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Abstract Several revisions of International Prognostic
Index (IPI) have been proposed for patients with diffuse
large B-cell lymphoma (DLBCL) after the introduction of
rituximab. Expanding evidence suggests that baseline abso-
lute lymphocyte count (ALC) is also an independent factor
for outcome prediction. We investigated the optimal

prognostic model for these patients in the rituximab era. The
study enrolled 274 consecutive patients with DLBCL receiv-
ing first-line cyclophosphamide, doxorubicin, vincristine, and
prednisone based chemotherapy with rituximab between 2003
and 2009. Five factors within IPI andALCwere entered for Cox
regression analysis. Overall survival (OS) and progression-free
survival were calculated for different risk groups of models.
Efficacy of models was compared by the value of Akaike
information criterion (AIC). Revised IPI (R-IPI) and ALC/R-
IPI, but not IPI, were informative to discriminate between dif-
ferent risk groups. In multivariate analysis for individual factors
of the prognostic models, performance status >1 [odds ratio
(OR) 3.59], Ann Arbor stage III or IV (OR 2.24), and ALC
<1×109/L (OR, 2.75) remained significant. Another modified
score based on the three factors divided patients into four risk
groups and the 3-year OS rate was 93, 77, 39, and 13 %,
respectively. By comparing AIC values in the Cox proportional
hazards model, the modified three-factor model was the superior
prognostic model followed by established ALC/R-IPI, R-IPI,
and standard IPI. In conclusion, the addition of the novel factor,
ALC, interacts with other established factors in outcome predic-
tion for DLBCL. Development of a new score is needed for a
better risk stratification in the rituximab era andwould be helpful
in the design of future clinical trials. The proposed three-factor
model should be validated in large-scale studies.

Keywords Absolute lymphocyte count .Diffuse largeB-cell
lymphoma . International Prognostic Index . Rituximab

Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common
non-Hodgkin’s lymphoma in adults. Gene expression studies
have revealed the heterogeneity of and provided biological
insights into DLBCL [1]. Molecular profiling can further iden-
tify germinal-center B-cell-like, activated B-cell-like, and type
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3 DLBCL subgroups that have distinct outcomes [2, 3].
Although several immunohistochemistry criteria have been de-
veloped to simulate gene expression profiling, molecular classi-
fication is not universally available. Clinically, the International
Prognostic Index (IPI) composed of five simple baseline factors
has been widely applied to predict the outcomes of patients with
DLBCL for 20 years [4]. However, in the past decade, the
addition of rituximab to chemotherapy has markedly improved
the complete remission (CR) rate, progression-free survival
(PFS), and overall survival (OS) in patients with DLBCL [5].
Because the survival outcomes have changed, the prognostic
value of IPI warrants re-evaluation in the rituximab era [6].

Ziepert et al. [7] analyzed the prognostic relevance of IPI in
1,062DLBCL patients treated with rituximab in three prospec-
tive clinical trials. In pooling analysis, the IPI score is signif-
icant for both PFS and OS endpoints. In contrast, several
revisions of the IPI have also been proposed to improve the
predictive value. Sehn et al. [8] showed that the revised IPI (R-
IPI) is a better predictor of outcome than the standard IPI for
patients with DLBCL treated with cyclophosphamide, doxo-
rubicin, vincristine, and prednisone with rituximab (R-CHOP).
Studies have recently shown that absolute lymphocyte count
(ALC) is an independently novel factor that predicts responses
to chemotherapy and survival of DLBCL. Cox et al. [9]
showed that ALC at diagnosis had a strong prognostic rele-
vance and is independent from the R-IPI. They further valida-
ted the prognostic value of an ALC/R-IPI model in a large
cohort [10]. However, the optimal prognostic system among
IPI and its revisions remains unclear, and possible interactions
between ALC and original IPI factors have not yet been
elucidated. In this study, we investigated a consecutive cohort
of patients with DLBCL in the era of rituximab to analyze the
interactions between commonly used clinical parameters and
compare the prognostic values of different proposed models.

