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ABSTRACT
Objectives: Recent front-line clinical trials used the International Prognostic Index (IPI) to identify trial-eligible patients with 
newly diagnosed diffuse large B-cell lymphoma (DLBCL). However, many IPI-like variants with improved accuracy have been 
developed over the years for rituximab-treated patients.
Methods: We assessed the impact of International Prognostic Indices on patient enrolment in clinical trials, aiming to exclude 
low-risk IPI patients based on POLARIX/EPCORE DLBCL-2 trial criteria.
Results: We identified 2877 patients in the Danish Lymphoma Registry who would have been eligible for the POLARIX trial 
if patients with IPI 0–1 scores were included. IPI and NCCN-IPI assigned 33.3% and 11.9% of patients to the low-risk group, re-
spectively. Shorter 5-year overall survival (91.4% vs. 97.5%), higher relapse rate (9.9% vs. 4.4%), and more deaths (16.1% vs. 4.4%) 
occurred in the low-risk IPI group compared with low-risk NCCN-IPI group. Analyzed models failed to identify true high-risk 
patients with poor prognosis. Similar results were found in the confirmatory cohort developed based on EPCORE DLBCL-2 trial 
eligibility criteria.
Conclusion: True low-risk patients are more optimal identified by NCCN-IPI and should be excluded from front-line clinical 
trials due to their excellent prognosis. However, additional high-risk factors besides clinical prognostic models need to be consid-
ered when selecting trial-eligible patients.

1   |   Introduction

The most commonly used prognostic index for risk stratifica-
tion in patients with diffuse large B-cell lymphoma (DLBCL) 

is the International Prognostic Index (IPI) [1]. This model 
was developed in 1993 for patients with aggressive lymphoma 
treated without rituximab [2]. IPI stratifies patients into four 
risk groups using five easily accessible markers (age, Ann 
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Arbor stage, number of extranodal sites, Eastern Oncology 
Cooperative Group performance status [ECOG PS], and lac-
tate dehydrogenase [LDH]) [2]. However, with the introduc-
tion of rituximab, the prognostic value of the IPI has been 
challenged [1, 3–5]. Therefore, several IPI-like variants have 
been developed over the years, with revised IPI (R-IPI) and 
the National Comprehensive Cancer Network IPI (NCCN-IPI) 
being validated in different populations, including patients 
treated in clinical trials [1].

Over the past 20 years, several first-line randomized controlled 
trials (e.g., MAIN, PIX203, ALLIANCE/CALGB50303, and 
ReMoDL-B) have incorporated experimental agents in the 
treatment of newly diagnosed DLBCL patients with R-CHOP 
(rituximab, cyclophosphamide, doxorubicin, vincristine, and 
prednisone) as control arm, but have demonstrated negative re-
sults [6–9]. These first-line studies did not select patients based 
on risk models and may presumably have motivated the criteria 
for patient selection in the most recent trials. However, these 
negative results could be somewhat attributed to the traditional 
eligibility criteria, which have become increasingly restrictive 
[10]. Additionally, patients with more aggressive disease and 
shorter intervals between diagnosis and treatment are more 
likely to be excluded due to the need for immediate treatment 
[11]. Therefore, Harkins et al. proposed modernized eligibility 
criteria based on expert opinion to facilitate the enrollment of 
patients in the first-line randomized controlled trials. Regarding 
prognostic models, the authors recommend including the IPI 
score or elements of the IPI score in trial eligibility criteria [12].

