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Summary
To assess if immunochemotherapy influenced the prognostic value of IPI in elderly diffuse large
B-cell lymphoma (DLBCL) patients, we evaluated the performance of the standard International
Prognostic Index (IPI) and following modifications: age adjusted (AA)-IPI, revised (R)-IPI, and
an elderly IPI with age cut-off 70 years (E-IPI) in patients >60 years treated with RCHOP
(rituximab, cyclophosphamide, doxorubicin, vincristine and prednisone). In 267 patients, by IPI/
AA-IPI 60% were high-intermediate, 53% high and 12% low risk. With R-IPI, 60% were poor
risk and none very good risk. Using E-IPI, 45% were high-intermediate/high risk and 27% low
risk. No differences in outcome were seen in the low/low-intermediate groups with IPI/AA-IPI.
For E-IPI, failure-free survival (FFS) and overall survival (OS) were significantly different for
low/low-intermediate groups. No differences were detected in the four indices with model fit/
discrimination measures; however, E-IPI ranked highest. For elderly R-CHOP treated patients,
distribution of IPI/AA-IPI skewed toward high/high-intermediate risk with no differences in FFS/
OS between low/low-intermediate risk. In contrast, with E-IPI, more are classified as low risk with
significant differences in FFS/OS for low-intermediate compared to low risk. The R-IPI does not
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identify a very good risk group, thus minimizing its utility in this population. The prognostic
discrimination provided by the E-IPI for low and low-intermediate elderly DLBCL patients needs
validation by other datasets.
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Introduction
Diffuse large B-cell lymphoma (DLBCL) is the most common type of non-Hodgkin
lymphoma (NHL).(Harris, et al 2000, Monti, et al 2005, Rosenwald, et al 2002) In DLBCL,
the International Prognostic Index (IPI) is a clinical prognostic model that predicts outcome.
(The International Non-Hodgkin’s Lymphoma Prognostic Factors Project 1993) This model,
based on five independent prognostic factors including age > 60 years, Ann Arbor stage III
or IV, serum lactate dehydrogenase (LDH) >1x normal, performance status (PS) ≥ 2, and
number of extra-nodal sites (EN) >1, identified four distinct prognostic groups.
Characterizing patients by the number of prognostic factors as low (none or one factor,
35%), low-intermediate (two factors, 27%), high-intermediate (three factors, 22%), or high
(four or five factors, 26%) predicted 5-year overall survival (OS) values of 73%, 51%, 43%,
and 26%, respectively. The estimated relative risks associated with each of the
independently significant risk factors were comparable. For younger (age ≤ 60) patients an
age adjusted IPI (AA-IPI) based on 3 risk factors (stage, LDH and PS) also identified four
distinct groups with survivals ranging from 32% to 83%.(The International Non-Hodgkin’s
Lymphoma Prognostic Factors Project 1993)

Both the IPI and the AA-IPI were developed when standard therapy was anthracycline-
based combination chemotherapy; predominantly CHOP (cyclophosphamide, doxorubicin,
vincristine and prednisone). (Fisher, et al 1993) Recently, the standard of care for DLBCL
has changed and significant improvements in outcome for patients have been reported by
incorporating monoclonal antibody therapy with CHOP. A seven-year update of the Groupe
d’Etude de Lymphome d’Adultes (GELA) trial demonstrated a durable benefit of adding
rituximab, a chimeric IgG1 antibody targeting CD20, to CHOP chemotherapy (R-CHOP) for
the treatment of elderly patients with DLBCL (age > 60 years), with a 5-year OS of 58%
with R-CHOP versus 45% with CHOP alone (p=0.0073).(Coiffier, et al 2002, Feugier, et al
2005) The US Intergroup trial (E4494/C9793) also confirmed the superiority of R-CHOP in
patients aged 60 years and older with DLBCL. In this study R-CHOP significantly
prolonged the failure-free survival (FFS) compared to CHOP alone (53% versus 46%,
p=0.04).(Habermann, et al 2006) Subsequently, the German High Grade Lymphoma Study
Group RICOVER-60 trial, Mabthera International Trial (MInT) trial, and a Canadian
population-based study have also confirmed the value of the addition of rituximab to
chemotherapy in DLBCL.(Pfreundschuh, et al 2008, Pfreundschuh, et al 2006, Sehn, et al
2005)

