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Background

Although adding rituximab to the chemotherapy regimen of cyclophosphamide, vincris-
tine, doxorubicin, and prednisone (R-CHOP) has improved clinical outcomes of patients
with diffuse large B-cell lymphoma (DLBCL), several recent studies have shown that the
effect of rituximab is dominantly in the non-germinal center (non-GC) subtype compared
to the germinal center (GC) subtype. Natural killer (NK) cell count, a surrogate marker
of immune status, is associated with clinical outcomes in DLBCL patients in the rituximab
era. We investigated whether the impact of NK cells on clinical outcomes differed accord-
ing to the immunophenotype of DLBCL.

Methods
This study analyzed 72 DLBCL patients treated with R-CHOP between January 2010 and
January 2014.

Results

Low NK cell counts (< 100/uL) were associated with poor progression-free survival (PFS)
and overall survival (OS) compared to high NK cell counts. In multivariate analysis, low
NK cell count was an independent prognostic factor for PFS and OS. However, survival
did not significantly differ between the GC and non-GC subtypes. We examined the clin-
ical influence of NK cells according to the immunophenotype and found that low NK cell
counts were significantly associated with poor PFS and OS in non-GC cases, but not in
GC cases.

Conclusion

Low NK cell counts at diagnosis are associated with poor clinical outcomes in DLBCL pa-
tients treated with R-CHOP therapy. However, the impact is significant only in non-GC
subtype DLBCL, not in the GC subtype.
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INTRODUCTION doxorubicin, and prednisone (CHOP) [2, 3]. Recently, the

addition of rituximab to CHOP (R-CHOP) has markedly
improved the clinical outcomes of DLBCL patients compared

Diffuse large B-cell lymphoma (DLBCL) is a malignancy
of B-cells and is the most common subtype of non-Hodgkin
lymphoma (NHL) in adults. DLBCL is divided into a germinal
center (GC) subtype and a non-germinal center (non-GC)
subtype according to the immunophenotype [1]. It is known
that the GC subtype is associated with better outcomes than
the non-GC subtype in DLBCL patients treated with chemo-
therapeutic agents including cyclophosphamide, vincristine,

to those treated with CHOP alone [4, 5]. Because of this
finding, the R-CHOP regimen is now considered to be the
standard treatment for newly diagnosed DLBCL patients.
However, some studies have reported that rituximab was
effective only in the non-GC subtype but not in the GC
subtype. In fact, many studies have reported that there was
no difference in clinical outcomes between the GC and
non-GC subtypes in patients treated with R-CHOP. This

(@X@) This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
(@) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
p P! y P g properly



NK cell counts in DLBCL patients

163

indicates that the anti-tumor activity of rituximab is asso-
ciated with some factor of the non-GC subtype. Many hema-
tologists have been trying to identify such a factor. We
focused on peripheral natural killer (NK) cells because the
mechanism of rituximab is known to involve recruitment
of NK cells and malignant B-cell lysis via CD16. In 2007,
Plonquet er al [6] reported that the peripheral blood NK
cell count was associated with clinical outcomes of DLBCL
patients with age-adjusted International Prognostic Index
(aalIPI) scores of 2 or 3. Despite many reports on the inter-
actions between the immune system and lymphoma, NK
cell research is not very well established. The objective of
this study was to investigate whether NK cell counts are
associated with clinical outcomes in the rituximab era and
to determine whether the impact of NK cell count on survival
differs according to the DLBCL immunophenotype.

MATERIALS AND METHODS

Patients

We retrospectively analyzed 72 newly diagnosed DLBCL
patients. Patients were recruited from the Pusan National
University Hospital and treated with R-CHOP as a first-line
therapy between January 2010 and January 2014. Patients
were included if they were newly diagnosed with DLBCL
after histological analysis, and if data for immunohistochem-
ical staining and T/NK cell subset measures were available
at diagnosis. Exclusion criteria included previous receipt of
other treatments such as autologous stem cell transplantation,
chemotherapy with something other than R-CHOP, or

Table 1. Baseline characteristics of DLBCL patients.

