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Background

The association between baseline renal impairment (RI) and the prognosis of diffuse large
B-cell lymphoma (DLBCL) was previously not defined. The aim of this study was to evaluate
the prognostic value of Rl in patients with DLBCL treated with three-weekly rituximab plus
cyclophosphamide, Adriamycin, vincristine, and prednisolone immunochemotherapy
(R-CHOP21).

Methods

Patients with newly diagnosed de novo DLBCLs treated with =1 cycle of R-CHOP21 were
analyzed retrospectively. Pretreatment blood samples were collected and the glomerular
filtration rate (GFR) was calculated. RI was defined by a GFR of <60 mL/min/1.73 m” ac-
cording to the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula.

Results

Of the 185 patients enrolled in the present study, 19 patients (10.3%) had RI. The reasons
for baseline Rl were pre-existing CKD (N=5), acute kidney injury due to either obstruction
(N=2) or electrolyte imbalance (N=2) related to DLBCL, and undefined causes (N=10).
Patients with baseline RI showed inferior overall survival (OS) compared to those without
RI (P <0.001). In multivariate analysis, Rl was identified as an International Prognostic
Index (IPI)-independent prognostic indicator. A baseline hemoglobin level of <10 g/dL
and the presence of Rl effectively discriminated a portion of the patients with far inferior
event-free survival and OS among the patients having high or high-intermediate risk can-
cers according to either the standard- or the National Comprehensive Cancer
Network-IPI.

Conclusion
Pretreatment RI was an independent prognostic marker for inferior OS in patients with
DLBCL treated with R-CHOP21 immunochemotherapy.

Key Words Diffuse large B-cell ymphoma, Renal insufficiency, Prognosis, Rituximab

INTRODUCTION

of patients with any degree of abnormal renal function or
RI had increased to 57.4% and 52.9%, when assessed by
the Cockcroft-Gault and abbreviated Modification of Diet

Patients who are diagnosed with malignancies often have
some degree of renal impairment (RI) at the time of diagnosis
[1, 2]. The evaluation of 4,684 patients with various types
of cancers from 15 centers in France by the Renal
Insufficiency and Cancer Medication (IRMA) study group
[1] showed that 7.2% of the patients had serum creatinine
levels >110 umol/L (1.24 mg/dL). However, the proportion

in Renal Disease (MDRD) study formula, respectively [3].
Considering this common incidence, the baseline renal func-
tion should be accurately assessed in every patient with
a newly diagnosed cancer, including those having normal
serum creatinine levels, in order to avoid renal toxicity during
treatment through the adequate dosage adjustment of chemo-
therapeutic or other agents [2-4].
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In the field of oncology, the role of renal function as
a prognostic indicator was previously suggested in patients
with advanced cancers receiving palliative or end-of-life care
[5, 6]. However, recently, its prognostic value has been as-
sessed in patients with newly diagnosed cancers. The baseline
RI, assessed by the blood urea nitrogen (BUN) level, was
significantly associated with the overall survival (OS) in pa-
tients with advanced stage non-small cell lung cancer [7],
or with early mortality in patients with resectable pancreatic
adenocarcinoma [8].

Diffuse large B-cell lymphoma (DLBCL) is the most com-
mon type of non-Hodgkin lymphoma among adults [9, 10].
Although DLBCL can be further classified according to the
cell-of-origin [11], this molecular classification currently
cannot be implemented in routine clinical practice. The
International Prognostic Index (IPI) is a useful clinical pa-
rameter and has been widely used for the prediction of
overall treatment outcome in patients with DLBCL, even
in the rituximab era [12]. However, there is still a need
for novel and easy-to-use, as well as reliable biomarkers
for better prognostication.

In the present study, we evaluated the prognostic value
of baseline RI in patients with DLBCL who were uniformly
treated with a three-weekly dose of rituximab plus cyclo-
phosphamide, Adriamycin, vincristine, and prednisolone
(R-CHOP21) immunochemotherapy.