Recently the Vancouver group analysed the applicability of the IPI in a registry population
of patients with newly diagnosed DLBCL treated with R-CHOP. (Sehn, et al 2007) A
revision of the IPI (R-IPI) was proposed, redistributing the five IPI elements into three
prognostic groups with 4-year OS ranging from 55% to 94%. Notably, 4-year OS exceeded
50% in the highest risk group, suggesting a marked improvement in outcome in the
rituximab era.
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Results from the RICOVER-60 trial and the Dutch HOVON (Stichting Hemato-Oncologie
voor Volwassenen Nederland) trials in patients over age 60 found age > 70 to be an adverse
factor.(Pfreundschuh, et al 2008, Sonneveld et al 2006) The latter patients had an inferior
outcome largely due to excessive toxicity and the inability to complete the planned therapy.

The present study assessed the IPI, AA-IPI and R-IPI in patients treated with R-CHOP in the
US Intergroup study E4494, a study restricted to patients > 60 years. Based on reports of
significance of age within an older population, we propose and evaluate an elderly IPI (E-
IPI) with 70 years as the cut-off point for the IPI and also compare the relative dose intensity
of chemotherapy by age in E4494.

Patients and methods
We performed a retrospective analysis of prognostic indices in elderly patients treated on the
R-CHOP arm of the US Intergroup trial E4494 conducted according to the Declaration of
Helsinki and approval by Human Investigations Committees.

Patients were 60 years of age or older and had been randomized to receive 6 to 8 cycles of
CHOP plus rituximab (administered on days -7 and -3, and prior to the third, fifth, and
seventh cycles as previously described).(Habermann, et al 2006) Complete or partial
responders after R-CHOP, stratified by initial standard IPI, were then randomized to
observation or maintenance rituximab (MR) administered weekly for four consecutive
weeks at six-month intervals for a total of four cycles. MR did not influence outcome after
R-CHOP, therefore we included all R-CHOP treated patients in this analysis.(Morrison et al
2007)

The distribution of patients for the index groups (IPI, AA-IPI, R-IPI, E-IPI) has been
reported, as well as the FFS and OS (Habermann, et al 2006). FFS was defined as the time
from R-CHOP randomization to the first relapse, non-protocol treatment or death. OS was
defined as the time from R-CHOP randomization to death from any cause. FFS and OS were
estimated by the Kaplan-Meier method and compared by clinical features using the log-rank
test.(Kaplan & Meier 1958) Cox proportional hazards model was used to estimate the hazard
ratio (HR) with the low risk groups as the reference group. Performance of indices was
compared by a measure of global fit (Akaike’s information criteria, AIC) and by a measure
of discrimination (concordance probability estimate, CPE). (Akaike 1974) (Gönen & Heller
2005)(Harrell 2001) Low values of AIC indicate better fit and high values of CPE indicate
better discrimination. The area under the receiver operator characteristic curve (ROC) over
time has been shown and denoted as area under the ROC curve (AUC). (Heagerty & Zheng
2005)

Relative Dose of CHOP
To understand if outcome with advanced age is related to differences in chemotherapy dose
delivered or to differences in the inherent biology of the disease in elderly patients, the
relative dose (RD) of R-CHOP was compared according to age younger or older than 70
years. At each cycle, RD was calculated as: [Actual dose (mg) / BSA (m2)] / [Protocol
specified dose (mg/ m2)] *100. Median RD’s were compared using the Wilcoxon rank sum
test and the proportions that reached full dose (defined as >=85% of planned) were
compared using the Fisher’s exact test. Fisher’s exact test was also used to compare baseline
characteristics by whether patients achieved full dose of the average relative dose (ARD) of
cyclophosphamide and doxorubicin.
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Results
Among the 267 patients randomized to the R-CHOP arm, the frequency of the individual
prognostic factors within the IPI and the estimated relative risk from univariate analysis of
FFS and OS are provided in Table I. The median age of our study population was 69 years
(range 60-92). The majority (75%) had advanced stage disease and more than 60% had an
elevated LDH. Sixty percent had 3 or more adverse risk factors (Table II). In univariate
analysis, FFS and OS were significantly different (p<0.01) by the IPI factors with the
estimated relative risk (RR) ranging from 1.6-2.3 for FFS and 1.8-2.3 for OS. Patients ≥70
years of age were at an increased risk of failure, as compared to patients < 70 years (RR
estimate of 1.7, p=0.002). The estimated 3-year FFS was 64 (95% confidence interval {CI}:
[56,72] versus 49 95% CI: [40,58] and 3-year OS was 74 (95% CI: [72,82] versus 58 (95%
CI: [49,66], respectively.