Some recent clinical trials used prognostic scores as part of eligi-
bility criteria in patients with newly diagnosed DLBCL with R-
CHOP as the control arm. In the phase 3 open-label POLARIX 
study, comparing polatuzumab vedotin plus R-CHP (rituximab, 
cyclophosphamide, doxorubicin, and prednisone) versus R-
CHOP, participants were required to have IPI score ≥2. This 
trial achieved its primary efficacy endpoint (progression-free 
survival [PFS]), making it the only positive trial so far [13]. The 
ongoing phase 3 trial with epcoritamab plus R-CHOP versus R-
CHOP also used IPI ≥2 as inclusion criteria (EPCORE DLBCL-2 
and NCT05578976). IPI and age-adjusted IPI (aaIPI) are part of 
the inclusion criteria for the phase 3 study investigating a com-
bination of Tafasitamab, Lenalidomide, and R-CHOP versus 
R-CHOP in newly diagnosed high-intermediate and high-risk 
DLBCL patients (frontMIND and NCT04824092). Other recent 
open-label randomized phase 3 trials (e.g., GOYA, PHOENIX, 
and LNH03-2B), all negative trials, have also used International 
Prognostic Indices (IPI, R-IPI, and aaIPI) as part of eligibility 
criteria with additional trial requirements (e.g., age, bulky dis-
ease, and cell of origin) [14–16]. Although many first-line clinical 
trials mainly aim to identify high-risk patients, different eligibil-
ity criteria have been used, impacting the ability to generalize 
results of modern clinical trials to real-world populations [10]. 
Trial-eligible patients categorized as low-risk by various models 
are excluded based on their projected good prognosis and po-
tential concerns regarding added toxicity. However, some of the 
excluded patients with unfavorable outcomes on R-CHOP have 
high-risk characteristics that are not captured by traditional 
prognostic models [17]. Although more restrictive eligibility 
criteria lead to the recruitment of a more homogenous popu-
lation, increasing effect size, such an approach limits patients' 

accessibility to clinical trials and the applicability of results to 
broader clinical populations [10].

We conducted a study investigating the impact of International 
Prognostic Indices (IPI, R-IPI, and NCCN-IPI) as a selection cri-
terion for entering clinical trials. We used the POLARIX trial 
inclusion criteria as a template for the study and aimed to deter-
mine the number of patients from a Danish population-based 
registry who would be excluded if models other than IPI were 
used to select patients for these clinical trials. The results were 
tested by employing a similar strategy using eligibility criteria 
for the EPCORE DLBCL-2 clinical trial.

2   |   Methods

The initial search included all adult patients with newly diag-
nosed DLBCL between 2000 and 2021, identified through the 
Danish lymphoma registry (LYFO) [18]. The period was selected 
because the database has been highly complete since the early 
2000s, allowing for long-term follow-up and capturing events 
occurring late in the follow-up period.

Only patients who could tolerate immuno-chemotherapy were 
included to ensure the identification of patients eligible for cura-
tive intended treatments. After identifying patients in LYFO, we 
created a LYFO POLARIX cohort by including patients who met 
approximated POLARIX inclusion criteria. The inclusion crite-
ria were based on the phase 3 first-line trial (POLARIX trial), 
which enrolled newly diagnosed DLBCL patients with IPI 2–5.

Similarly, another independent cohort (LYFO EPCORE 
DLBCL-2) was formed using trial criteria from a phase 3 first-
line DLBCL trial (EPCORE DLBCL-2), which also included pa-
tients with IPI 2–5. This was done to investigate whether results 
from the POLARIX cohort could be generalized to other trials 
using the same inclusion criteria based on the prognostic model.

Two independent cohorts (LYFO POLARIX and LYFO EPCORE 
DLBCL-2) were established by retrieving the trial inclusion cri-
teria and selecting patients according to variables available in 
LYFO based on criteria corresponding to the respective trials 
(Table S1). Trial criteria included clinical and laboratory data, 
which were similar between the two trials and included the 
following: age, absolute neutrophil count (ANC), hemoglobin, 
platelet count, serum alanine transaminase, total bilirubin 
level, and creatinine clearance. Moreover, patients with ECOG 
PS >2, central nervous system involvement, and a history of 
other prior malignancies (excluding nonmelanoma skin cancer) 
were excluded from the analysis.

Although data on cardiovascular disease were not provided 
in LYFO, only patients treated with standard R-CHOP or in-
tensified regimes with the addition of etoposide (R-CHOEP/R-
EPOCH) were included in the analysis. Patients treated with 
dose-reduced regimens such as R-miniCHOP and regimens 
without doxorubicin or similar were excluded, and this cri-
terion served as an approximation for either heart disease or 
lack of fitness for standard treatment and inclusion in clinical 
trials. Additionally, as ANC is not registered in LYFO, this 
variable was approximated by subtracting lymphocyte count 
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from total leucocyte count. Moreover, as LYFO only provides 
data on creatinine, renal function was estimated using the 
CKD-EPI formula for the estimated glomerular filtration rate 
(eGFR) [19]. Treatment response was registered as complete 
remission (CR), partial remission (PR), stable disease (SD), 
progressive disease (PD), and death (if patients died before re-
sponse evaluation was performed), and not evaluated (NE) if 
data were missing [20].