Patients and methods

Study population and data collection

Between January 2003 and December 2009, consecutive
patients with newly diagnosed CD20+ DLBCL treated with
R-CHOPwere enrolled in the cohort. Patients were ineligible
if they had primary central nervous system involvement or
human immunodeficiency virus infection. All patients were
staged according to the Ann Arbor staging system, which
included a physical examination, complete blood count and
comprehensive biochemistry panel, bone marrow (BM) aspi-
ration and biopsy, and computed tomography (CT) of the
neck, chest, abdomen, and pelvis.

The dosing schedule of CHOP has been described previ-
ously [11, 12]. For older adults or patients considered to have
impaired cardiac functions, a dosage of doxorubicin could be

modified or replaced with epirubicin. The decisions for
second-line treatments were made on an individual basis at
the discretion of the attending physicians. Autologous stem
cell transplantation was performed in patients with an ade-
quate peripheral stem cell harvest and suitable clinical condi-
tion after second-line chemotherapy [13]. The baseline char-
acteristics of patients, including patient demographics, com-
plete blood count, serum biochemistries, performance status
(PS), and lymphoma stage, were collected at the time of
diagnosis. Follow-up was continued until January 1, 2011,
or the time of death. The study was reviewed and approved by
the Institutional Review Board of Taipei Veterans General
Hospital.

Response evaluation

Methods of response assessment were physical examination,
relevant laboratory tests, and CT scans for previous involve-
ment of lymphoma. Positron emission tomography scanning
using [18F] fluorodeoxyglucose was used as an additional
assessment tool at the discretion of treating physicians if a
response could not be clearly determined by standard pro-
cedures. Interim response to R-CHOP therapy was usually

Table 1 Baseline characteristics of patients with diffuse large B-cell
lymphoma (n=274)

Factor Patient number (%)

Age, median (range) 70 (16–88)

Age>60 years 175 (63.9)

Male 162 (59.1)

Performance status ECOG>1 90 (32.8)

LDH>upper normal limit 186 (67.9)

Ann Arbor stage

I/II 126 (46.0)

III/IV 148 (54.0)

Extranodal sites>1 66 (24.1)

Bone marrow involvement 37 (13.5)

B symptoms 62 (22.6)

IPI risk (score)

Low (0–1) 84 (30.7)

Low intermediate (2) 55 (20.1)

High intermediate (3) 65 (24.1)

High (4–5) 69 (25.2)

Bulky tumor>10 cm 45 (16.4)

ALC<1×109/L 66 (24.4)

First-line chemotherapy responsea

Complete response 169 (66)

Partial response 69 (27)

ECOG Eastern Cooperative Oncology Group, LDH lactate dehydroge-
nase, IPI International Prognostic Index, ALC absolute lymphocyte count
a From 257 evaluable patients

Ann Hematol

Author's personal copy



assessed after 3 or 4 cycles of chemotherapy, and restaging
was performed again at the end of treatment. Response was
assessed according to the International Workshop’s criteria by
treating physicians and classified as CR, partial remission
(PR), stable disease (SD), and progressive disease (PD) [14].
Progression was defined as any new lesion or increase by
more than 50 % of previously involved sites from nadir. PFS
was calculated from the date of diagnosis to the date of
documented disease progression or death from any cause.
OS was calculated as the duration from the date of diagnosis
to the date of death by any cause or last follow-up. CT scans
were performed every 3 or 6months over the following 2 years
after therapy and then annually until 5 years after the comple-
tion of therapy. Patients without adequate information regard-
ing restaging were excluded from subsequent analysis.

Statistical analysis

Survival curves were computed according to the Kaplan–
Meier method and compared using the log-rank test. Cox
regression was applied for uni- and multivariate analyses to

determine the prognostic values of baseline demographic
factors. Variables with P<.1 in univariate analyses were
entered into multivariate analyses. A P<.05 was regarded
as statistically significant in two-sided tests. For ALC, dif-
ferent cut-off points between the 25 and 75 % quartiles were
evaluated, and ALC of 1×109/L was used based on a previ-
ous study [12]. The discriminatory ability of prognostic
models was examined by Akaike information criteria
(AIC), a measure of the relative goodness of fit of statistical
models [15, 16]. A lower value of AIC indicates a more
explanatory and informative model. All statistical analyses
were performed using SPSS statistical software, version 16.0
(SPSS, Chicago, IL, USA).