For each of the 4 indices, the estimated FFS and OS distribution using the Kaplan Meier
method are shown in Figures 1 and 2. The estimated 3-year FFS and OS by risk groups are
provided in Table II as well as the estimated HR using the lowest risk group as the reference
group. The 3-year FFS and OS estimates among patients reclassified between the IPI and E-
IPI groups are provided in Table III.

IPI and Age-adjusted IPI
When the standard IPI was employed, as would be expected by the older population in this
study, relatively few (12%) patients were in the low (0-1 factor) risk group. The risk groups
for the remaining patients were distributed as: low intermediate (2 factors): 28%, high
intermediate (3 factors): 33%, and high (4 or 5 factors): 27% (Table II). No differences were
detected in the outcomes for the low and low intermediate groups (estimated HR of 1.3,
p>0.4 for FFS and OS)(Table II, Figures 1a and 2a). In contrast, significant differences were
noted in the comparison of the high intermediate and high risk groups: 3-year FFS 56%
versus 33% (log-rank p<0.01) and 3-year OS 68% versus 43% (log-rank p<0.01),
respectively (Table II, Figures 1a and 2a).

With application of the AA-IPI, the majority of patients had either low intermediate (35%)
or high intermediate risk (44%) disease (Table II). Both low (12%) and high (9%) risk
groups were proportionally small (Table II). Similar to the IPI, the AA-IPI was prognostic of
outcome for both FFS and OS (Table II, Figures 1b and 2b) with no difference detected
between the low and low-intermediate risk groups (estimated HR of 1.4 and 1.3,
respectively, for FFS and OS, p>0.3). Significant differences in outcome were noted for the
high intermediate versus the high-risk group: 3-year FFS 47% versus 31% (log-rank
p<0.001) and 3-year OS 59% versus 35% (log-rank p<0.001), respectively. Although the
AA-IPI identified a high-risk group with very poor outcome, only 24 (9%) patients were in
this category (Table II).

Revised international prognostic index
The R-IPI defines three risk groups with 0, 1-2, and 3-5 of the IPI factors designated as very
good, good and poor. By definition, in our study of patients 60 years or older, all patients
had at least 1 factor. Therefore, there were no patients in the very good category. Within the
two remaining groups, 40% of our patients were classified as good risk and 60% as poor risk
(Table II). FFS and OS for these two groups were significantly different (estimated HR of
2.0 and 2.1, respectively, p<0.001, Table II), with 3-year FFS estimates of 72% versus 46%
and 3-year OS estimates of 81% versus 57% for the good versus poor risk patients.
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Elderly international prognostic index
Using 70 years of age instead of 60 years as the cut-off point in the IPI resulted in more
patients in the E-IPI low risk category compared to the standard IPI (27% versus 12%)
whereas the high-risk group was reduced (16% versus 27%), (Table II). The 3-year FFS
estimates for the low, low intermediate, high intermediate and high-risk groups according to
E-IPI were 77%, 62%, 47% and 28% respectively, (Figure 1d). The 3-year OS estimates
were 86%, 74%, 58% and 36% for the respective E-IPI groupings (Figure 2d). Within the E-
IPI risk groups, significant differences in FFS and OS were detected between both the low
and low intermediate risk groups and the high intermediate and high risk groups (estimated
HR of 2.1 and 1.9 for FFS and OS, respectively, p<0.05, Table II).

Specifically, among the low intermediate IPI patients, 42 (56%) were reclassified as low risk
by the E-IPI. Among the high intermediate IPI patients, 41 (46%) were classified as low
intermediate by the E-IPI and of the high risk IPI patients, 30 (42%) were reclassified as
high intermediate by E-IPI. The 3-year estimates among the reclassified patients were better
than those who were not reclassified and the estimated values were closer to the 3-year
estimates for the corresponding E-IPI category than the corresponding IPI category (Table
III).

