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A B S T R A C T

Background: Neutrophil-to-lymphocyte ratio (NLR) has been recognized as a poor prognostic indicator in various
solid tumors.
Methods: We retrospectively analyzed 530 patients with de novo DLBCL who were diagnosed from April 2002 to
November 2017.
Results: The median age of patients was 69 (range, 20–95) years, and 59% were male. The optimal cutoff for NLR
was 5.2. NLR (5.2) was not associated with overall and progression free survival.
Conclusion: Our study failed to reveal the predictive value of NLR and demonstrated that the NCCN-IPI might be
the most powerful predictor in DLBCL.

1. Introduction

Diffuse large B cell lymphoma (DLBCL) is the most common subtype
of non-Hodgkin lymphoma (NHL). Approximately 60%–70% of newly
diagnosed DLBCL patients are curable by rituximab [1]. Before the
advent of rituximab, the international prognostic index (IPI) was the
most powerful prognostic scale. However, its power has reduced [2]
and it has been replaced with the National Comprehensive Cancer
Network - International Prognostic Index (NCCN-IPI). Zhou et al. de-
veloped the NCCN-IPI to predict survival following rituximab treatment
more accurately than the older IPI system [3]. However, some reports
described results showing that the NCCN-IPI failed to accurately predict
outcomes for elderly patients [4,5]. Thus, the predictive value of this
scale is not sufficient.

Recently, neutrophil-to-lymphocyte ratio (NLR) has been re-
cognized as a poor prognostic indicator in various solid tumors. NLR,
calculated as the absolute neutrophil count (ANC) divided by the ab-
solute lymphocyte count (ALC) within peripheral blood, has been
shown to be correlated with prognosis in various malignancies [6–10].

NLR has been evaluated in DLBCL and appears prognostic in these
patient populations [11–20]. Although reports that used NLR have since
been published from various geographic regions, whether these results
can be extrapolated to different ethnic populations is unclear. To date,
there has been no large-scale report to evaluate this scale in Japan.

The purpose of the present study was to analyze whether NLR is
associated with the outcome of patients with DLBCL.

2. Patients and methods

2.1. Patients

This retrospective analysis was conducted in two hematology cen-
ters, Kansai Medical University Hospital and Kansai Medical University
Medical Center. A total of 530 patients diagnosed with DLBCL from
April 2002 to November 2017 were enrolled in this study. Primary
treatment included R-CHOP or R-CHOP-like regimens.

2.2. Statistics

Overall survival (OS) was calculated as the time from diagnosis until
the time of death or the last clinical follow-up. Progression free survival
(PFS) was defined as the time from diagnosis to the objective progres-
sion of disease. Survival curves were generated using the Kaplan–Meier
method, and differences were evaluated using the log-rank test.
Univariate and multivariate logistic regression were used to determine
whether baseline characteristics were associated with outcome. We
categorized two groups with a cut-off value of 5.2 according to the
interquartile range (IQR). All statistical tests were two-sided, statistical
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significance was defined as P < 0.05, and 95% confidence intervals
(CIs) were calculated. All statistical analyses were performed using EZR
(Saitama Medical Center, Jichi Medical University, Saitama, Japan),
which is a graphical user interface for R version 2.13.0 (The R
Foundation). Specifically, EZR is a modified version of R Commander
(version 1.6–3) that adds statistical functions frequently used in bios-
tatistics [21].

This study was conducted in accordance with the ethical principles
of the Declaration of Helsinki and was approved by the Institutional
Review Boards of Kansai Medical University.

3. Results

3.1. Patient characteristics

The clinical characteristics of the 530 patients (median age, 69
years; range, 20–98 years; 59% male) included in this study are shown
in Table 1. A performance status (PS) of >3 was observed in 2% of
patients, elevated lactate dehydrogenase (LDH) levels occurred in 54%,
and B symptoms were detected in 15%. Bulky tumors were noted in 7%
of patients, bone marrow involvement occurred in 10%, and extranodal
sites≥2 were observed in 55%. Tumor stage I was seen in 23% of pa-
tients, stage II in 18%, stage III in 18%, and stage IV in 41%. The IPI
classified 31% of patients as being at low risk, 24% as low-intermediate
(LI), 22% as high-intermediate (HI), and 23% as high risk. In compar-
ison, the NCCN-IPI classified 9% of patients as being at low risk, 48% as
LI, 42% as HI, and 1% as high risk. The median follow-up period was
35.8 months (range, 0.2–158.5 months).