The article refers to patients in the current study as the LYFO 
POLARIX cohort and LYFO EPCORE DLBCL-2 cohort to 
highlight the difference between the original POLARIX and 
EPCORE DLBCL-2 trial cohorts.

2.1   |   Statistical Analysis

Overall survival (OS) was estimated from diagnosis until death 
from any cause or censoring on March 31, 2022, while PFS 
represented the time from diagnosis until any of the following 
events: relapse, disease progression, death, or censoring at the 
last follow-up (March 31, 2022). OS was estimated using the 
Kaplan–Meier estimator, and the log-rank test was used to test 
for differences in survival between risk groups.

We used the concordance index to measure discrimination, with 
1 representing perfect discrimination and 0.5 no discrimination 
[21, 22]. Akaike's information criterion (AIC) was used as a mea-
sure of fitness with a difference of ≥10, indicating a substantial 
improvement in the fit of the model [23]. Interrater-weighted κ 
statistic with 95% confidence intervals (CI) was used to compare 
the agreement between the IPI and NCCN-IPI [24].

All tests were two-sided, and p values below 0.05 were consid-
ered statistically significant. Statistical analyses were performed 
in IBM SPSS statistics (version 28.0.0.0) and R version 3.4.1 using 
the following packages for survival and performance calculations: 
CPE, ggplot2, ggsurvfit, dynpred, maxstat, survC1, and survival.

3   |   Results

3.1   |   LYFO POLARIX Cohort

The initial search in LYFO identified 6074 newly diagnosed 
DLBCL in the inclusion period. Of those, 5323 patients fulfilled 
the age criterion (18–80 years) for the LYFO POLARIX part of 
the study, and 2877 patients (median age 65 years) were included 
in the final analysis after the trials' inclusion/exclusion criteria 
were applied (Figure 1). The basic clinical characteristics of an-
alyzed patients are presented in Table 1.

3.1.1   |   Prognostic Models and Model Agreement

Table  2 provides the distribution of patients according to IPI, 
NCCN-IPI, and R-IPI. IPI classified 959 (33.3%) patients as low-
risk (score 0–1). In contrast, NCCN-IPI allocated 343 (11.9%) pa-
tients to the low-risk group (score 0–1). R-IPI identified 281 (9.8%) 
as low-risk, equivalent to an IPI score of 0 (Table 2). According to 
both IPI and NCCN-IPI, 338 patients were identified as low-risk, 

while the remaining IPI low-risk patients (621 patients) were 
allocated to the NCCN-IPI low- and low-intermediate groups. 
Figure  2 provides a graphical presentation of patient distribu-
tion and mortality reclassification table. When NCCN-IPI was 
used as the reference model, it showed substantial agreement 
(weighted κ = 0.61) with IPI.

3.1.2   |   Treatment Response and Outcome

A total of 2463 patients (85.6%, 95% CI, 84.3–86.8) achieved 
CR, while 382 (13.3%, 95% CI, 12.1–14.6) had an unfavorable 
response (PR/SD/PD/death) and for 32 patients (1.1%) response 
data were not available. Detailed information on treatment out-
comes and early death across risk groups is provided in Table 2. 
During follow-up (5.8 years), 484 patients (16.8%, 95% CI, 15.5–
18.2) relapsed, and 831 died (28.9%, 95% CI, 27.4–30.7).

When patients with IPI scores 0–1 were excluded, CR was 
achieved in 1572/1918 patients (82%, 95% CI, 80.2–83.6), and 321 
(16.7%, 95% CI, 15.1–18.5) patients had unfavorable response. In 
patients with IPI scores 0–1, CR was achieved in 891 (92.9%, 95% 
CI, 90.0–93.4), while 95 (9.9%) relapsed. Twelve patients died 
within 6 months following diagnosis. However, these patients 
were older (median 76 years, range 57–80) than the calculated 
median age of 57 for the low-risk IPI group. In total, 154 patients 
(16.1%, 95% CI, 13.7–18.3) died in the IPI low-risk group (Table 2).