Relative dose of CHOP
The median RD for each agent in R-CHOP was close to 100% at each cycle (data not
shown). The median average RD intensity across 6 cycles was 99.7% for cyclophosphamide
and 99.4% for doxorubicin. Of the 128 patients ≥ 70 years, 70% completed 6 cycles of
therapy as compared to 88% of 139 patients < 70 years (p<0.001). The reasons for not
completing 6 cycles of therapy for those ≥ 70 years of age (n=38) versus those < 70 years
(n=16) were excessive complications and toxicity (34% vs. 31%), patient withdrawal or
refusal (26% vs. 0%), patient death without progressive disease (24% vs. 25%), progressive
disease (5% vs. 25%) and other reasons (11% vs. 19%), respectively. The outcome of
patients ≥ 70 years with incomplete therapy was significantly inferior to those who
completed therapy; estimated 3-year FFS 23% versus 60%, p=0.0001 and 3-year OS 30%
versus 70%, p=0.0001, respectively.

Comparison of IPI, AA-IPI, R-IPI and E-IPI
The area under the ROC curve, denoted as AUC, is shown in Figures 3a for FFS and in 3b
for OS. As to be expected for long-term outcomes, such as FFS and OS, the AUC ranged
from 0.58 to 0.68 across time for the various indices. These figures suggest the following
ranking of the indices, from highest to lowest AUC over time: E-IPI, IPI, AA-IPI and R-IPI.
Similar rankings were obtained using the global model fit criterion (AIC, Table IV) and
discrimination measure (CPE, Table IV) with the E-IPI achieving the best fit and
discrimination for this population. However, the 95% confidence intervals of the estimated
CPE for the E-IPI overlaps with the other indices.

Discussion
Our data showed the standard IPI to be prognostic in patients >60 years in the R-CHOP era
(Figures 1a and 2a), but no differences were detected between low and low intermediate risk
groups. Similar results were found with the AA-IPI (Figures 1b and 2b). Both the IPI and
the AA-IPI identified a group of high-risk patients with a poor prognosis, however, only 9%
of the patients were high risk per the AA-IPI. In this older population, the R-IPI yielded two
risk groups, minimizing the utility of this index in this population. In contrast, classification
by the E-IPI resulted in survival differences between the low and low intermediate risk
groups.
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In the original IPI analysis, age was dichotomized at 60 years because candidacy for high
dose therapies supported by autologous stem cells was restricted to younger patients.(The
International Non-Hodgkin’s Lymphoma Prognostic Factors Project 1993) Patients > 60
years were treated on different protocols than younger patients based on tolerance for
intensified treatment. However, currently, this is no longer the case, as the use of
granulocyte colony-stimulating factor (G-CSF) has resulted in similar dose intensity of
therapies in both younger and older patient populations in several trials.(Pfreundschuh, et al
2008, Pfreundschuh, et al 2006) Most importantly, data across several studies have shown
that outcomes in patients >60 years are significantly improved by adding rituximab to
CHOP chemotherapy.(Feugier, et al 2005, Habermann, et al 2006, Pfreundschuh, et al 2008)

To better delineate the impact of age as a risk factor in the era of growth factors and
rituximab in an older population, an age cut-off point of 70 years in the US Intergroup trial
E4494 was evaluated. This was also the median age in our study population. Additionally,
data demonstrates greater myelosuppression (73% versus <40% in younger patients) and co-
morbidity play a role in treatment tolerance in patients > 70 years.(Balducci and Beghe
2001) We found ≥70 years to be a significant adverse factor on univariate analysis both for
FFS and OS. As anticipated, the E-IPI age modification placed more patients in the low risk
category and fewer patients in the high-risk category as compared to the IPI and the AA-IPI.
In addition, significant differences in outcome were detected between the low and low-
intermediate risk groups and a particularly unfavorable high-risk group was identified, with
estimated FFS of 28% and OS of 36% (Figures 1d and 2d) at 3 years. The 3-year estimates
among reclassified patients were better than those who were not reclassified and were closer
to the 3-year estimates for the corresponding E-IPI categories than to the IPI category (Table
III).

In the R-CHOP era, other studies have also described age ≥ 70 to be associated with an
inferior outcome in DLBCL. The RICOVER-60 trial and the Dutch HOVON trials in
patients over age 60 found age > 70 to be an adverse factor.(Pfreundschuh, et al 2008,
Sonneveld P 2006) In both studies, a dose dense schedule of R-CHOP was administered
every 14 days. Patients greater than age 70 years had an inferior outcome largely due to their
inability to complete the planned therapy and excessive toxicity compared to younger
patients. This was the case in our study as well and fewer patients age ≥ 70 completed 6
cycles of therapy (70% compared to 88%, p=0.0001). The majority refused a full course of
therapy or were unable to complete full course due to excessive toxicities. In addition,
outcome of this group was significantly worse as compared to those who completed therapy
(3-year FFS 23% versus 60%, p=0.0001 and OS 30% versus 70% p=0.0001, respectively).