The median NLR was 3.3 (IQR, 2.0–5.2); based on the IQR, patients
were divided in four categories (category 1, 0–1.9; category 2, 2.0–3.1;
category 3, 3.2–5.1; category 4, 5.2 or higher). Patients with a NLR of
5.2 or higher were more likely to have a positive correlation with poor
outcome (data not shown).

3.2. Survival according to NLR

The median OS of the patients with an NLR of ≤5.2 was 152.9
months, whereas, an NLR of >5.2 was not reached (P=0.066)

(Fig. 1a). The median PFS of the patients with an NLR of≤5.2 was 75.2
months, whereas, an NLR of >5.2 was 59.4 months (P=0.088)
(Fig. 1b).

3.3. Prognostic factors

Univariate analysis was performed to identify risk factors associated
with survival. Age over 70 years, male sex, PS ≥3, stage ≥3, elevated
LDH, presence of B symptoms, extranodal sites≥2, and NLR≤5.2 were
analyzed (Table 2). Age, PS ≥3, stage ≥3, and elevated LDH remained
as significant factors affecting survival in multivariate analysis, whereas
other factors were eliminated by backward stepwise selection.

4. Discussion

Previous reports have suggested that NLR is associated with worse
survival in DLBCL [11–20]. A meta-analysis that combined nine studies
including over 2000 patients was recently published [19]. The results
showed that NLR was correlated with poor OS as well as worse PFS. In
the study, seven studies were from Asian countries except Japan. Thus,

Table 1
Patients’ characteristics.

No. of patients(n) 530

Median age, range(y/o) 69(20–98)
Male sex(%) 314(59%)
PS ≥ 3 12(2%)
elevated LDH 287(54%)
B symptom(%) 78(15%)
bulky mass 35(7%)
BM involvement 54(10%)
extranodal sites≥2 290(55%)
stage(n)

I 126(23%)
II 93(18%)
III 93(18%)
IV 218(41%)

IPI(%)
low 162(31%)
low-int 128(24%)
high-int 117(22%)
high 123(23%)

NCCN-IPI(%)
low 49(9%)
low-int 250(48%)
high-int 224(42%)
high 7(1%)

PS: performance status.
LDH: lactate dehydrogenase.
BM: bone marrow.

Fig. 1. Survival according to NLR. (a) Overall survival. (b) Progression free
survival.
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the true value of NLR in Japanese DLBCL patients is not clear.
Our study failed to reveal statistical differences in both OS and PFS.

However, patients with an NLR of ≤5.2 tended to show a better
prognosis for both OS and PFS. We assumed the cut-off value might
affect the results. In previous studies, cut-offs were uniform and sepa-
rated in each study, but the methods cut-off selection remained unclear.
Thus, we needed to verify the adaptive cut-off value by prospective
studies.

NLR is an easy-to-measure tool but the precise mechanism that
explains the poor prognosis of cancer patients who have high blood
NLRs has not been clearly elucidated.

Lymphocytes have a crucial role in innate cellular immunity and are
important in destroying residual malignant cells [22]. It is widely be-
lieved that tumor-infiltrating lymphocytes (TILs) are associated with
better clinical outcomes in cancer [23]. On the contrary, neutrophils
might reflect the presence of tumor-associated macrophages and cir-
culating monocytes, which contribute to host antitumor immunity and
promote tumor angiogenesis [24,25]. From our hypothesis, NLR might
be a good index that reflects the balance between inflammation and
immunoreaction in cancer. However, lymphoma is a cancer of lym-
phocytes whereupon host innate immunity has been destroyed, and TIL
number might be decreased in lymphoma patients. Thus, we assumed
that it might be difficult for NLR to reflect the outcome of lymphoid
malignancies.

Although we tried to identify another predictive scale besides the
NCCN-IPI, our study revealed that the NCCN-IPI has the most powerful
predictive value. In multivariate analysis, age, PS ≥3, stage ≥3, and
elevated LDH, which are included in the NCCN-IPI, remained as sig-
nificant factors affecting survival.

This study had some limitations, including its retrospective design
and the inclusion of only two study sites. Furthermore, no genetic
analysis using techniques such as fluorescence in situ hybridization
(FISH) and immunostaining was performed. Genetic analysis is carried
out in clinical settings, and its relevance to prognosis has been estab-
lished. However, FISH is not covered by insurance in Japan, and there
are disparities in the immunostaining results between facilities. Thus,
these evaluations are not routinely performed in clinical practice in
Japan. As we described above, the cut-off value of NLR is unknown. In
this study, we use the IQR obtained in a prior cohort study [20].
However, the methods of selecting NLR cutoffs remain unclear.

In conclusion, we failed to demonstrate the predictive value of NLR
and revealed that the NCCN-IPI might be the most powerful predictor of
DLBCL following rituximab treatment. A prospective study is required
to evaluate NLR in lymphoid malignancies.