Characteristic Value (%)
N 72
Age in years, median (range) 63 (23-77)
Gender ratio (male/female) 1.05 (37/35)
IPI factors
Stage I, IV 33 (45.8)
Elevated LDH 28 (38.9)
Age > 60 years 42 (58.3)
ECOG =2 12 (16.7)
Bulky disease 5(6.9)
B symptoms 23 (31.9)
Extranodal involvement =2 41 (56.9)
Immunophenotype
Germinal center type 34 (47.2
Non-germinal center type 38 (52.8
IPI score
Low IPI 56 (77.8
High IPI 16 (22.2
Specific cell count
NK cell count, median (range) 188 (34-1,500)
CD4 cell count, median (range) 542 (51-1,293)
CDB8 cell count, median (range) 354 (36-1,468)

Abbreviations: DLBCL, diffuse large B-cell lymphoma; ECOG,
Eastern Cooperative Oncology Group; IPI, International Progno-
stic Index; LDH, lactate dehydrogenase; NK, natural killer.

radiotherapy. Patients were also excluded if they were expe-
riencing conditions affecting their immune system, such as
human immunodeficiency virus infection or autoimmune
disease, or if they showed other evidence of infection at
diagnosis. The International Prognostic Index (IPI) includes
the stage, serum lactate dehydrogenase (LDH) level, Eastern
Cooperative Oncology Group (ECOG) performance status,
and the number of extranodal sites. Each patient was eval-
uated using this clinical tool for prognosis. All patients under-
went a staging investigation according to the Ann Arbor
staging system including accessible lymph nodal or extra-
nodal biopsy, computed tomography, and bone marrow aspi-
ration and biopsy. Furthermore, the presence of B symptoms
and bulky disease were investigated. We denoted high IPI
scores as IPI score >3. There were 16 patients (22.2%) with
high IPI scores and 56 patients (77.8%) with low IPI scores
(Table 1). A written statement of informed consent was
obtained from each patient.

Treatment course

All patients were scheduled to receive 6 to 8 cycles of
R-CHOP therapy. If a patient experienced a chemotherapy-
induced toxicity greater than grade 3, the doses of the CHOP
agents were reduced to 75%, but the dose of rituximab was
not reduced. Response was assessed every 3 cycles during
R-CHOP treatment and classified as complete response, parti-
al response, stable disease, and progressive disease according
to the International Workshop Criteria. In the case of relapse,
a second-line therapy was provided with etoposide, methyl-
prednisolone, cytarabine, and cisplatin (the ESHAP regi-
men).

Immunohistochemical staining

Sections from formalin-fixed paraffin blocks were trans-
ferred to poly-L-lysine-coated glass slides and air-dried over-
night at 37°C. Sections were then deparaffinized in xylene
(3 times), rehydrated in a graded series of decreasing ethanol
concentrations, and rinsed in Tris-buffered saline (pH 7.4).
Endogenous peroxidase activity was inactivated with 5%
hydrogen peroxide in methanol for 15 min at 37°C. Heat-in-
duced antigen retrieval was carried out for 45 min in Tris-eth-
ylenediaminetetraacetic acid buffer (pH 8) in a pressure cook-
er at 95°C for the following 4 antibodies: Bcl-6 (clone PG-
B6P, working dilution 1:40; Dako, Copenhagen, Denmark),
CD10 (clone 56C6, working dilution 1:200; Lab Vision Corp.,
Fremont, CA, USA), and MUM-1 (clone MUM1p, working
dilution 1:50; Dako, Copenhagen, Denmark). Next, the pri-
mary antibodies were incubated for 1 h at room temperature.
The antibody in an EnVision™ Chem™ Detection Kit (Dako,
Carpinteria, CA, USA) was used for the secondary antibody
at room temperature for 30 min; 3,3’-diaminobenzidine was
used as a chromogen, and then Mayer hematoxylin counter-
stain was applied. Immunohistochemical reactions were eval-
uated semiquantitatively by considering the percentage of
positive tumor cells in the neoplastic tissue. In agreement
with Hans er al [1, 8], the optimal cut-off value was consid-
ered to be 30% for CD10, Bcl-6, and MUM-1. The samples
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were analyzed independently by 2 pathologists, and disagree-
ments were resolved by a joint review after observing the
samples with a multi-head microscope. GC and non-GC sub-
types were determined based on CD10, Bcl-6, and MUM-1
staining according to an algorithm developed by Hans et
al [8]. The GC subtype was defined as CD10" or CD107/
Bcl-6/MUM-1". The non-GC subtype was defined as
CD107/Bcl-6 or CD107/Bcl-6'/MUM-1".