In patients with the NCCN-IPI score 0–1, CR was achieved in 
329 (95.9%, 95% CI, 93.3–97.5), while only 13 (3.8%, 95% CI, 
2.2–6.4) did not achieve CR, with 15 patients relapsing and 
dying during follow-up (Table 2). When excluding patients with 
low-risk NCCN-IPI, 2134 of 2534 patients achieved CR (84.2%, 
95% CI, 82.7–85.6), and 369 obtained unfavorable response 
(14.6%, 95% CI, 13.2–16.0).

Regarding 621 of 951 low-risk IPI patients reclassified into a 
higher category according to NCCN-IPI, CR was achieved in 
567 (91.3%) patients. During follow-up, a higher proportion of 
patients in this group relapsed (13.0% vs. 9.9%) and died (22.4% 
vs. 16.1%) compared with the low-risk IPI group.

3.1.3   |   Survival Analysis

The median follow-up for surviving patients in the LYFO 
POLARIX cohort was 6.7 years (interquartile range [IQR] 3.9–
10.3). When patients with low-risk IPI were excluded, the median 
follow-up was slightly shorter (5.1 years). In contrast, median fol-
low-up remained almost the same with the exclusion of low-risk 
NCCN-IPI patients (5.6 years). The median OS was not reached 
for the entire LYFO POLARIX cohort population. When the IPI 
low-risk group was excluded, the median OS was 13.2 years (95% 
CI, 11.9–14.4), and with the exclusion of the NCCN-IPI low-risk 
group, the median OS was 14.1 years (95% CI, 13.2–15.0).

Figure  3 shows OS curves for all three models investigated 
in LYFO POLARIX. The 3- and 5-year PFS/OS rates for all 
models are shown in Table S2. Five-year OS estimates in the 
respective low-risk groups in the LYFO POLARIX cohort 
were 91.4%, 97.5%, and 97.9% for IPI, NCCN-IPI, and R-IPI 

 16000609, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ejh.14301 by N

at Prov Indonesia, W
iley O

nline L
ibrary on [25/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



4 of 11 European Journal of Haematology, 2024

and 47.3% for high-risk NCCN-IPI, 56.2% for IPI, and 67.5% 
for R-IPI (Table S2).

Figure  4 displays the survival curves of low-risk IPI patients 
reclassified by NCCN-IPI and R-IPI. Patients equally classified 
as low-risk by IPI and NCCN-IPI (very low-risk—VLR) had a 
5-year OS of 97.5%. However, patients classified as low-risk by 
IPI but higher-risk by NCCN-IPI (high low-risk—HLR) had a 
poorer 5-year OS of 88.1% than patients identified as low-risk by 
IPI. The respective groups for R-IPI also showed similar 5-year 
OS (97.9% vs. 88.6%) for VLR and HLR.

The median PFS for the LYFO POLARIX cohort was not 
reached, while the median PFS estimate when the IPI low-risk 
group was excluded was 12.8 years (95% CI, 11.7–14.2). Longer 
median PFS was observed when excluding the NCCN-IPI low-
risk group (13.9 years, 95% CI, 12.8–15.0).

3.1.4   |   Model fit and Discrimination

Regarding the LYFO POLARIX cohort, the lowest AIC was 
registered for NCCN-IPI (11983) (Table  S2). The highest c-
index was estimated for NCCN-IPI (c-index = 0.653) and was 
statistically significant compared to IPI (c-index = 0.620, 
p < 0.05) (Table S2).