CRediT authorship contribution statement

Yoshiko Azuma: Conceptualization, Data curation, Formal ana-
lysis, Writing - original draft, Writing - review & editing. Aya Nakaya:
Conceptualization, Data curation, Formal analysis, Writing - original
draft, Writing - review & editing. Shinya Fujita: Conceptualization,
Data curation, Formal analysis. Atsushi Satake: Conceptualization,
Data curation, Formal analysis. Takahisa Nakanishi:
Conceptualization, Data curation, Formal analysis. Yukie Tsubokura:
Conceptualization, Data curation, Formal analysis. Ryo Saito:
Conceptualization, Data curation, Formal analysis. Akiko Konishi:
Conceptualization, Data curation, Formal analysis. Masaaki Hotta:
Conceptualization, Data curation, Formal analysis. Hideaki
Yoshimura: Conceptualization, Data curation, Formal analysis.
Kazuyoshi Ishii: Conceptualization, Data curation, Formal analysis.
Tomoki Ito: Conceptualization, Data curation, Formal analysis.
Shosaku Nomura: Writing - original draft, Writing - review & editing.

Declaration of Competing Interest

The authors declare no competing financial interest in relation to
the work.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.lrr.2019.100173.

References

[1] J.W Friedberg, Relapsed/refractory diffuse large B-cell lymphoma, Hematol. Am.
Soc. Hematol. Educ. Program 2011 (2011) 498–505, https://doi.org/10.1182/
asheducation-2011.1.498.

[2] M. Ziepert, D. Hasenclever, E. Kuhnt, B. Glass, N. Schmitz, M. Pfreundschuh, et al.,
Standard International prognostic index remains a valid predictor of outcome for
patients with aggressive CD20+ B-cell lymphoma in the rituximab era, J. Clin.
Oncol. 28 (14) (2010) 2373–2380, https://doi.org/10.1200/JCO.2009.26.2493
Epub 2010 Apr 12.

[3] Z. Zhou, L.H. Sehn, A.W. Rademaker, L.I. Gordon, A.S. Lacasce, A. Crosby-
Thompson, et al., An enhanced International Prognostic Index (NCCN-IPI) for pa-
tients with diffuse large B-cell lymphoma treated in the rituximab era, Blood 123
(6) (2014) 837–842.

[4] T. Melchardt, K. Troppan, L. Weiss, C. Hufnagl, D. Neureiter, W. Tränkenschuh,
et al., A modified scoring of the NCCN-IPI is more accurate in the elderly and is
improved by albumin and β2 -microglobulin, Br. J .Haematol. 168 (2) (2015)
239–245.

[5] A. Yamada, H. Tamura, T. Asayama, K. Moriya, N. Okuyama, A. Kondo-Onodera,
et al., Evaluation of the enhanced International Prognostic Index (NCCN-IPI) for
cases with diffuse large B-cell lymphoma. [Article in Japanese], Rinsho Ketsueki 56
(7) (2015) 915–918.

[6] A.J. Templeton, M.G. McNamara, B. Šeruga, et al., Prognostic role of neutrophil-to-
lymphocyte ratio in solid tumors: a systematic review and meta-analysis, J. Natl.
Cancer Inst. 106 (2014), https://doi.org/10.1093/jnci/dju124 dju124Print 2014
Jun.

[7] G. Luo, M. Guo, Z. Liu, et al., Blood neutrophil-lymphocyte ratio predicts survival in
patients with advanced pancreatic cancer treated with chemotherapy, Ann. Surg.
Oncol. 22 (2015) 670–676.

[8] H. Noh, M. Eomm, A. Han, Usefulness of pretreatment neutrophil to lymphocyte
ratio in predicting disease-specific survival in breast cancer patients, J. Breast
Cancer 16 (2013) 55–59.

[9] O. Dalpiaz, G.C. Ehrlich, S. Mannweiler, et al., Validation of pretreatment neu-
trophil-lymphocyte ratio as a prognostic factor in a European cohort of patients
with upper tract urothelial carcinoma, BJU Int. 114 (2014) 334–339.

[10] A. Nakaya, T. Kurata, H. Yoshioka, Y. Takeyasu, M. Niki, K. Kibata, et al.,
Neutrophil-to-lymphocyte ratio as an early marker of outcomes in patients with
advanced non-small-cell lung cancer treated with nivolumab, Int. J. Clin. Oncol. 23
(August (4)) (2018) 634–640, https://doi.org/10.1007/s10147-018-1250-2 Epub
2018 Feb 13.