MATERIALS AND METHODS

Patients and treatment

The inclusion criteria for the current study were as follows:
1) patients newly diagnosed with DLBCL according to the
2008 World Health Organization classification criteria; 2)
patients aged =20 years; 3) patients treated with =1 cycle
of R-CHOP21 as previously described at the Gachon
University Gil Medical Center, Incheon, Korea [13]; and
4) patients with a complete set of clinical, laboratory, and
radiologic data for use in the retrospective analysis. Patients
were excluded if they had DLBCLs: 1) of primary or con-
comitant central nervous system (CNS); 2) with human im-
munodeficiency virus infection; or 3) transformed from pre-
existing or previously diagnosed indolent lymphoma. Dose
reduction was determined at the physicians’ discretion; how-
ever, patients having a dose reduction of >25% or those
having cyclophosphamide and/or Adriamycin omitted from
their treatment regimens were excluded.

Ann Arbor stage I or II patients received 3-4 cycles of
R-CHOP21 followed by involved-site radiotherapy or 6-8
cycles of R-CHOP21. Patients having advanced stage cancers
received 6-8 cycles of R-CHOP21. Following the completion
of 6-8 cycles of R-CHOP21, patients underwent a final re-
sponse evaluation with both computed tomography (CT) and
"®F-fluorodeoxyglucose-positron emission tomography/CT.
Tumor response was evaluated according to the revised re-
sponse criteria for malignant lymphomas [14]. After the com-
pletion of the planned R-CHOP21 treatment, involved-site

radiotherapy or upfront autologous stem cell transplantation
for high-risk patients could be performed at the physician’s
discretion. For patients who achieved complete response
(CR), an outpatient department-based surveillance was per-
formed every 2-3 months for the first 2 years, and 4-6 months
thereafter. A pathologic diagnosis was mandatory to confirm
the relapse of DLBCL.

The present study was approved by the institutional review
board (IRB) of the Gachon University Gil Medical Center
(approval number: GAIRB2016-023). All procedures per-
formed in the current study were in accordance with the
ethical standards of the IRB and with the 1964 Declaration
of Helsinki and its later amendments or comparable ethical
standards. Considering the retrospective nature of this study
with minimal risk, the IRB waived the need for informed
consent.

The assessment of renal function and anemia

Pretreatment blood samples were collected and laboratory
analysis was performed to determine the concentrations of
BUN and serum creatinine. If a patient had serial BUN or
creatinine measurements before the initiation of treatment,
the lowest values were selected according to the assumption
that the reversible component of RI caused by dehydration
could be mitigated with fluid use at the time of lymphoma
diagnosis or staging workup. Because the use of cortico-
steroids elevates the level of blood BUN, pretreatment with
any type of corticosteroid before the administration of
R-CHOP21 was thoroughly investigated for each patient.
For patients who were pretreated with corticosteroids, only
the serum BUN and creatinine measurements obtained before
the administration of corticosteroids were selected.

The glomerular filtration rate (GFR) was calculated accord-
ing to the MDRD study formula [15] and the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) formula
[16]. The cut-offs for the classification of renal function
were adapted from the 2002 Kidney Disease Outcomes
Quality Initiative clinical practice guidelines for chronic kid-
ney disease [17], which were as follows: =90 mL/min/1.73
m’ for normal GFR (corresponding to CKD stage 1), 60-89
mL/min/1.73 m’ for mildly reduced GFR (CKD stage 2),
30-59 mL/min/1.73 m” for moderately reduced GFR (CKD
stage 3), 15-29 mL/min/1.73 m’ for severely reduced GFR
(CKD stage 4), and <15 mL/min/1.73 m’ for a GFR that
necessitates dialysis for end-stage kidney failure (CKD stage
5). In the present study, RI was defined by a GFR of <60
ml/min/1.73 m” according to the CKD-EPI. Baseline anemia
was estimated as previously described [13].

Statistical analysis

Event-free survival denoted the time from treatment ini-
tiation to disease progression or to the discontinuation of
treatment for any reason (e.g, toxicity, patient preference,
or death from any cause) [18]. OS denoted the time from
treatment initiation to death from any cause. Survival analy-
ses were performed using the Kaplan-Meier method and
the survival rates were compared using the log-rank test.
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Variables dichotomized from continuous variables were com-
pared using the Fisher exact test or the Pearson chi-square
test, as appropriate. Multivariate analysis was performed with
a backward Cox regression model, only including the varia-
bles that returned P-values <0.1 in univariate analysis. Each
P-value was two-sided and all P-values <0.05 were consid-
ered statistically significant.