3.2   |   LYFO EPCORE DLBCL-2 Cohort

Of the 6074 newly diagnosed DLBCL cases identified in 
the LYFO during the inclusion period, 5204 patients were 
aged 18–79. Among them, 2868 (median age 67 years) ful-
filled EPCORE DLBCL-2 trial criteria, excluding IPI criteria 
(Figure  1). Despite minor discrepancies in laboratory inclu-
sion criteria compared with the LYFO POLARIX cohort, both 

FIGURE 1    |    Consort diagram of the selection process for identifying patients eligible for both LYFO POLARIX and EPCORE DLBCL-2 cohorts. 
*Or ≥25 × 10e9/L in the presence of bone marrow involvement. ALAT, alanine transaminase; ANC, absolute neutrophil count; CNS, central nervous 
system; ECOG PS, Eastern Oncology Cooperative Group performance status; eGFR, estimated glomerular filtration rate; EN, extranodal sites; Hgb, 
hemoglobin; IPI, International Prognostic Index; LDH, lactate dehydrogenase; N, number; NCCN-IPI, National Comprehensive Cancer Network IPI; 
Plt, platelet count; ULN, upper limit of normal.
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cohorts included similar patient numbers with significant 
overlap (Table S3).

When EPCORE DLBCL-2 eligibility criteria were used to form 
the LYFO EPCORE DLBCL-2 cohort, almost identical distri-
butions according to IPI, NCCN-IPI, and R-IPI were observed 

to that of the LYFO POLARIX cohort (Table S4). Regarding 
the low-risk group, IPI and NCCN-IPI identically identified 
338 low-risk patients, while 602 low-risk IPI patients were al-
located to the NCCN-IPI low- and low-intermediate group. A 
graphical presentation of patient distribution is provided in 
Figure S1.

TABLE 1    |    Clinical characteristics of patients with diffuse large B-cell lymphoma in the LYFO POLARIX cohort.

Clinical characteristics (LYFO 
POLARIX cohort) All patients

Patients with low 
IPI excluded

NCCN-IPI low-
risk excluded

R-IPI low-risk 
excluded

No. of patients 2877 1918 2534 2596

% of primary cohort (N = 5323 
patients)

54.0 36.0 47.0 48.8

Median age 65 67 67 66

N (%) N (%) N (%) N (%)

Age

≤40 225 (7.8) 92 (4.8) 96 (3.8) 156 (6.0)

41–60 834 (29.0) 385 (20.1) 620 (24.5) 622 (24.0)

61–75 1453 (50.5) 1150 (60.0) 1453 (57.3) 1453 (56.0)

>75 365 (12.7) 291 (15.2) 356 (14.4) 365 (14.1)

Gender

Male 1693 (58.8) 1118 (58.3) 1476 (58.2) 1509 (58.1)

Female 1184 (41.2) 800 (41.7) 1058 (41.8) 1087 (41.9)

Ann Arbor stage

I 558 (19.4) 105 (5.5) 367 (14.5) 379 (14.6)

II 496 (17.2) 124 (6.5) 361 (14.2) 394 (15.2)

III 540 (18.8) 468 (24.4) 532 (21.0) 540 (20.8)

IV 1283 (44.6) 1221 (63.7) 1274 (50.3) 1283 (49.4)

ECOG PS

0 1826 (63.5) 1019 (53.1) 1522 (60.1) 1571 (60.5)

1 843 (29.3) 693 (36.1) 804 (31.7) 817 (31.5)

2 208 (7.2) 206 (10.7) 208 (8.2) 208 (8.0)

LDH

<ULN 1441 (50.1) 636 (33.2) 1137 (44.9) 1160 (44.7)

1-3xULN 1234 (42.9) 1282 (56.8) 1195 (47.2) 1234 (47.5)

>3xULN 202 (7.0) 193 (10.1) 202 (8.0) 202 (7.8)

EN (IPI)

≤1 2089 (72.6) 1141 (59.5) 1762 (69.5) 1808 (69.6)

>1 788 (27.4) 777 (40.5) 772 (30.5) 788 (30.4)

EN (NCCN-IPI)

≤1 2052 (71.3) 1152 (60.1) 1711 (67.5) 1778 (68.5)

>1 825 (28.7) 766 (39.9) 823 (32.5) 818 (31.5)

Abbreviations: ECOG-PS, Eastern Oncology Cooperative Group performance status; EN, extranodal sites; IPI, International Prognostic Index; LDH, lactate 
dehydrogenase; LYFO, Danish Lymphoma Registry; NCCN-IPI, National Comprehensive Cancer Network IPI; OS, overall survival; PFS, progression-free survival; 
R-IPI, revised IPI.
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Treatment response and outcome results in the LYFO EPCORE 
DLBCL-2 cohort are presented in Table S4. The mortality reclas-
sification table with NCCN-IPI as a referent model is graphically 
presented in Figure S1.

