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Abstract
Background: Given the role of inflammation in tumor progression, as well as in diffuse large B-cell lymphoma (DLBCL), researchers
are trying to identify easily applicable, easy accessible prognostic markers for individual risk assessment. The most frequently used
inflammatory prognostic markers are the neutrophil-to-lymphocyte ratio (NLR), the platelet-to-lymphocyte ratio (PLR), and the Glasgow prognostic score (GPS).
Objectives: To determine and compare the prognostic value of the baseline inflammatory biomarkers NLR, PLR, and GPS in patients
with DLBCL.
Methods: We retrospectively analyzed data from 103 DLBCL patients treated with R-CHOP or R-CHOP-like regimens. We evaluated
the significance of NLR, PLR, and GPS as a predictor of response to treatment, overall survival (OS), and event-free survival (EFS).
Results: Higher NLR levels were found in patients with a poorer response to therapy (median [range] 2.87 [0.56 - 26.33] vs. 4 [0.62 29.66], P = 0.026). Patients with NLR values of > 2.63 (cutoff value calculated by receiver-operating characteristic) had significantly
worse two-year OS (65.1% vs. 87.2%, P = 0.002) and two-year EFS (59.8% vs. 87.1%, P = 0.001). PLR values were not significant for survival.
The two-year OS rates for patients with GPS = 0, GPS = 1, and GPS = 2 were 93.3%, 63.9%, and 33.3%, respectively (P < 0.001), and EFS
rates were 86.5%, 65.3%, and 30.3%, respectively (P < 0.001). Cox regression analysis showed that only NLR values of > 2.63 were an
independent prognostic factor for OS (hazard ratio [HR] = 2.857; 95% confidence interval [CI] 1.022 - 8.699; P = 0.048] and EFS (HR =
4.06; 95% CI 1.357 - 12.151; P = 0.012).
Conclusions: Our research confirmed NLR as useful independent prognostic marker for survival. PLR and GPS did not show independent prognostic value, although they were also associated with the patients’ clinical features. The easy availability and inexpensiveness of inflammatory biomarkers should encourage their use in clinical practice.
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1. Background
Diffuse large B-cell lymphoma (DLBCL) is the most common type of lymphoma, accounting for 25% of all cases of
non-Hodgkin’s lymphoma (NHL) (1, 2). DLBCL is an aggressive disease that usually affects middle-aged and elderly patients. The new classification of the World health organization (WHO) recognizes several types of large B-cell lymphoma, of which the most common form is unspecified DL-

BCL (1). The most commonly used prognostic index in aggressive NHL is the international prognostic index (IPI) and
its variants for younger or elderly patients (age-adjusted
IPI) and those treated with rituximab (revised R-IPI) (3, 4).
With growing evidence of the role of inflammation in
cancer biology, the systemic inflammatory response has
been postulated as having prognostic significance in a
wide range of malignancies. Given the role of inflammation in tumor progression, as well as in DLBCL, researchers
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are trying to identify easily applicable, easy accessible
prognostic markers for individual risk assessment.

3. Methods

The most frequently used inflammatory prognostic
markers are the neutrophil-to-lymphocyte ratio (NLR), the
platelet-to-lymphocyte ratio (PLR), and the Glasgow prognostic score (GPS). The NLR is an independent prognostic
factor for overall survival (OS) and progression-free survival (PFS) in different types of malignancies, including
renal cell carcinoma, colorectal tumors, gastric tumors,
pancreatic cancer, and sarcomas (5-9). Porrata et al. (10)
found that baseline NLR is a simple, inexpensive, standardized prognostic factor that can be used to assess clinical
outcomes in DLBCL patients treated with R-CHOP. Patients
with NLR values of ≥ 3.5 had worse OS and PFS (10).