RESULTS

Patient characteristics and overall treatment outcomes

In total, 185 patients who were treated between March
2006 and January 2015 were included in the current retro-
spective analysis. Detailed characteristics of the included
patients are summarized in Table 1.

Of the 166 eligible patients, 144 patients (86.7%) achieved
CR, 15 patients (9.0%) showed partial response, and 7 patients
(4.2%) were refractory to R-CHOP21 (progressive disease)
in the final response evaluation. During the 44.1-month me-
dian follow-up period (95% confidence interval [CI], 37.5-
50.7), 53 patients (28.6%) developed any event, which in-
cluded 7 patients who developed disease progression with
R-CHOP21 treatment; 10 patients who developed treat-
ment-related mortality (TRM) with R-CHOP21; 32 patients
who developed DLBCL relapse after the achievement of CR;

Table 1. Patient characteristics.

and 4 patients who died from causes other than DLBCL
or DLBCL treatment after CR (1 patient died of acute my-
ocardial infarction, 1 of aortic aneurysmal rupture, 1 of severe
pulmonary embolism, and 1 of hepatocellular carcinoma pro-
gression). Among the 144 patients who achieved CR after
R-CHOP21 immunochemotherapy, the 2-year and 4-year
relapse-free survival rates were 81.9% and 79.5%,
respectively. Among the patients who were analyzed, 44
patients (23.8%) died, which included 10 patients who died
due to TRM during R-CHOP21 immunochemotherapy, 1
patient due to TRM of upfront autologous stem cell trans-
plantation, and 4 patients due to deaths from other causes
(as described above). The remaining 29 patients died of dis-
ease progression. The 3-year event-free survival and OS were
71.1% and 76.5%, respectively. Both the standard IPI and
the National Comprehensive Cancer Network (NCCN)-IPI
showed good prognostication. However, the NCCN-IPI was
more efficient in discriminating between patients of low-in-
termediate and high-intermediate risk. In addition, the pa-
tients classified as the high-risk group according to the
NCCN-IPI showed poorer OS compared to those classified
as high-risk according to the standard IPI (Fig. 1).

Renal impairment
Twenty-three patients (12.4%) were pretreated with corti-
costeroids and the lowest blood BUN and creatinine levels

N=185 N %
Gender Men 86 46.5
Age (yr) Median (range) 59 (20-89) -
>60 90 48.6
=70 62 33.5
ECOG performance status =2 51 27.6
Lactate dehydrogenase Elevated 94 50.8
Extranodal sites 2 or more sites 53 28.6
Ann Arbor Stage 3or4 94 50.8
Risk by standard International Prognostic Index Low (L) 87 47.0
Low-intermediate (LI) 30 16.2
High-intermediate (HI) 26 14.1
High (H) 42 22.7
Higher risk (HI+H) 68 36.8
Risk by NCCN-International Prognostic Index L 35 18.9
LI 72 38.9
HI 52 28.1
H 26 14.1
HI+H 78 42.2
Bone marrow involvement Yes 30 16.2
Hemoglobin <10 g/dL 40 21.6
B symptom Present 50 27.0
Bulky lesion Present 40 21.6
Hans classification by immunohistochemistry GCB 51 27.6
Non-GCB 91 49.2
Not examined 43 23.2
Consolidative therapy
Involved site radiotherapy Received 31 16.8
Autologous stem cell transplantation Received 12 6.5

Abbreviations: ECOG, Eastern Cooperative Oncology Group; NCCN, National Comprehensive Cancer Network; GCB, germinal center

B-cell-like.
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Fig. 1. Kaplan-Meier graphs for overall survival according to (A) the standard International Prognostic Index and (B) the National Comprehensive

Cancer Network International Prognostic Index.

Table 2. Baseline renal function estimated using several parameters in the analyzed patients.