Regarding survival analysis, the median follow-up duration of 
surviving patients was identical to the POLARIX study for the 
entire cohort (6.7 years). This similarity also holds regarding 
survival estimates for the whole study population and when low-
risk groups of IPI and NCCN-IPI are excluded. Figure S2 shows 
OS curves for all three models investigated in the EPCORE 
DLBCL-2 cohort. The 5-year OS estimates in the low-risk group 
were 91.5%, 97.8%, and 98.3% for IPI, NCCN-IPI, and R-IPI, 
and 48.4% for high-risk NCCN-IPI, 56.0% for IPI and 68.0% 
for R-IPI (Table S5). The same table also presents correspond-
ing 3- and 5-year PFS. Moreover, NCCN-IPI (c-index = 0.655) 
demonstrated better discrimination between risk groups than 
IPI (c-index = 0.623) (Table S5).

Figure S3 displays the survival curves of low-risk IPI patients 
reclassified by NCCN-IPI and R-IPI. Patients equally classified 
as low-risk by IPI and NCCN-IPI (very low-risk—VLR) had a 
5-year OS of 97.8%. However, patients classified as low-risk by 
IPI but higher-risk by NCCN-IPI (high low-risk—HLR) had a 
poorer 5-year OS of 88.0% than patients identified as low-risk by 
IPI. The respective groups for R-IPI also showed similar 5-year 
OS (98.3% vs. 88.5%) for VLR and HLR.

Regarding PFS, the median was not reached, while the median 
PFS estimate when the IPI low-risk group was excluded was 
12.9 years (95% CI, 11.5–14.3). Longer median PFS was observed 
when excluding the NCCN-IPI low-risk group (14.1 years, 95% 
CI, 12.9–15.2).

4   |   Discussion

We have used a population-based lymphoma registry to com-
pare the impact of International Prognostic Indices as part of 
inclusion criteria in clinical trials. We have selected patients ac-
cording to approximated POLARIX trial eligibility criteria and 
confirmed results in a cohort developed using approximated 
EPCORE DLBCL-2 trial eligibility criteria. These two front-line 
trials were chosen due to similar inclusion and exclusion crite-
ria, namely low IPI risk (0–1 points). In our study, NCCN-IPI 
and R-IPI could successfully identify a subgroup of low-risk IPI 
patients at increased risk of treatment failure. Additionally, if 
NCCN-IPI or R-IPI was used to select patients instead of IPI, a 
significantly larger number of patients would be eligible for clin-
ical trials, and patients with excellent prognosis would remain 
in the low-risk group and thus would have been excluded.

It is reported that up to 50% of DLBCL patients do not fulfill in-
clusion criteria in most recent clinical trials, with up to a quarter 
excluded based on organ function alone [25, 26]. Regarding our 
primary cohort (n = 5323), when all trial inclusion and exclusion 
criteria required by the POLARIX trial available in LYFO were 
used apart from IPI, 54% of all patients (n = 2877) in the relevant 
age group fulfilled the eligibility criteria. These numbers could 
be slightly higher as some patients were excluded due to miss-
ing data, particularly regarding renal function and prior malig-
nancy. However, only 36% of the primary cohort were included 
in the LYFO POLARIX cohort if an IPI score ≥2 was used as 
an inclusion criterion per the original trial design. If NCCN-IPI 
and R-IPI were used as selection criteria, a significantly higher 
proportion of patients were trial-eligible. With NCCN-IPI as in-
clusion criteria instead of IPI, 616 more patients could enter the 
LYFO POLARIX cohort. Consequently, with the exclusion of 

FIGURE 2    |    Sankey diagram of risk groups (left colon) and reclassification mortality frequencies (right colon) with NCCN-IPI as referent model 
in the LYFO POLARIX cohort. H, high risk; HI, high-intermediate risk; IPI, International Prognostic Index; L, low-risk; LI, low-intermediate risk; 
NCCN-IPI, National Comprehensive Cancer Network IPI; R-IPI, revised IPI.
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low-risk NCCN-IPI, 47% of the initial population could be can-
didates for the respective trial. These results demonstrate that 
a significant fraction of the population is trial-ineligible. The 
findings were confirmed in the independent LYFO EPCORE 
DLBCL-2 cohort despite a slight difference in trial eligibility cri-
teria between the POLARIX and EPCORE DLBCL-2 trials.