Peripheral NK cell count at diagnosis

Serum T/NK cell subsets (CD4" and CD8" T-cells, B-cells,
and NK cells) were counted for all patients at diagnosis.
Peripheral lymphocytes were stained with immuno-
fluorescent antibodies available from Beckman-Coulter and
subsequently analyzed by flow cytometry (Navios flow cy-
tometer; Beckman-Coulter, Brea, CA, USA). Lymphocytes
were gated according to high-CD45 fluorescence intensity
and low side scatter intensity; B cells were defined as CD19"
lymphocytes, CD4 T-cells were CD3'CD4" lymphocytes, CD8
T-cells were CD3'CD8" lymphocytes, and NK cells were
CD3'CD16" and/or CD56" lymphocytes [6]. Absolute NK cell
counts were collected and classified as being high and low
NK cell counts using a cut-off value of 100 cells/uL.

Statistical analysis

Chi-squared tests were used to assess differences in clinical
outcomes according to prognostic factors. Progression-free
survival (PFS) was calculated from the date of diagnosis
to the date of relapse. Overall survival (OS) was calculated
from the date of diagnosis until death from any cause or
the latest date known to be alive. PFS and OS were estimated
using the Kaplan-Meier method. Statistical data processing
was performed using SPSS software, version 18.0 (SPSS Inc.,

Chicago, IL, USA). P values <0.05 were considered statisti-
cally significant.

RESULTS

Patient characteristics

This study included 72 patients treated with R-CHOP
as a first-line therapy between January 2010 and January
2014. The median age was 63 years (range, 23-77 years),
and 42 patients (58.3%) were >60 years. The male-to-female
ratio was 1.05 (37 males, 35 females). Five patients received
radiotherapy after R-CHOP, and the amount of absorbed
radiation was 45 to 50 Gy. Thirty-three patients had advanced
stage disease (stages III and IV), and 28 patients had elevated
LDH levels. In addition, 12 patients had a poor performance
status (ECOG 3 or 4), and 23 patients had a B symptom
at diagnosis. Only 5 patients had bulky disease, and 41 pa-
tients had extranodal involvement at more than 2 sites, in-
cluding the stomach, bowel tract, lungs, and liver. There
were 34 cases of GC subtype disease and 38 cases of non-GC
subtype disease (47.2% vs. 52.8%, respectively). Different
cut-off levels were analyzed using a log-rank test to examine
values between the 25% and 75% quartiles. This analysis
determined that setting the cut-off point at 1.0x10° NK cells/L
yielded the highest difference in OS and PFS. Thus, this
cut-off level was used for statistical analysis. The median
NK cell count was 188 cells/uL (range, 3-1,500 cells/uL).
The baseline characteristics of the patients are described
in Table 1. With a cut-off value of 100 NK cells/uL, 20
patients had a low NK cell count, while the other 52 patients
had a high NK cell count at diagnosis. Among the 20 patients
with low NK cell counts, 8 patients had GC subtype DLBCL

Table 2. Comparison of patients according to immunophenotype and NK cell count.

GC type (N=34)

Non-GC type (N=38)