Parameter Ser?”T‘ BI(?Od urea By MDRD study formula By CKD-EPI formula
creatinine nitrogen

Cut-off >12mg/dL >20mg/dL <90 ml/min/1.73 m* <60 mL/min/1.73 m*> <90 mL/min/1.73 m*> <60 mL/min/1.73 m’
Renal function

Not impaired 174 161 121 168 118 166

Impaired 11 (5.9%) 24 (13.0%) 64 (34.6%) 17 (9.2%) 67 (36.2%) 19 (10.3%)
For overall survival

Hazard ratio 5.3 4.9 1.8 6.5 2.0 5.6

95% confidence interval ~ 2.3-11.9 2.5-9.6 1.0-3.3 3.3-13.1 1.1-3.7 2.9-11.0

P <0.001 <0.001 0.043 <0.001 0.019 <0.001

Abbreviations: MDRD, Modification of Diet in Renal Disease; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration.

measured before the initiation of corticosteroids were
included. Seventeen patients were identified to have RI ac-
cording to the MDRD study formula. Because 2 additional
patients were determined to have RI according to the
CKD-EPI formula (from a GFR of 61.8 and 61.9 mL/min/1.73
m’, respectively, according to the MDRD study formula;
to a GFR of 56.4 and 56.8 mL/min/1.73 m’ respectively,
according to the CKD-EPI formula), 19 patients had RI ac-
cording to CKD-EPI formula. Of the 19 patients, 5 patients
were identified to have had pre-existing CKD through the
review of past medical records. Two patients had post-renal
azotemia, one via the invasion of the ureter, and the other
via the renal parenchymal involvement of the lymphoma
with obstruction of the renal pelvis. Two patients had hyper-
calcemia and/or hyperuricemia, suggestive of acute kidney
injury (AKI) due to an electrolyte imbalance caused by
lymphoma. We could not identify the cause of RI among
the other 10 patients who were aged =70 (range, 71-89)
years, except for 2 patients aged 49 and 69 years, respectively.

The OS was analyzed according to the GFR using both the
MDRD study formula and the CKD-EPI formula (Table 2).
The MDRD study formula and the CKD-EPI formula showed
similar results. RI was selected according to the CKD-EPI

formula for further analysis. The relationship between RI
and the baseline characteristics is shown in Table 3.

9 out of 19 patients (47.4%) with RI underwent an initial
dose reduction (only a reduction of =<25%) for cyclo-
phosphamide and/or Adriamycin, whereas only 28 out of
138 patients (16.9%) without RI did (P=0.002). The pro-
portion of patients who underwent a subsequent dose reduc-
tion of the two drugs did not differ between patients with
and without RI (23.5% of patients with RI vs. 38.1% patients
without RI, P=0.235).

Renal impairment and survival

Patients with RI showed inferior OS compared to those
without RI (3-yr OS, 26.7% vs. 81.8%, P<0.001; Fig. 2A).
The OS did not differ between patients with GFR =90
ml/min/1.73 m’ and those with GFR >60-89 mL/min/1.73
m’ (3-yr OS 82.4% vs. 76.7%, P=0.436; Fig. 2B), suggesting
that only RI defined by a GFR of <60 mL/min/1.73 m’
is a meaningful prognostic indicator of OS. In multivariate
analysis, RI was an IPI-independent prognostic biomarker
(Table 4).

Among patients who were classified as high or high-inter-
mediate risk according to the standard IPI, patients who

Blood Res 2016;51:113-21.
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Table 3. The relationship of renal impairment defined by the CKD-EPI formula to the baseline characteristics of the patients analyzed.

> 60 mL/min/1.73 m”

<60 mL/min/1.73 m*

Parameters (N=166) (N=19) P

Gender Men 77 9 0.935
vs. Women 89 10

Age =60 yr 73 17 <0.001
vs. <60 yr 93 2

Age >70 years 47 15 <0.001
vs. <70 yr 119 4

ECOG performance status =2 39 12 <0.001
vs.0or 1 127 7

Lactate dehydrogenase elevated 83 8 0.514
vs. not elevated 83 11

>2 Extranodal site(s) 43 10 0.015
vs. none or single site 123 9

Ann Arbor stage Ill or IV 82 12 0.256
vs. stage [ or I 84 7

Standard IPI high or high-intermediate 57 11 0.044
vs. low or low-intermediate 109 8

NCCN IPI high or high-intermediate 61 17 <0.001
vs. low or low-intermediate 105 2