Results

Patients

Between January 2003 and December 2009, 274 patients
treated with first-line R-CHOP or R-CHOP-like

Fig. 1 Overall survival of 274 DLBCL patients according to a the
number of original IPI factors and b the number of factors, including the

original 5 IPI factors and ALC. DLBCL diffuse large B cell lymphoma,
IPI International Prognostic Index, ALC absolute lymphocyte count

Table 2 Univariate and multivariate analyses of six factors for overall survival

Factor Univariate analysis Multivariate analysis

OR 95 % CI P value OR 95 % CI P value

Age>60 vs. ≤60 years 2.00 1.21–3.31 .007 – – –

ECOG PS >1 vs. ≤1 4.68 2.99–7.33 <.001 3.59 2.27–5.67 <.001

LDH>ULN vs. normal 3.59 1.94–6.63 <.001 – – –

Ann Arbor stage III/IV vs. I/II 3.47 2.08–5.81 <.001 2.24 1.31–3.82 .003

ENS>1 vs. ≤1 sites 2.00 1.27–3.17 .003 – – –

ALC ≤1 vs. >1×109/L 3.84 2.48–5.95 <.001 2.75 1.76–4.32 <.001

OR odds ratio, CI confidence interval, ECOG Eastern Cooperative Oncology Group, PS performance status, LDH lactate dehydrogenase,ULN upper
normal limit, ENS extranodal sites, ALC absolute lymphocyte count
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chemotherapy were enrolled in the cohort. As shown in
Table 1, the median age at diagnosis was 70 years (range,
16–88 years). The median follow-up was 25.2 months.
Using the IPI for risk stratification, 84 patients (30.7 %) were
low risk, 55 patients (20.1 %) were low-intermediate risk, 65
patients (24.1 %) were high-intermediate risk, and 69 pa-
tients (25.2 %) were high risk. Mean ALC (±SE) at the time
of diagnosis was 1.59±0.07×109/L. ALC at 25, 50, and 75
percentile was 1.01×109, 1.39×109, and 1.99×109/L, re-
spectively. Sixty-six (24.4 %) patients had an ALC<1×
109/L. Of the 257 patients evaluated for a response to che-
motherapy, the overall response rate was 93 % with a CR of
66 % and a PR rate of 27 %. Twenty-five patients underwent
stem cell transplantation for relapsed disease.

Outcome according to the number of IPI factors
with or without ALC

The 3-year PFS and OS for the 274 patients were 55.5 and
69.4 %, respectively. The impact of the number of IPI factors
was analyzed for PFS and OS. As shown in Fig. 1a, patients
with one and two factors listed in the IPI were not discrim-
inative in PFS and OS (PFS, 73.8 % vs. 74.0 %, P=.866; OS,
91.6 % vs. 82.7 %, P=.479). Similarly, the outcomes of IPI-
defined high-intermediate patients were not different from
those of high-risk patients (PFS, 39.9 % vs. 31.4 %, P=.322;
OS, 49.9 % vs. 45.0 %, P=.269). We further analyzed the
effect of ALC addition on the outcome of patients with
R-CHOP treatment, as shown in Fig. 1b; the survival curves
converged toward three major risk groups. These observations

showed that the use of the number of risk factors alone pro-
vided by IPI with or without ALC was suboptimal to separate
the prognoses of DLBCL patients in the rituximab era.

Analysis of interactions between prognostic factors

To investigate the interactions between ALC and individual
IPI factors in DLBCL patients, clinical parameters were
analyzed in a Cox regression model; the results are shown
in Table 2. In univariate analysis, the IPI factors and ALC at
diagnosis were strong prognostic factors for OS. However, in
multivariate analysis, only poor PS with an Eastern Cooper-
ative Oncology Group score of >1 [odds ratio (OR), 3.59;
95 % confidence interval (CI), 2.27–5.67; P<.001], Ann
Arbor stage >2 (OR, 2.24; 95 % CI, 1.31–3.82; P=.003),
and ALC<1×109/L (OR, 2.75; 95 % CI, 1.76–4.32;
P<.001) remained independent prognostic factors.