P
Low NK (N=8) High NK (N=26) Low NK (N=12) High NK (N=26)
Age in years, median (range) 59 (23-70) 68.5 (26-74) 59 (23-77) 62 (42-75) 0.390
Gender, male/female 3/5 16/10 3/8 15/12 0.217
Disease status, no. (%)
Stage Ill or IV 5(6.9) 8 (11.1) 5(6.9) 15 (20.8) 0.230
Elevated LDH 4 (5.5) 8 (11.1) 4 (5.5) 12 (16.7) 0.678
Age >60 years 4 (5.5) 17 (23.6) 5(6.9) 16 (16.7) 0.677
ECOG =2 1(1.4) 1(1.4) 4 (5.5) 6 (8.3) 0.076
Bulky disease 1(1.4) 0 (0) 2 (2.8) 2 (2.8) 0.214
B symptoms 3(4.2) 20 (27.8) 5(6.9) 21 (29.2) 0.043
Final response, no (%)
Complete response 6 (8.3) 22 (30.6) 8 (11.1) 22 (30.6) 0.215
Partial response 2(2.8) 3(4.2) 3(4.2) 3(4.2) 0.325
Stable disease 0 (0) 1(1.4) 1(1.4) 1(1.4) 0.098
Progressive disease 0 (0) 0 (0) 0 (0) 0 (0) 0.418
IPI score
0-2 5(6.9) 23 (31.9) 8 (11.1) 20 (27.8) 0.254
3-5 3(4.2) 3(4.2) 4 (5.5) 6 (8.3)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; GC, germinal center; IPI, International Prognostic Index; LDH, lactate

dehydrogenase; NK, natural killer.
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and 12 patients had non-GC subtype DLBCL. Alternatively,
among the 52 patients with high NK cell counts, 26 patients
had GC subtype DLBCL and 26 patients had non-GC subtype
DLBCL (Table 2). Several prognostic factors were compared
among the 4 subgroups formed based on the immuno-
phenotype and NK cell count (GC subtype with high NK,
GC subtype with low NK, non-GC subtype with high NK,
and non-GC subtype with low NK). The only significant
difference observed among the 4 subgroups was in B symp-
toms (Table 2). The baseline characteristics were well
balanced.

The overall response rate (ORR) was 95.8% (69 of 72
patients) with a CR rate of 80.5% (58 of 72 patients) and
a PR rate of 15.2% (11 of 72 patients). There was no significant
difference in ORR (CR+PR) when the groups with different
immunophenotypes were compared (97% in GC type vs.
95% in non-GC type). Additionally, there was no significant
difference in ORR between low NK cell and high NK cell
groups (95% in low NK vs. 96% in high NK). The NK cell
count did not influence treatment response, as measured
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by ORR, in each subtype. Most patients achieved a good
response after R-CHOP regardless of their immunopheno-
type and NK cell count. However, there was no statistical
difference (Table 2).

Clinical outcomes according to the immunophenotype and
NK cell count

We analyzed clinical outcomes according to immuno-
phenotype. Although the non-GC subtype showed a trend
toward poor PFS and OS, there was no significant difference
between the 2 subgroups (Fig. 1A and 1B). However, analysis
of outcomes according to NK cell count revealed a significant
difference between the 2 subgroups (Fig. 1C and 1D). Low
NK cell count was associated with poor PFS and OS (£<0.001
and P=0.003, respectively). We also investigated the impact
of NK cells on survival according to immunophenotype. In
GC subtype patients, there was no significant difference in
outcomes between patients with high NK cell counts and
low NK cell counts. However, in non-GC subtype patients,
low NK cell counts were associated with poor PFS and OS
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Fig. 1. Comparison of clinical outcomes according to immunohistochemical staining for germinal center (GC) versus non-GC subtype (A, B) or
natural killer (NK) cell counts in the entire population with diffuse large B-cell lymphoma (C, D).
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Fig. 2. Comparison of clinical outcomes according to natural killer (NK) cell counts in germinal center (GC) type (A, B) or non-GC type (C, D).

Table 3. Univariate analysis for prognostic factors in DLBCL patients.

Progression-free survival Overall survival
Prognostic factor
HR (95% Cl) P HR (95% CI) P
High IPI 4.30 (1.46-9.51) 0.002 2.60 (0.96-3.86) 0.049
Low NK cell count (<100/uL) 6.03 (1.79-13.55) <0.001 3.75(1.32-7.72) 0.005
GC type 0.423 (0.86-2.68) 0.102 0.59 (0.52-1.10) 0.295
Bulky mass =10 cm 2.54 (0.93-1.53) 0.216 3.77 (1.33-4.17) 0.041

Abbreviations: Cl, confidence interval; DLBCL, diffuse large B-cell lymphoma; GC, germinal center; HR, hazard ratio; IPI, International
Prognostic Index; NK, natural killer.