Bone marrow involvement 22 8 0.001
vs. no involvement 144 11

Hemoglobin <10 g/dL 28 12 <0.001
vs. >10 g/dL 138 7

B symptom present 40 10 0.008
vs. absent 126 9

Bulky lesion present 37 3 0.514
vs. absent 129 16

Hans classification GCB subtype 48 3 0.234
vs. non-GCB subtype 80 11

Abbreviations: ECOG, Eastern Cooperative Oncology Group; IPI, International Prognostic Index; NCCN, National Comprehensive Cancer

Network; GCB, germinal center B-cell-like.
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Fig. 2. Kaplan—-Meier graph of the patients analyzed according to renal function.

had neither anemia of hemoglobin <10 g/dL nor RI, had
superior OS compared to those with one or both. However,
this was not the case for patients who were classified as
low or low-intermediate risk according to the standard IPI
(Fig. 3A, B). These findings were maintained when the analy-
sis was restricted to high-risk patients according to standard
IPI (Fig. 3C). The use of NCCN-IPI instead of standard IPI

showed similar results (Fig. 3D-F).

DISCUSSION

In the present study, the baseline RI was independently
associated with inferior survival in patients with DLBCL

bloodresearch.or.kr
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Table 4. Univariate and multivariate analysis for event-free and overall survival.

Event-free survival

Overall survival

Parameters
HR (95% confidence interval) P HR (95% confidence interval) P
Univariate analysis
High-intermediate or high-risk by standard IPI 6.9 (3.8-12.6) <0.001 6.3 (3.3-12.0) <0.001
Age >60 yr 2.6 (1.5-4.7) 0.001 2.5 (1.4-4.7) 0.003
Elevated lactose dehydrogenase 4.3 (2.2-8.1) <0.001 3.6 (1.8-7.2) <0.001
Ann Arbor stage Il or IV 4.2 (2.2-8.0) <0.001 3.6 (1.8-7.2) <0.001
ECOG performance status =2 7.8 (4.5-13.8) <0.001 13.0 (6.6-25.0) <0.001
=2 extranodal sites 4.4 (2.6-7.7) <0.001 4.4 (2.4-8.0) <0.001
High-intermediate or high risk by NCCN-IPI 8.3 (4.3-16.2) <0.001 8.3 (4.0-17.3) <0.001
Presence of B symptom 3.3 (1.9-5.7) <0.001 3.4 (1.9-6.1) <0.001
Bone marrow involvement 4.8 (2.7-8.5) <0.001 5.2 (2.8-9.6) <0.001
Hemoglobin <10 g/dL 4.2 (2.4-7.3) <0.001 4.9 (2.7-8.9) <0.001
Bulky lesion 1.0 (0.5-1.9) 0.945 0.9 (0.5-1.9) 0.845
Non-germinal center B-cell type by Hans 1.6 (0.8-3.2) 0.165 1.4 (0.7-2.9) 0.376
Renal impairment 5.1 (2.8-9.5) <0.001 5.6 (2.9-11.0) <0.001
Multivariate analysis; IPI as separate 5 marker
Elevated lactate dehydrogenase 2.6 (1.3-5.3) 0.009 - -
ECOG performance status =2 3.7 (1.9-7.3) <0.001 9.6 (4.7-19.4) <0.001
Hemoglobin <10 g/dL 2.0 (1.1-3.7) 0.030 2.5 (1.3-4.7) 0.006
Renal impairment 2.8 (1.4-5.7) 0.003 2.3(1.1-4.7) 0.025
Multivariate analysis; with standard IPI as a single marker
Hemoglobin <10 g/dL 1.8 (1.0-3.4) 0.058 2.3 (1.1-4.5) 0.020
Renal impairment 3.6 (1.9-7.1) <0.001 4.1 (1.9-8.6) <0.001
High-intermediate or high-risk by standard IPI 5.6 (3.0-10.6) <0.001 5.1 (2.5-10.1) <0.001
Multivariate analysis; with NCCN-IPI as a single marker
Hemoglobin <10 g/dL 2.3(1.3-4.2) 0.004 2.8 (1.5-5.3) 0.002
Renal impairment 1.9 (1.0-3.5) 0.062 2.0(1.04.2) 0.050
High-intermediate or high-risk by NCCN-IPI 6.1 (3.0-12.3) <0.001 5.8 (2.7-12.7) <0.001

