real-
world nationwide population-based study – development of a clinical 
nomogram. Ann Hematol. 2025;104:433–44.

	10.	 Merli F, Luminari S, Tucci A, Arcari A, Rigacci L, Hawkes E, et al. 
Simplified geriatric assessment in older patients with diffuse large 

B-cell lymphoma: the prospective elderly project of the Fondazione 
Italiana Linfomi. J Clin Oncol. 2021;39:1214–22.

	11.	 Isaksen KT, Galleberg R, Mastroianni MA, Rinde M, Rusten LS, 
Barzenje D, et  al. The geriatric prognostic index: a clinical predic-
tion model for survival of older diffuse large B-cell lymphoma pa-
tients treated with standard immunochemotherapy. Haematologica. 
2023;108:2454–66.

	12.	 Peyrade F, Jardin F, Thieblemont C, Thyss A, Emile JF, Castaigne 
S, et  al. Attenuated immunochemotherapy regimen (R-miniCHOP) 
in elderly patients older than 80 years with diffuse large B-cell lym-
phoma: a multicentre, single-arm, phase 2 trial. Lancet Oncol. 
2011;12:460–8.

	13.	 Peyrade F, Bologna S, Delwail V, Emile JF, Pascal L, Fermé C, et al. 
Combination of ofatumumab and reduced-dose CHOP for diffuse 
large B-cell lymphomas in patients aged 80 years or older: an open-
label, multicentre, single-arm, phase 2 trial from the LYSA group. 
Lancet Haematol. 2017;4:e46–e55.

	14.	 Oberic L, Peyrade F, Puyade M, Bonnet C, Dartigues-Cuillères P, 
Fabiani B, et al. Subcutaneous rituximab-MiniCHOP compared with 
subcutaneous rituximab-MiniCHOP plus lenalidomide in diffuse 
large B-cell lymphoma for patients age 80 years or older. J Clin Oncol. 
2021;39:1203–13.

	15.	 Ghesquières H, Rossi C, Cherblanc F, le Guyader-Peyrou S, Bijou F, 
Sujobert P, et al. A French multicentric prospective prognostic cohort 
with epidemiological, clinical, biological and treatment information 
to improve knowledge on lymphoma patients: study protocol of the 
“REal world dAta in LYmphoma and survival in adults” (REALYSA) 
cohort. BMC Public Health. 2021;21:432.

	16.	 Buuren SV, Groothuis-Oudshoorn K. Mice: multivariate imputation 
by chained equations in R. J Stat Softw. 2011;45:1–67.

	17.	 Li KH, Raghunathan TE, Rubin DB. Large-sample significance levels 
from multiply imputed data using moment-based statistics and an F 
reference distribution. J Am Stat Assoc. 1991;86:1065–73.

	18.	 Shuster JJ. Median follow-up in clinical trials. J Clin Oncol. 
1991;9:191–2.

	19.	 Kang L, Chen W, Petrick NA, Gallas BD. Comparing two correlated 
C indices with right-censored survival outcome: a one-shot nonpara-
metric approach. Stat Med. 2015;34:685–703.

	20.	 McLernon DJ, Giardiello D, van Calster B, Wynants L, van Geloven N, 
van Smeden M, et al. Assessing performance and clinical usefulness 
in prediction models with survival outcomes: practical guidance for 
Cox proportional hazards models. Ann Intern Med. 2023;176:105–14.

	21.	 Klein JP, Gerster M, Andersen PK, Tarima S, Perme MP. SAS and R 
functions to compute pseudo-values for censored data regression. 
Comput Methods Programs Biomed. 2008;89:289–300.

	22.	 Vodicka P, Wang Y, Benesova K, Reagan P, Salek D, Lossos IS, et al. 
Optimizing risk stratification in patients aged 80+ years with large 
B-cell lymphoma: comparison of prognostic indices in three pooled 
international cohorts. Blood. 2025;146:786.

	23.	 Hohloch K, Ziepert M, Truemper L, Buske C, Held G, Poeschel V, 
et  al. Low serum albumin is an independent risk factor in elderly 
patients with aggressive B-cell lymphoma: results from prospective 
trials of the German high-grade non-Hodgkin's Lymphoma Study 
Group. EJHaem. 2020;1:181–7.

	24.	 Bairey O, Shacham-Abulafia A, Shpilberg O, Gurion R. Serum albu-
min level at diagnosis of diffuse large B-cell lymphoma: an important 
simple prognostic factor. Hematol Oncol. 2016;34:184–92.

	25.	 Janssen-Heijnen MLG, van Spronsen DJ, Lemmens VEPP, Houterman 
S, Verheij KDGW, Coebergh JWW. A population-based study of se-
verity of comorbidity among patients with non-Hodgkin's lymphoma: 
prognostic impact independent of international prognostic index. Br 
J Haematol. 2005;129:597–606.

	26.	 Wright GW, Huang DW, Phelan JD, Coulibaly ZA, Roulland S, Young 
RM, et  al. A probabilistic classification tool for genetic subtypes of 
diffuse large B cell lymphoma with therapeutic implications. Cancer 
Cell. 2020;37:551–568.e14.