Comparison of the survival outcomes by different prognostic
models

We then investigated the prognostic impact of three
established scoring systems (IPI, R-IPI, and ALC/R-IPI) on
disease outcomes in our study population. In addition, based
on the observations from multivariate analysis, we
constructed a modified three-factor prognostic model using
PS, Ann Arbor stage, and ALC. As shown in Table 3 and
Fig. 2, R-IPI and ALC/R-IPI were useful for discriminating
the prognosis of patients into three risk groups. In contrast,
the OS of low and low-intermediate risk patients defined by

Table 3 Survival outcomes of
patients in different risk
groups defined by IPI, R-IPI,
ALC/R-IPI, and the modified
three-factor model

OS overall survival, PFS
progression-free survival, IPI
International Prognostic Index,
ALC absolute lymphocyte count,
PS performance status

Models and risk groups Percentage of patients 3-year OS P value 3-year PFS P value

IPI <.001 <.001

Low 31 95 75

Low intermediate 20 83 70

High intermediate 24 50 40

High 25 45 31

Revised IPI <.001 <.001

Very good 11 100 78

Good 40 87 72

Poor 49 47 36

ALC/R-IPI <.001 <.001

Low 44 94 77

Intermediate 38 60 44

High 18 29 23

Modified 3-factor
(PS, stage III/IV, ALC)

<.001 <.001

Score 0 32 95 78

Score 1 34 79 60

Score 2 25 40 34

Score 3 9 18 10
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the IPI was not different. High-intermediate and high-risk
patients also had similar outcomes. For the modified three-
factor model, 3-year OS of patients with 0, 1, 2, and 3 factors
were 94.8, 79.2, 40.3, and 18.4 %, respectively (Fig. 2d, P
<.001). For the prognostic values of these models evaluating
PFS, R-IPI and ALC/R-IPI were informative for discrimi-
nating among the different risk groups, and IPI was not
(Table 3 and Fig. 3a–c). The modified three-factor model
was also successful for separating the outcomes of patients
(PFS of patients with 0, 1, 2, and 3 factors were 78.4, 59.6,
33.7, and 10.0 %, respectively, P<.001, Fig. 3d).

To compare the prognostic value of the IPI and its re-
visions, AIC was used to measure the relative goodness of fit
of the different statistical models. As shown in Table 4, the
modified three-factor model was the most accurate prognos-
tic model for PFS and OS according to the AIC score,
followed by ALC/R-IPI and R-IPI. The IPI had the highest

AIC value, which indicated its inferior explanatory and
informative power in prognostic prediction.

Discussion

This study explores the optimal prognostic model in an unse-
lected population of patients treated with R-CHOP in Taiwan.
Several research questions were addressed in this study, and
the principal findings suggest that the addition of the novel
factor ALC might interact with other established factors in
outcome prediction for DLBCL. Our study also demonstrated
that the ALC/R-IPI was the most accurate prognostic system
among the established models in the rituximab era. The mod-
ified three-factor model showed superior predictive ability to
the three established models, suggesting that new prognostic
models for DLBCL for the era of rituximab are required [10].

Fig. 2 Overall survival of 274 DLBCL patients according to different prognostic models: a IPI, b R-IPI, c ALC/R-IPI, and d the modified three-
factor model. DLBCL diffuse large B cell lymphoma, IPI the International Prognostic Index, R-IPI revised IPI, ALC absolute lymphocyte count
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Current data show that no consensus has been reached
regarding the best prognostic model for describing the het-
erogeneity of DLBCL. The predictive value of the standard
IPI in the era of immunotherapy remains an open question.

The analysis of data from three prospective trials provided
good evidence that the standard IPI remains a valid predictor
of outcome for patients with aggressive CD20+ B cell lym-
phoma in the rituximab era [7]. However, the dose or sched-
ules of chemotherapy regimens were different in the three
prospective trials, and the IPI had a limited ability of identi-
fying patients with substantially poor outcomes. Further-
more, new prognostic models, such as the R-IPI and
ALC/R-IPI, were not investigated and compared in this
analysis. However, several studies have stated that the IPI
has now lost its power of prediction. In the Sehn et al. [8]
study, although the IPI remains predictive, it identifies only
two risk groups, and no longer identifies a risk group with
<50 % chance of survival. Tay et al. [17] stated that only PS
and BM involvement were independent prognostic factors
for patients receiving R-CHOP. The meta-analysis by Ziepert
et al. showed that more than one extranodal disease appeared
to be a less significant factor than that reported in the original