Abbreviations: HR, Hazard Ratio; IPI, International Prognostic Index; ECOG, Eastern Cooperative Oncology Group; NCCN, National Compre-

hensive Cancer Network.

treated with R-CHOP21. In combination with baseline he-
moglobin <10 g/dL, which we previously suggested as a
potential prognostic marker [13], RI enhanced prognostica-
tion among patients who were classified as high-risk accord-
ing to either the standard or the NCCN-IPL

Several large studies have already reported an association
between RI in either patients with pre-defined CKD or im-
paired renal function at baseline, and higher risk of cancer-re-
lated death [19-21]. Na and colleagues, who retrospectively
reviewed 8,223 cancer patients with at least one baseline
serum creatinine measurement, reported that CKD was asso-
ciated with an increased risk of cancer-related mortality
[adjusted hazard ratio, 1.12 for patients with 30 < GFR
<60 mL/min/1.73 m” (P=0.04) and 1.75 for those with GFR
<30 mL/min/1.73 m® (£<0.001)] [20]. Iff and colleagues
conducted a prospective population-based cohort study in
4,077 patients. In the analysis of 307 subjects with cancer-re-
lated death in the cohort, it was reported that each 10
mL/min/1.73 m’ decrease in the GFR was associated with
a 18% increase in cancer-related death, irrespective of the
age, gender, smoking status, blood pressure, and fasting blood
glucose level. They also reported that among the subjects
who were diagnosed with cancer after the initiation of the
study, the overall risk of mortality increased by at least
14% for each 10 mL/min/1.73 m’ decrease in the GFR [21].
However, because cancer-related death involves other con-

tributing factors, including smoking status, alcohol drinking,
diet, and environmental factors, such large-scale studies also
have limitations in that several confounding factors might
not be adequately reflected. In addition, each cancer has
its own specific risk factors and in some cases, a few specific
risk factors might be more predominant among the others.
For this reason, the actual impact of RI on cancer-related
mortality needs to be evaluated for every cancer type through
the integration of the already known prognostic or confound-
ing factors.

Considering the fact that the reported prevalence rate
for CKD stage =3 was 5.0% in Korea in 2006 [22], the
10.3% incidence rate of RI in this study is higher. The in-
cidence of RI is higher among cancer patients compared
to that of the normal population [3]. In the present study,
only 5 patients had pre-existing CKDs, comprising 2.7% of
the 185 analyzed patients, and 26.3% of the 19 patients
with RI. Excluding the 9 patients with pre-existing CKDs
or AKI, the causes of RI in the remaining 10 patients were
not defined. They might be previously undiagnosed CKD
patients or patients with AKI related to lymphoma. Because
8 of them were elderly patients, we assumed that age-related
GFR decline could be a major cause of their RI. By all ac-
counts, RI in patients with DLBCL can be considered in
three aspects: 1) CKD, 2) AKI, and 3) age-related impairment
of renal function.

Blood Res 2016;51:113-21.
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Fig. 3. Kaplan-Meier curves according to subgroups defined by either the standard International Prognostic Index (IPI) (A-C) or the National

Comprehensive Cancer Network-IPI (D-F).

CKD is defined by a GFR of <60 mL/min/1.73 m” and/or
kidney damage for at least 3 months [17]. CKD has many
adverse effects on the human body. As GFR declines, oxida-
tion products such as advanced glycation end products in-
crease via oxidative stress. They induce cytokine production
and monocyte activation, resulting in a pro-inflammatory
condition [23]. Inflammation causes sarcopenia and malnu-
trition, and alters the structure of the vascular endothelium
to favor atherogenesis [24]. Therefore, patients with CKD
are vulnerable to cardiovascular disease, muscle wasting, hor-
monal imbalance, anemia, and infection caused by impaired
immunity. In addition, there appears to be a relationship
between CKD and frailty, which cannot be fully explained
by inflammation, sarcopenia, anemia, and overt car-
diovascular disease, possibly caused by subclinical vascular
disease [25].

Some of the analyzed patients might have AKI caused
by lymphoma. For patients with lymphoma who did not
have CKD, the development of AKI might occur in several
ways [26]. First, anatomic factors such as obstruction caused

by compression, and the invasion or infiltration of the kidney
or the other components of the urinary system can cause
RI. Second, some patients with lymphoma have metabolic
abnormalities such as hypercalcemia caused by osteolytic
metastasis or the release of parathyroid hormone-related pep-
tide; or hyperuricemia with high tumor burden might cause
AKI. Because these conditions imply higher tumor burden,
AKI as well as CKD might have contributed towards inferior
survival.