IPI identified significantly more patients as low-risk (33.1%) 
than R-IPI (9.8%) and NCCN-IPI (11.9%) in the LYFO POLARIX 
cohort. These results mimicked original data from the publica-
tions behind IPI and R-IPI [2, 3]. However, we identified a lower 
percentage of patients in the low-risk NCCN-IPI group com-
pared with the study of Zhou et al., which is probably because 
NCCN-IPI was developed in real-life populations, while IPI was 
developed based on clinical trial cohorts [4]. Regarding treat-
ment response, most patients in the current study achieved CR 
(85.6%). Compared with the original POLARIX trial, in which 
78% in the Pola-R-CHP group and 74% in the R-CHOP group 
achieved CR, we observed more favorable responses also when 
patients with low-risk IPI (82%) and NCCN-IPI (84.2%) were 
excluded [13]. In our study, the improved treatment response 

may result from more intensive treatments in some cases and a 
slight risk of misclassification of certain DLBCL patients in the 
LYFO registry, as further explained in the limitations section. 
However, response rates in our study are in accordance with 
previously reported data on treatment responses in DLBCL pa-
tients [27].

Regarding survival, all models could discriminate between risk 
groups in rituximab-treated patients. Although Ruppert et al. 
showed that NCCN-IPI exhibited the best prognostic quality 
measures, the authors concluded that all three scoring systems 
failed to identify a high-risk group with poor long-term OS, as 
5-years OS ranged from 49% to 53.9%, and 60.9% for NCCN-IPI, 
IPI, and R-IPI, respectively [1]. As we included trial candidates 
from the real-world population, we, as anticipated, found simi-
lar 5-year OS in the high-risk patients according to NCCN-IPI 
(47.3%), IPI (56.2%), and R-IPI (67.5%). This contrasts with the 
original publication behind NCCN-IPI, where the 5-year OS for 
high-risk NCCN-IPI and IPI were 33% and 54%, respectively. 
However, NCCN-IPI was developed from a real-world popula-
tion, while Ruppert et al. analyzed patients treated in clinical 

FIGURE 3    |    Overall survival regarding four International Prognostic Indices in the LYFO POLARIX cohort (Kaplan–Meier curves). The shaded 
color areas around curves represent confidence intervals. H, high risk; HI, high-intermediate risk; IPI, International Prognostic Index; L, low-risk; 
LI, low-intermediate risk; NCCN-IPI, National Comprehensive Cancer Network IPI; R-IPI, revised IPI.

FIGURE 4    |    Overall survival of low-risk IPI patients and reclassified by NCCN-IPI and R-IPI into very low-risk (VLR) and high low-risk (HLR) 
groups in the LYFO POLARIX cohort. IPI, International Prognostic Index; NCCN-IPI, National Comprehensive Cancer Network IPI; R-IPI, revised 
IPI.
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trials, where better outcomes in high-risk populations compared 
with a real-life population are somewhat expected [1, 4].