Co-morbidities, often age-dependent, probably played a role in this observation. Co-
morbidities have been classified as low, medium or high risk according to an index
developed by the National Institute of Aging and the National Cancer Institute.(Yancik, et al
1998) A population-based study from the Netherlands has used the latter co-morbidity score
and assessed outcome in patients with NHL.(Janssen-Heijnen, et al 2005) A high impact co-
morbidity score doubled the risk of death and was independent of the IPI.(Janssen-Heijnen,
et al 2005) A comprehensive geriatric assessment (CGA), in addition to co-morbidities also
accounts for functional, cognitive, and emotional status, and has been used as a tool for
tailoring therapy in patients > 70 years with aggressive lymphomas.(Repetto, et al 2002) A
recent study prospectively evaluated the CGA for choice of chemotherapeutic agent and
appropriate dosing in patients > 70 years with DLBCL. Most patients tolerated therapy well
with a 3-year OS, disease-free survival and event-free survival of 71%, 80% and 58%,
respectively, suggesting that this approach was a feasible method for tailoring therapy in
elderly patients with DLBCL (Tirelli et al 2008) These studies and our data support the
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concept that patients aged > 60 years are a heterogeneous population with differing
outcomes.

Clinical prognostic features incorporated in the IPI reflect the interaction of the biological
heterogeneity of DLBCL and its treatment. As therapies evolve and impact outcomes,
established prognostic factors must be reassessed. The goal of our analyses was to evaluate
the performance of the IPI and newly proposed prognostic indices in older DLBCL patients
treated on a uniform controlled trial in the rituximab era. The IPI and AA-IPI both identified
a high-risk group with a particularly poor outcome despite R-CHOP therapy; however, no
difference in outcome was detected for the low and low-intermediate risk groups. In
contrast, the E-IPI proposed in this study identified low and low-intermediate risk groups
with different prognosis and a high-risk group. Using the R-IPI, no patients were classified
into the very good risk group, minimizing the utility of this index in patients older than 60
years of age. These distinctions have clinical significance as new therapeutic initiatives are
required for high-risk patients while toxicity issues and detection of higher risk subsets
become more important in low risk patients.(Alizadeh, et al 2000, Lenz, et al 2008,
Malumbres, et al 2008, Moskowitz et al 2006, Nyman, et al 2007, Winter, et al 2006)

In conclusion, in our data set the IPI and AA-IPI remain useful tools for outcome prediction
in patients greater than 60 years of age treated with R-CHOP. The IPI, AA-IPI and the E-IPI
all identify a particularly unfavorable, high-risk group with less than a 50% chance of
surviving 3 years. This has also been the observation in a recent report in which the IPI
maintained its power for risk stratification in the R-CHOP era across three prospective trials
in Germany. (Ziepert, et al, 2010) The additional prognostic discrimination provided by the
E-IPI for low and low-intermediate risk patients needs to be validated by other datasets with
DLBCL patients greater than 60 years of age.
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Figures 1.
a-d: Failure-Free Survival (FFS) According to Prognostic Indices
Abbreviations:
IPI, International Prognostic Index; AA-IPI, Age-Adjusted International Prognostic Index;
R-IPI, Revised International Prognostic Index; E-IPI, Elderly International Prognostic Index;
Low, Low risk; LI, Low Intermediate Risk; HI, High Intermediate Risk; High, High Risk;
poor, Poor Risk; good, Good Risk
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Figures 2.
a-d: Overall Survival (OS) According to Prognostic Indices
Abbreviations:
IPI, International Prognostic Index; AA-IPI, Age-Adjusted International Prognostic Index;
R-IPI, Revised International Prognostic Index; E-IPI, Elderly International Prognostic Index;
Low, Low Risk; LI, Low Intermediate Risk; HI, High Intermediate Risk; High, High Risk;
poor, Poor Risk; good, Good Risk
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Figure 3.
a-b: Time Weighted Area Under the Receiver Operator Characteristics Curves (AUC) for
Failure-Free Survival (3a) and Overall Survival (3b) According to Prognostic Indices
Abbreviations:
IPI, International Prognostic Index; AA-IPI, Age-Adjusted International Prognostic Index;
R-IPI, Revised International Prognostic Index; E-IPI, Elderly International Prognostic Index
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