In the present study, RI was strongly associated with age
>60 years (P=0.001) as well as age =70 years (P=0.001).
We expected this result because GFR steadily decreases with
age [27]. However, a notable finding is that in multivariate
analysis including five individual IPI factors, RI was an in-
dependent prognostic factor for OS whereas age >60 years
was not (Table 4). A similar trend was observed when we
included age =70 years or even age =75 years instead of
age >60 years (Data now shown). Based on these results,
we could cautiously assume that RI might have a role in
the indication of the biological age of patients with DLBCL.

bloodresearch.or.kr

Blood Res 2016;51:113-21.



120

Junshik Hong, et al.

It should be further evaluated in future studies.

In the present study, patients with RI underwent more
frequent initial dose reduction of cyclophosphamide and/or
Adriamycin compared to those without RI. Although we
did not calculate the dose intensity of the individual patients
for each drug, such frequent dose reductions could potentially
cause lower dose intensity and might contribute to the in-
ferior treatment outcomes. One might argue that RI did
not actually have a prognostic significance and appeared
to do so due to insufficient dose intensity. However, we
believe that the impact of lower dose intensity would be
limited, because the degree of initial dose reduction was
limited to <25%, and patients without RI underwent more
frequent dose reduction beyond the first cycle compared
to those with RI (38.1% vs. 23.5%), although statistically
insignificant. Dose reduction, which is very common in clin-
ical practice, is not solely decided according to renal function.
A poor performance status, frailty caused by old age or co-
morbidity, and several other factors might also affect the
decision.

The recently introduced NCCN-IPI refined categorization
of age and lactate dehydrogenase, and the identification of
disease involvement at specific extranodal lesions, resulted
in the better discrimination of low and high-risk DLBCL
patients treated with rituximab-containing immunoche-
motherapy compared to standard IPI [28]. The results of
the present study were consistent with that of the above-
mentioned study. Instead of dichotomizing the age at 60
years, the NCCN-IPI classified patients into 3 groups by
15-20-year increments of age, and indicated higher risk in
the group having patients with higher age (score 1 for patients
with age >40 years to <60 years, score 2 for those with
an age >60 years to <75 years, and score 3 for those with
age >75 years), because the effect of continuous age on
survival was linear [28]. Therefore, the gradual decline of
GFR is associated with aging.

The present study had several limitations. First, it is a
retrospective analysis including a modest number of patients.
We used a single measured value of serum creatinine and
estimated GFR accordingly. Therefore, it might not represent
the genuine kidney function for some patients. The
cell-of-origin is an IPI-independent prognostic biomarker
in patients with DLBCL. However, the difference of survival
between the germinal-center B-cell (GCB) and the non-GCB
subtypes could not be reproduced in the present study. It
might be explained by two reasons. One possibility is that
the small patient number made it impossible to show statisti-
cally significant difference of survival between the two
groups. In the present study, 23.2% of the patients lacked
immunohistochemical staining results for the Hans
classification. Second, as previously suggested, the Hans clas-
sification is a useful, but not an ideal surrogate of the genuine
cell-of-origin, which can be acquired by gene expression
profiling [29].

Despite its limitations, the present study adequately dem-
onstrated that RI could be a useful indicator for predicting
worse OS. To the best of our knowledge, only a few previous

studies have evaluated RI as a prognostic indicator in patients
with DLBCL. In addition, along with anemia, a subgroup
of very poor outcome patients was identified among the
high-intermediate or high-risk patients according to either
the standard IPI or the NCCN-IPI. Hemoglobin and serum
creatinine are markers that are easy to test at almost no
additional cost.

In conclusion, pre-treatment RI was an independent prog-
nostic marker for inferior OS in patients with DLBCL treated
with the R-CHOP21 therapy. In combination with a hemo-
globin of <10 g/dL, RI enhanced prognostication in patients
classified as higher-risk according to either the standard IPI
or the NCCN-IPI. This result should be validated in future
large-scale studies.
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