Table 4. Multivariate analysis for prognostic factors in DLBCL patients.

Progression-free survival Overall survival
Prognostic factors
HR (95% CI) P HR (95% ClI) P
High IP1 3.30 (1.19-6.20) 0.013 1.95 (0.67-1.78) 0.182
Low NK cell count (<100/uL) 5.00 (1.61-10.56) 0.001 3.26 (1.18-5.81) 0.016

Abbreviations: Cl, confidence interval; DLBCL, diffuse large B-cell lymphoma; HR, hazard ratio; IPl, International Prognostic Index; NK, natural
killer.
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(P<0.001 and P=0.004, respectively) (Fig. 2C and 2D).

Univariate and multivariate analyses for prognostic factors in
patients with DLBCL

Univariate analysis revealed that individuals with high
IPI scores (IPI score =3) and low NK cell counts had lower
PFS (high IPI score: hazard ratio [HR]=4.30, P=0.002; low
NK cell count: HR=6.03, £<0.001) and OS (high IPI score:
HR=2.60, P=0.049; low NK cell count: HR=3.75, P=0.005)
(Table 3). Multivariate analysis revealed that patients with
low NK cell counts had lower PFS (HR=5.0, P=0.001) and
OS (HR=3.26, P=0.016), independent of IPI score (Table
4).

DISCUSSION

DLBCL is a malignancy of B-cells, a type of white blood
cell responsible for producing antibodies, and is the most
common subtype of NHL in adults [7]. The subtypes of
DLBCL are defined by means of gene expression profiling
[8]. The worldwide incidence of NHL is rising. The annual
incidence of NHL is estimated to be 15 to 20 cases per
100,000 individuals in Europe and the USA [9], and DLBCL
accounts for approximately 31% of all NHL in Western coun-
tries [10]. The etiology of DLBCL remains unknown. In
the 2008 World Health Organization (WHO) Classification
of Tumors of the Hematopoietic and Lymphoid Tissues,
DLBCL categories are described based on morphological,
immunohistochemical, and molecular patterns [11]. In this
classification, DLBCL is dichotomized into 2 subgroups based
on immunohistochemical analysis: GC B-cell-like and
non-GC B-cell-like. Although DLBCL has a poor prognosis,
with a median survival of <1 year in untreated patients
[12], patients can be cured with combination chemotherapy
such as CHOP, which has been the mainstay of therapy
for several decades. Because DLBCL is biologically heteroge-
neous, a number of studies have suggested that novel combi-
nations of chemotherapy or immunotherapy may improve
survival. The addition of rituximab, an anti-CD20 mono-
clonal antibody, to CHOP chemotherapy led to markedly
improved outcomes compared to CHOP alone [4, 5]. R-CHOP
has now become the first-line standard treatment for DLBCL.
Prognostic factors for DLBCL include factors related to the
patient, the tumor itself, aggressiveness indicators, and the
therapeutic strategy. The IPI and aalPI have been widely
used as models for predicting outcomes based on clinical
factors. However, the prognosis of patients with DLBCL var-
ies depending on their biological parameters; this is especially
true in the rituximab era. Molecular signatures identified
through gene expression profiling can provide further in-
formation about disease prognosis, and this could become
the foundation for novel therapeutic targets and agents for
DLBCL.

We investigated the therapeutic outcomes in patients with
GC versus non-GC subtype DLBCL treated with R-CHOP.
The GC and non-GC subtypes were defined according to