Furthermore, NCCN-IPI, in our study, could identify patients 
with an excellent prognosis. The 5-year OS rate in the low-
risk group was 97.5%, similar to R-IPI but differed from the 
IPI (91.4%). We also observed more deaths in the low-risk 
IPI group (16.1%) in the follow-up compared with 4.4% and 
4.6% in the low-risk NCCN-IPI and R-IPI. Moreover, higher 
relapse rates were estimated for low-risk IPI (9.9%) compared 
with low-risk NCCN-IPI (4.4%) and R-IPI (5.0%) groups. Most 
importantly, both NCCN-IPI and R-IPI could identify a sub-
group of patients within the low-risk IPI population that has 
a greater likelihood of relapse, treatment failure, early death, 
and overall mortality. This result indicates that IPI did not ac-
curately identify a low-risk population of trial-eligible patients 
who may experience treatment failure with standard therapy. 
Loss of information due to the dichotomization of variables 
across IPI scores may cause previously described outcome 
heterogeneity within IPI. Consequently, including low-risk 
patients with excellent prognoses can lead to potentially un-
derpowered trials [28]. This may be prevented by excluding 
patients with low-risk NCCN-IPI or R-IPI instead of IPI from 
front-line clinical trials while balancing experimental first-
line treatments' potential benefits and side effects. As clinical 
trials are expensive for sponsors, identifying a population that 
most likely benefits from experimental drugs is crucial, which 
could be why many front-line DLBCL clinical trials have more 
restrictive eligibility criteria [10]. However, more strict clin-
ical eligibility criteria can prevent the approval of beneficial 
experimental treatment in specific groups of patients not in-
cluded in original clinical trials [10].

Selecting eligible patients for clinical trials using prognos-
tic models should be done carefully, considering additional 
emerging prognostic markers that can help to increase sta-
tistical power when designing clinical trials [17]. Many prog-
nostically significant laboratory markers (e.g., hemoglobin, 
albumin, beta 2-microglobulin, and white blood cell counts) 
have improved discriminatory ability when added to current 
models [29–31]. Integrating more precise metrics measuring 
tumor burden (e.g., total metabolic tumor volume and the 
maximum distance among lesions), interim response assess-
ments, and quantifying the tumor using circulating tumor 
DNA to identify patients at risk of treatment failure has shown 
promising results [17]. Moreover, identifying multiple genetic 
subtypes within and beyond the cell of origin classification 
could help select trial-eligible patients while testing experi-
mental agents, allowing a more personalized approach. Last, 
innovative trial designs are necessary to identify a broader 
population of DLBCL patients who could benefit from agents 
under evaluation [26].

Although this is one of the most extensive studies based on real-
world population data investigating the impact of International 
Prognostic Indices as a selection criterion for entering clinical 
trials, several limitations should be addressed. The retrospec-
tive nature of the study using register-based data comes with a 
selection bias, as around 17% of patients were excluded due to a 
lack of data on required variables when adjusted for trial inclu-
sion criteria. Moreover, there is a small risk of incorrect disease 

classification, such as primary mediastinal B-cell lymphoma 
and primary effusion lymphoma, which are typically excluded 
from clinical trials. However, due to the rarity of these subtypes, 
the impact is likely to be insignificant. Nevertheless, by using 
inclusion criteria according to selected clinical trials, despite 
the necessity for additional adjustments regarding ANC, renal 
function, heart disease, and fitness, we were able to select a pop-
ulation of patients that is likely to be included in clinical trials. 
The study's main strength is the large number of patients from 
the real world included and the possibility of direct comparison 
of prognostic models as inclusion criteria for entering clinical 
trials.

5   |   Conclusion

In this retrospective registry-based study, we evaluated the im-
pact of International Prognostic Indices on selecting patients for 
clinical trial inclusion. Even if IPI was not part of the trial enrol-
ment criteria, only about 55% of the registry population could be 
trial-eligible based on eligibility criteria from two large clinical 
trials. However, if patients with a low-risk IPI were excluded, 
over one-third of the primary eligible patients would be ineligi-
ble per the original protocol, further limiting patients eligible for 
a clinical trial. Substituting low-risk IPI with low-risk NCCN-
IPI or R-IPI could significantly reduce the number of excluded 
patients, approximately 12% of our trial-eligible population. 
Moreover, NCCN-IPI and R-IPI identified a subgroup of patients 
with low-risk IPI and a less favorable prognosis. Due to a highly 
favorable prognosis, patients with low-risk NCCN-IPI or R-IPI 
should be excluded from upfront clinical trials, as this approach 
would spare a population with an excellent prognosis from the 
potential harm of experimental treatment. However, current 
prognostic models fail to identify high-risk patients with poor 
long-term survival. Therefore, identifying additional prognostic 
parameters besides prognostic models for selecting trial-eligible 
patients at risk of treatment failure is warranted.
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