This retrospective study used data from patients with
histologically proven DLBCL, diagnosed between November 2006 and July 2015, who were treated with R-CHOP or
R-CHOP-like regimens at the University hospital Osijek, Osijek, Croatia. Patients were included in the study who had
a disease stage of II-IV, IE, or I bulky, who were initially
planned for at least four cycles of immunochemotherapy, and for whom all necessary laboratory and clinical
data were available. Those with transformed indolent lymphoma, clinical evidence of infection or active chronic inflammatory disease at the time of diagnosis, or with primary central nervous system (CNS) lymphoma were excluded from the study.
The following demographic characteristics, clinical
features, and laboratory parameters were collected from
the patients’ medical records: age, disease stage, IPI, presence of B symptoms, red blood cell (RBC) count, white
blood cell (WBC) count, platelets, absolute neutrophil
count (ANC), absolute lymphocyte count (ALC), lactate dehydrogenase (LDH), CRP, albumin, hemoglobin (Hb), ferritin, eastern cooperative oncology group performance
status (ECOG PS), and number of involved extranodal locations. The IPI uses five baseline characteristics (age, ECOG
PS, serum LDH, Ann Arbor [AA] disease stage, and number of extranodal locations) to stratify patients into lowrisk (IPI = 0 - 1), low-to-intermediate-risk (IPI = 2), highintermediate-risk (IPI = 3), and high-risk (IPI = 4 - 5) groups.
The initial values of inflammatory biomarkers (NLR,
PLR, and GPS) and other laboratory parameters were defined as those obtained within two weeks before first-line
treatment was initiated. Baseline NLR was obtained by dividing ANC by ALC. PLR was obtained by dividing platelet
count by ALC. GPS was determined according to albumin
and CRP serum concentrations as previously described
(18). Briefly, patients with both elevated CRP (> 1.0 mg/dL)
and hypoalbuminemia (< 3.5 g/dL) were allocated a score
of 2. Patients in whom only one of these biochemical abnormalities was present were allocated a score of 1. Patients in whom neither of these abnormalities was present
were allocated a score of 0.
Most patients were treated with standard R-CHOP
21 immunochemotherapy consisting of rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone. The remaining patients received R-CHOP-like
regimens.
The analyzed outcomes were response to treatment,
EFS, and OS. Response to treatment was determined according to the international working group criteria (30).
EFS was calculated from the date of diagnosis until the date
of one of the following events: disease progression, ini-

Studies have also found that PLR is associated with
worse survival and more advanced disease in patients with
pancreatic, ovarian, gastric, renal, and prostate cancers (1115). Asher et al. found that in patients with ovarian cancer,
PLR had a stronger predictive value than NLR (12). Liu et al.
found that PLR was a potentially useful prognostic marker
of response to therapy and of prognosis in non-small-cell
lung cancer (16). Unal et al. found that PLR was associated
with OS in non-small-cell lung cancer (17).
The GPS is an inflammation-based prognostic scoring
system that includes the values of serum albumin and Creactive protein (CRP). Using the GPS, patients can be stratified into three risk groups. The usefulness of the GPS was
first described by Forrest et al. in patients with non-smallcell lung cancer (18). So far, it has been found to be of significant prognostic value in patients with colorectal carcinoma, non-small-cell lung cancer, gastroesophageal cancer, pancreatic cancer, and hepatocellular carcinoma (1927). Recently, Li et al. found that the GPS was an independent predictor of outcome in patients with extranodal
natural killer/T-cell lymphoma (28). Li et al. also recently
found that the GPS was a good predictor of clinical outcome in DLBCL patients treated with R-CHOP (29).

2. Objectives

Both NLR and GPS have been recognized as prognostic
factors in patients with DLBCL, but no published study has
yet compared those markers. There have been no previous
reports on the prognostic value of PLR in patients with DLBCL. The aim of our study was to determine and compare
the prognostic values of baseline NLR, PLR, and GPS in DLBCL patients for disease outcome, OS, and event-free survival (EFS).
2
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tiation of another anti-lymphoma treatment, relapse, or
death, irrespective of cause. OS was calculated from the
date of the diagnosis until the date of death due to any
cause or until the latest control.
3.1. Statistical Analysis
SPSS (version 15.0, SPSS Inc., Chicago, IL, USA) and MedCalc statistical software (version 11.4.2.0, Ostend, Belgium)
were used. Variables were tested for normality using the
Kolmogorov-Smirnov test. Continuous variables with normal distribution were expressed as mean ± standard deviation (SD) and those without a normal distribution were
expressed as median and range (minimum–maximum).
Categorical variables were compared with the χ2 test or
Fisher’s exact test. Two continuous independent variables
were analyzed with the t-test for normally distributed variables and by the non-parametric Mann-Whitney U test for
non-normally distributed variables. More than two independent samples were analyzed using one-way analysis of
variance (ANOVA) or the Kruskal-Wallis test. Correlation
was assessed using Pearson’s or Spearman’s tests, as appropriate. Survival was analyzed with Kaplan-Meier curves and
survival variables were compared with the log-rank test. To
estimate the predictive value of PNI, we used Cox regression univariate and multivariate analyses. A receiver operating characteristic (ROC) analysis was used to determine
the cutoff values of PNI for mortality. P values of < 0.05
were considered statistically significant.
Ethical approval was obtained from the ethics committees of the Osijek university hospital and the faculty of
medicine, University of Osijek.