Fig. 3 Progression-free survival of 274 DLBCL patients according to different prognostic models (a) IPI, (b) R-IPI, (c) ALC/R-IPI, (d) and the modified 3-
factor model. DLBCL is diffuse large B cell lymphoma, IPI is the International Prognostic Index, R-IPI revised IPI, ALC absolute lymphocyte count

Table 4 Comparison of the prognostic ability of the five statistical
models

Prognostic models OS Model
fit (AIC)

PFS Model
fit (AIC)

IPI 798.715 1,198.166

Revised IPI 791.263 1,189.948

ALC/R-IPI 780.935 1,185.934

Modified 3-factor
(PS, stage III/IV, ALC)

771.102 1,181.531

OS overall survival, PFS progression-free survival, AIC Akaike infor-
mation criterion, IPI International Prognostic Index, ALC absolute
lymphocyte count, PS performance status
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cohort developed for IPI. In addition, abnormal lactate de-
hydrogenase (LDH) and advanced stage also lost their prog-
nostic roles in the subgroup analysis of the MInT trial [7]. In
our study, the prognostic significance of old age, LDH, and
extranodal sites also diminished in patients receiving a
rituximab-containing regimen. Furthermore, in addition to
clinical parameters, several biomarkers in the pre-rituximab
era, such as bcl-2 [18], bcl-6 [19], PRDM1 [20], and p53
[21], may change their predictive roles for adverse outcomes
after the introduction of rituximab. These examples indicate
how, with new therapies, single prognostic factors should be
re-evaluated, and new predictive models should be introduced
into clinical practice. Collectively, although the IPI is still
valid in the R-CHOP era, it is probably inadequate as a good
predictive model; the comparisons of existing models in this
study might provide clues for further revision in the future.

The impact of ALC on the prognosis of patients with
lymphoma has recently been noted. Two studies found that
lymphopenia and peripheral natural killer cell count were
independently associated with poor clinical outcomes in
patients with lymphomas treated with CHOP [22, 23]. In
the rituximab era, researchers showed that ALC appeared to
be more important for risk stratification, predicting response
to rituximab therapy or relapse in patients with DLBCL [10,
13, 24, 25]. We also previously demonstrated that ALC was
an important surrogate marker for predicting the occurrence
of interstitial pneumonia, a common complication in
DLBCL patients receiving rituximab-containing regimens
[12]. In this study, we showed that ALC is a prognostic
factor in an unselected population, and it has interacted with
individual IPI factors. After multivariate analysis, ALC
remained in its prognostic role for predicting outcomes of
patients with DLBCL. Further prospective clinical trials are
necessary to further validate the prognosis value of this
hematologic profile and to investigate the relationship be-
tween the lymphocyte subpopulation and clinical outcomes.

Our study has several limitations. First, our study was a
single-center unrandomized study of a relatively small num-
ber of patients compared to previous studies. The median
follow-up time was also relatively short (25.2 months), al-
though it was a reasonable period to evaluate PFS and OS for
poor prognosis DLBCL. However, the patient cohort is rep-
resentative of the general population of patients with DLBCL
and was treated uniformly with a standard R-CHOP protocol.
The results reflect the current standard of routine patient care.
Nevertheless, given that the small population limits the power
of this study and the survival curves could be affected by
random fluctuations, future studies with a large independent
sample size with both training and validation set would be
necessary to test the predictive power of ALC. More impor-
tantly, given the premise of novel discovered biomarkers and
molecular profiles in DLBCL, incorporating clinical, molec-
ular prognostic factors, and even gene expression profiling to

guide the therapeutic strategies is needed. More studies are
definitely necessary to determine how relevant our proposed
revised clinical prognostic index incorporating ALC would be
in the modern context of molecular prognostic markers. Fu-
ture prospective studies may help to determine how would a
novel clinical prognostic index be applied within the immi-
nent clinical application of whole genome analysis and
targeted therapies.

In conclusion, adding the novel factor ALC interacts with
other established factors in outcome prediction for DLBCL.
The significance of the IPI factors might change through the
introduction of new therapy such as rituximab. Accurate
prognostication will be vital to enable tailored therapeutic
approaches. The development of a new score is necessary for
better risk stratification and would be helpful in the design of
future clinical trials. The proposed three-factor model should
be validated in large-scale studies.
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