[11] L.F. Porrata, K. Ristow, T. Habermann, D.J. Inwards, I.N. Micallef, S.N. Markovic,
Predicting survival for diffuse large B-cell lymphoma patients using baseline neu-
trophil/lymphocyte ratio, Am. J. Hematol. 85 (November (11)) (2010) 896–899,
https://doi.org/10.1002/ajh.21849.

[12] T. Melchardt, K. Troppan, L. Weiss, C. Hufnagl, D. Neureiter, W. Tränkenschuh,
et al., Independent prognostic value of serum markers in diffuse large B-cell lym-
phoma in the era of the NCCN-IPI, J. Natl. Compr. Canc. Netw. 13 (December (12))
(2015) 1501–1508.

Table 2
Univariate and multivariate analysis.

Variables Hazard ratio 95%CI p

Univariate analysis
Age ≥ 70 1.63 1.19−2.25 0.002
Male 1.15 0.83−1.59 0.405
PS ≥ 3 12.9 7.01−23.74 2.22E−16
stage ≥ 3 2.11 1.48−3.01 3.58E−05
elevated LDH 2.07 1.48−2.89 2.00E−05
B symptoms 1.98 1.35−2.91 5.21E−04
extranodal sites ≥ 2 1.88 1.34−2.62 2.28E−04
NLR ≤ 5.2 1.38 0.98–1.94 6.73E−02

Multivariate analysis
Age ≥ 70 1.49 1.07–2.07 1.74E−02
PS ≥ 3 8.22 4.36–15.47 6.90E−11
stage ≥ 3 1.73 1.20–2.50 3.63E−03
elevated LDH 1.74 1.24–2.46 1.57E−03

PS: performance status.
LDH: lactate dehydrogenase.
NLR: neutrophil-to-lymphocyte ratio.

Y. Azuma, et al. Leukemia Research Reports 12 (2019) 100173

3

https://doi.org/10.1016/j.lrr.2019.100173
https://doi.org/10.1182/asheducation-2011.1.498
https://doi.org/10.1182/asheducation-2011.1.498
https://doi.org/10.1200/JCO.2009.26.2493
https://doi.org/10.1200/JCO.2009.26.2493
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0003
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0003
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0003
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0003
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0004
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0004
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0004
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0004
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0005
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0005
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0005
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0005
https://doi.org/10.1093/jnci/dju124
https://doi.org/10.1093/jnci/dju124
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0007
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0007
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0007
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0008
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0008
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0008
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0009
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0009
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0009
https://doi.org/10.1007/s10147-018-1250-2
https://doi.org/10.1007/s10147-018-1250-2
https://doi.org/10.1002/ajh.21849
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0012
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0012
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0012
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0012


[13] C.L. Ho, C.S. Lu, J.H. Chen, Y.G. Chen, T.C. Huang, Y.Y. Wu, Neutrophil/lympho-
cyte ratio, lymphocyte/monocyte ratio, and absolute lymphocyte count/absolute
monocyte count prognostic score in diffuse large b-cell lymphoma: useful prog-
nostic tools in the rituximab era, Medicine (Baltimore) 94 (June (24)) (2015) e993,
https://doi.org/10.1097/MD.0000000000000993.

[14] B. Keam, H. Ha, T.M. Kim, Y.K. Jeon, S.H. Lee, D.W. Kim, et al., Neutrophil to
lymphocyte ratio improves prognostic prediction of International Prognostic Index
for patients with diffuse large B-cell lymphoma treated with rituximab, cyclopho-
sphamide, doxorubicin, vincristine and prednisone, Leuk. Lymphoma 56 (July (7))
(2015) 2032–2038, https://doi.org/10.3109/10428194.2014.982642 Epub 2015
Jan 21.

[15] J.Y. Hong, K.J. Ryu, J.Y. Lee, C. Park, Y.H. Ko, W.S. Kim, et al., Serum level of
CXCL10 is associated with inflammatory prognostic biomarkers in patients with
diffuse large B-cell lymphoma, Hematol. Oncol. 35 (December (4)) (2017) 480–486,
https://doi.org/10.1002/hon.2374 Epub 2016 Dec 12.

[16] J. Wang, M. Zhou, J.Y. Xu, Y.G. Yang, Q.G. Zhang, R.F. Zhou, B. Chen, J. Ouyang,
Prognostic role of pretreatment neutrophil-lymphocyte ratio in patients with diffuse
large B-cell lymphoma treated with RCHOP, Medicine (Baltimore) 95 (September
(38)) (2016) e4893, https://doi.org/10.1097/MD.0000000000004893.