	27.	 Chapuy B, Stewart C, Dunford AJ, Kim J, Kamburov A, Redd RA, 
et  al. Molecular subtypes of diffuse large B cell lymphoma are 

http://clinicaltrial.gov
http://clinicaltrial.gov
https://lymphoma-research-experts.org/lysa/i-am-participating-or-have-participated-in-a-clinical-trial/
https://lymphoma-research-experts.org/lysa/i-am-participating-or-have-participated-in-a-clinical-trial/
https://lymphoma-research-experts.org/lysa/i-am-participating-or-have-participated-in-a-clinical-trial/
https://orcid.org/0000-0002-0109-6820
https://orcid.org/0000-0002-0109-6820
https://orcid.org/0000-0002-0039-1983
https://orcid.org/0000-0002-0039-1983
https://orcid.org/0000-0002-3131-3718
https://orcid.org/0000-0002-3131-3718
https://orcid.org/0000-0001-7022-5246
https://orcid.org/0000-0001-7022-5246
https://orcid.org/0000-0002-0708-8776
https://orcid.org/0000-0002-0708-8776
https://orcid.org/0000-0002-6804-7943
https://orcid.org/0000-0002-6804-7943
https://seer.cancer.gov/index.html


10  |      SENIOR-IPI: PROGNOSTIC INDEX FOR LBCL PATIENTS >80

associated with distinct pathogenic mechanisms and outcomes. Nat 
Med. 2018;24:679–90.

	28.	 Mareschal S, Lanic H, Ruminy P, Bastard C, Tilly H, Jardin F. The 
proportion of activated B-cell like subtype among de novo dif-
fuse large B-cell lymphoma increases with age. Haematologica. 
2011;96:1888–90.

	29.	 Ruminy P, Etancelin P, Couronné L, Parmentier F, Rainville V, 
Mareschal S, et  al. The isotype of the BCR as a surrogate for the 
GCB and ABC molecular subtypes in diffuse large B-cell lymphoma. 
Leukemia. 2011;25:681–8.

	30.	 Wang X, Stollar BD. Immunoglobulin VH gene expression in human 
aging. Clin Immunol (Orlando, Fla). 1999;93:132–42.

	31.	 Krupka JA, Moutsopoulos I, Cutmore NH, Trethewey CS, Dayimu 
A, Goodhew R, et  al. Phased variant–supported circulating tumor 
DNA as a prognostic biomarker after first-line treatment in large 
B-cell lymphoma: findings from the DIRECT study. J Clin Oncol. 
2026;44:410–20.

	32.	 Al-Sarayfi D, Brink M, Chamuleau MED, Brouwer R, van Rijn RS, 
Issa D, et al. R-miniCHOP versus R-CHOP in elderly patients with 
diffuse large B-cell lymphoma: a propensity matched population-
based study. Am J Hematol. 2024;99:216–22.

	33.	 Xu P-P, Shi ZY, Qian Y, Cheng S, Zhu Y, Jiang L, et al. Ibrutinib, ritux-
imab, and lenalidomide in unfit or frail patients aged 75 years or older 
with de novo diffuse large B-cell lymphoma: a phase 2, single-arm 
study. Lancet Healthy Longev. 2022;3:e481–e490.

	34.	 Tessoulin B, Crochet G, Feugier P, Fouillet L, Amorin S, Abraham J, 
et al. VERLen: tafasitamab, lenalidomide, plus rituximab in frontline 

diffuse large B-cell lymphoma patients over 80 y/o or older, a LYSA 
phase 2 trial. Hematol Oncol. 2025;43:e160_70093.

	35.	 Olszewski AJ, Eradat H, Avigdor A, Horowitz NA, Babu S, Levi I, et al. 
Mosunetuzumab and polatuzumab vedotin demonstrates prelimi-
nary efficacy in elderly unfit/frail patients with previously untreated 
diffuse large B-cell lymphoma. Blood. 2023;142:855.

	36.	 Chapuy B, Wurm-Kuczera R, Michael R, Wang M, Pichler P, Huster 
A, et al. Phase II frontline chemolight R-pola-glo trial induces high 
and durable response rates in elderly and medically unfit/frail pa-
tients with aggressive B-cell lymphoma. Blood. 2025;146:61.

SU PP ORT I NG I N FOR M AT ION
Additional supporting information can be found online in 
the Supporting Information section at the end of this article.

How to cite this article: Dubois S, Cherblanc F, Belot 
A, Oberic L, Ghesquières H, Haioun C, et al. 
SENIOR-IPI: An easily applicable prognostic index 
for first-line large B-cell lymphomas patients 
>80 years treated with curative intent. Br J Haematol. 
2026;00:1–10. https://doi.org/10.1111/bjh.70784

https://doi.org/10.1111/bjh.70784

	SENIOR-IPI: An easily applicable prognostic index for first-line large B-cell lymphomas patients >80 years treated with curative intent
	Summary
	INTRODUCTION
	METHODS
	Patients
	Statistical methods

	RESULTS
	Patients
	SENIOR-IPI design
	SENIOR-IPI performance
	Characteristics of the SENIOR-IPI risk groups
	Increased SENIOR-IPI leads to significant loss of survival

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	PATIENT CONSENT STATEMENT
	ORCID
	REFERENCES