the Hans algorithm [8]. In this study, the PFS and OS were
not significantly different between the 2 subtypes. These
results are similar to previous studies that found that the
Hans algorithm did not have prognostic value in patients
with DLBCL treated with R-CHOP [13]. Recent studies
showed that a low absolute leukocyte count (ALC), which
is a surrogate marker of host immune status, at diagnosis
was associated with poor outcomes in DLBCL patients treated
with CHOP or R-CHOP [14-16]. This indicates that ALC
at diagnosis might affect clinical outcome. However, another
study showed conflicting results; low NK cell count, but
not ALC, was a negative prognostic marker for event-free
survival [6]. In the current study, we focused on NK cells
based on the relationship between their molecular properties
and the mechanism of rituximab. We compared therapeutic
outcomes according to the peripheral NK cell count at diag-
nosis in DLBCL patients treated with R-CHOP. Our results
showed that a low NK cell count was associated with poor
PFS and OS in DLBCL patients who received R-CHOP
therapy. We suggest that this may be due to the mechanism
of rituximab in malignant lymphoma. Rituximab is known
to have anti-tumor activity through 4 signaling pathways:
antibody-dependent cell-mediated cytotoxicity (ADCC),
complement-dependent cytotoxicity, direct signaling trig-
gering apoptosis, and increased sensitivity to chemotherapy
[17]. Among these pathways, the ADCC signaling pathway
predominantly affects anti-tumor activity. In this signaling
pathway, rituximab recruits NK cells towards malignant B
cells via CD16, and the NK cells subsequently kill the malig-
nant cells [18]. Therefore, it is easily assumed that higher
NK cell counts are associated with rituximab-induced
cytotoxicity. Additionally, we investigated whether there
was a correlation between NK cell count and rituximab-in-
duced cytotoxicity. The present study demonstrated that low
NK cell counts were associated with poor outcomes only
in non-GC subtype DLBCL. Our data shows that, in the
rituximab era, the absolute number of NK cells is influential
in the non-GC subtype, but not in the GC subtype. Previous
studies have seen similar results [19, 20]. We propose that
these results might be associated with the mechanism of
rituximab. Rituximab presumably acts by inhibiting the ac-
tivity of inhibitor of kB kinase, leading to consequent down-
regulation of nuclear factor kB (NF-kB), a protein that in-
creases cancer cell resistance to apoptosis [21]. Rituximab
leads to increased sensitivity to chemotherapy through this
mechanism. In addition, the NF-«kB levels are lower in the
GC subtype compared to the non-GC subtype. Therefore,
it makes sense theoretically that higher NK cell counts and
rituximab-induced cytotoxicity are more associated with the
non-GC subtype.

There are some limitations in the present study. The first
limitation is its retrospective nature and small sample size.
Only 72 patients were analyzed in the present study, and
this population included only 38 cases of non-GC DLBCL
for the study of statistical associations with outcomes. The
sample size was small because the NK/T cell subset laboratory
tests were not performed in all DLBCL patients treated with
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R-CHOP. Further large-scale prospective studies are neces-
sary to strengthen our conclusions.

A second limitation is that the DLBCL subtypes were
determined only according to the Hans algorithm using brief
immunohistochemical staining. Though the Hans algorithm
is very convenient and simple, it has come to be controversial
in recent years. New technologies, such as gene expression
profiling, RNA interference screening, and DNA sequencing,
are being studied for their ability to identify subtypes of
DLBCL [22]. Unfortunately, molecular techniques were not
applied to define the subtypes of DLBCL in our study. More
precise classification methods are necessary in future
research.

A third limitation is that most of patients with high NK
cell counts (83%) had low IPI scores, and most patients
with low NK cell counts (65%) had high IPI scores. IPI
scores could have impacted the clinical finding that low
NK cell count was associated with poor PFS and OS in this
study. However, Plonquet er al [6] reported that peripheral
blood NK cell counts were associated with clinical outcomes.
Moreover, the mechanism of rituximab in the field of molec-
ular biology supports that fact that NK cell count was asso-
ciated with clinical outcomes [18]. Therefore, our data sug-
gests that NK cell count was a significant prognostic factor
in the rituximab era. However, in future studies, IPI scores
should be balanced in each NK cell count group.

In conclusion, we found that low NK cell counts at diag-
nosis were associated with poor outcomes in patients with
non-GC subtype DLBCL treated with R-CHOP. Therefore,
the peripheral NK cell count before R-CHOP might be a
significant prognostic factor in patients with non-GC subtype
DLBCL. Furthermore, this could become the foundation for
development of new therapeutic agents targeting the activa-
tion of NK cells. A future well-designed prospective study
is necessary to further explore these possibilities.
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