[17] J. Wang, K. Gao, W. Lei, L. Dong, Q. Xuan, M. Feng, et al., Lymphocyte-to-monocyte
ratio is associated with prognosis of diffuse large B-cell lymphoma: correlation with
CD163 positive M2 type tumor-associated macrophages, not PD-1 positive tumor-
infiltrating lymphocytes, Oncotarget 8 (January (3)) (2017) 5414–5425, https://
doi.org/10.18632/oncotarget.14289.

[18] J. Ni, Y.Q. Wang, Y.P. Zhang, W. Wu, Q.S. Zeng, M.Z. Yang, R.X. Xia, Value of
neutrophil/lymphocyte ratio and platelet/lymphocyte ratio for prognostic

evaluation of diffuse large B-cell lymphoma, Zhongguo Shi Yan Xue Ye Xue Za Zhi.
24 (2) (2016) 427–432, https://doi.org/10.7534/j.issn.1009-2137.2016.02.022.

[19] J. Wang, X. Zhou, Y. Liu, Z. Li, X. Li, Prognostic significance of neutrophil-to-
lymphocyte ratio in diffuse large B-cell lymphoma: a meta-analysis, PLoS One 12
(April (4)) (2017) e0176008, , https://doi.org/10.1371/journal.pone.0176008
eCollection 2017.

[20] B.E. Beltrán, S. Paredes, E. Cotrina, E.M. Sotomayor, J.J. Castillo, The impact of the
neutrophil:lymphocyte ratio in response and survival of patients with de novo
diffuse large B-cell lymphoma, Leuk. Res. 67 (April) (2018) 82–85, https://doi.org/
10.1016/j.leukres.2018.02.011 Epub 2018 Feb 19.

[21] Y. Kanda, Investigation of the freely available easy-to-use software 'EZR' for medical
statistics, Bone Marrow Transpl. 48 (3) (2013) 452–458, https://doi.org/10.1038/
bmt.2012.244 Epub 2012 Dec 3.

[22] K.M. Sarraf, E. Belcher, E. Raevsky, et al., Neutrophil/lymphocyte ratio and its
association with survival after complete resection in non-small cell lung cancer, J.
Thorac. Cardiovasc. Surg. 137 (2009) 425–428.

[23] L. Zhang, J.R. Conejo-Garcia, D. Katsaros, et al., Intratumoral T cells, recurrence,
and survival in epithelial ovarian cancer, N. Engl. J. Med. 348 (2003) 203–213.

[24] C. Murdoch, M. Muthana, S.B. Coffelt, C.E. Lewis, The role of myeloid cells in the
promotion of tumour angiogenesis, Nat. Rev. Cancer 8 (August (8)) (2008)
618–631, https://doi.org/10.1038/nrc2444 Epub 2008 Jul 17.

[25] Y. Lin, M.P. Gustafson, P.A. Bulur, D.A. Gastineau, T.E. Witzig, A.B. Dietz,
Immunosuppressive CD14+HLA-DR(low)/- monocytes in B-cell non-Hodgkin
lymphoma, Blood 117 (January (3)) (2011) 872–881, https://doi.org/10.1182/
blood-2010-05-283820 Epub 2010 Nov 9.

Y. Azuma, et al. Leukemia Research Reports 12 (2019) 100173

4

https://doi.org/10.1097/MD.0000000000000993
https://doi.org/10.3109/10428194.2014.982642
https://doi.org/10.3109/10428194.2014.982642
https://doi.org/10.1002/hon.2374
https://doi.org/10.1097/MD.0000000000004893
https://doi.org/10.18632/oncotarget.14289
https://doi.org/10.18632/oncotarget.14289
https://doi.org/10.7534/j.issn.1009-2137.2016.02.022
https://doi.org/10.1371/journal.pone.0176008
https://doi.org/10.1371/journal.pone.0176008
https://doi.org/10.1016/j.leukres.2018.02.011
https://doi.org/10.1016/j.leukres.2018.02.011
https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1038/bmt.2012.244
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0021
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0021
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0021
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0022
http://refhub.elsevier.com/S2213-0489(19)30016-0/sbref0022
https://doi.org/10.1038/nrc2444
https://doi.org/10.1182/blood-2010-05-283820
https://doi.org/10.1182/blood-2010-05-283820

	Neutrophil-to-lymphocyte ratio (NLR) fails to predict outcome of diffuse large B cell lymphoma
	Introduction
	Patients and methods
	Patients
	Statistics

	Results
	Patient characteristics
	Survival according to NLR
	Prognostic factors

	Discussion
	CRediT authorship contribution statement
	mk:H1_11
	Supplementary materials
	References