4. Results
4.1. Study Subjects
Between 2006 and 2015, 117 patients with DLBCL were
diagnosed and treated at our institution. Fourteen patients were excluded from the analysis: two with stage I
nodal non-bulky disease, one due to insufficient data, three
due to transformation of indolent lymphoma, two for primary CNS disease, one who died before treatment began,
two due to infection at the time of diagnosis, and three
who were not treated with R-CHOP or a similar regimen.
Sixty-six of the participants were women and the median
age was 63 years (range 22 - 87). Median follow-up was 27
months (range 1 - 105 months). Median value of NLR was
3.045, with a range of 0.56 - 29.66. Median PLR was 162.38,
with a range of 13.05 - 2080.25. Of the total number of patients, 48 (46.6%) had GPS = 0, 41 (39.8%) patients had GPS =
1, and 14 (13.6%) had GPS = 2.
Shiraz E-Med J. 2016; 17(7-8):e38209.

4.2. NLR and DLBCL
There was a significant positive correlation between
NLR and CRP (rs = 0.31, P = 0.001), WBC (rs = 0.271, P = 0.006),
PLR (rs = 0.583, P < 0.001), ferritin (rs = 0.272, P = 0.009), GPS
(rs = 0.33, P = 0.001), and IPI (rs = 0.244, P = 0.013). There
was a negative correlation between NLR and Fe (rs = -0.376,
P < 0.001) and albumin (rs = -0.353, P < 0.001). We did not
find significant correlations between NLR and age, ECOG
PS, RBC, platelet count, or Hb.
Higher NLR values were found in patients with IPI of
> 2 compared to those with IPI of 0 - 2 (3.79 [0.62 - 29.66]
vs. 2.38 [0.56 - 26.33], P = 0.01, Mann-Whitney U-test) (Figure
1A). Patients who responded to therapy had lower NLR values than those who did not respond to therapy (2.87 [0.56
- 26.33] vs. 4 [0.62 - 29.66], P = 0.026, Mann-Whitney U-test)
(Figure 1B).
We defined the cutoff NLR value for mortality in our cohort by ROC analysis. The area under the curve (AUC) for
NLR was 0.631 (95% CI 0.531 - 0.724, Z = 2.18); the optimal cutoff value was 2.63, with 82.8% sensitivity and 50% specificity
(P = 0.0293) (Figure 2). Forty-two patients had low NLR (≤
2.63) and 61 patients had high NLR (> 2.63). The patients
with high NLR had significantly higher IPI (P = 0.002), LDH
(P = 0.001), CPR (P = 0.004), PLR (P < 0.001), and GPS (P =
0.002); they also more often expressed B symptoms (P =
0.016), had lower serum albumin (P = 0.001), and showed a
poorer response to treatment (P = 0.026) (Table 1).
Two-year OS and two-year EFS were 74.2% and 71.1% for
all patients, significantly poorer in those with NLR > 2.63
(65.1% vs. 87.2% for two-year OS, P = 0.002, log-rank test;
59.8% vs. 87.1% for two-year EFS, P = 0.001, log-rank test) (Figure 3A).
4.3. PLR and DLBCL
There was a significant positive correlation between
PLR and CRP (rs = 0.288, P = 0.003), NLR (rs = 0.583, P <
0.001), ferritin (rs = 0.23, P = 0.027), GPS (rs = 0.24, P = 0.015),
and IPI (rs = 0.197, P = 0.046), but a negative correlation between PLR and RBC (rs = -0.207, P = 0.036), Fe (rs = -0.35, P
= 0.001), and serum albumin (rs = -0.304, P = 0.002). We
did not find significant correlations between PLR and WBC,
ANC, age, or ECOG PS.
In patients with advanced disease and those with IPI
of > 2, PLR was not higher (P = 0.166; P = 0.099) (data not
shown). Patients who responded to therapy did not have
lower PLR than those who did not respond to therapy (P =
0.556) (data not shown).
Next, we divided the patients into two groups based
on the median value of PLR (≤ 162.38 and > 162.38). Fiftytwo patients had low PLR (≤ 162.38) and 51 had high PLR (>
162.38). The patients with high PLR had significantly higher
3
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Figure 1. Baseline NLR in Patients With DLBCL (n = 103)
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50% specificity, P = 0.552) (data not shown).

NLR
1

There was no statistically significant difference in OS (P
= 0.611, log-rank test) or EFS (P = 0.787, log-rank test) according to the median value of PLR (Figure 3B).

4.4. GPS and DLBCL
There was a significant positive correlation between
GPS and CRP (rs = 0.842, P < 0.001), ANC (rs = 0.356, P <
0.001), ferritin (rs = 0.411, P < 0.001), NLR (rs = 0.33, P =
0.001), PLR (rs = 0.24, P = 0.015), IPI (rs = 0.574, P < 0.001),
ECOG PS (rs = 0.39, P < 0.001), and clinical stage (rs = 0.347,
P < 0.001), while there was a negative correlation between
GPS and RBC (rs = -0.29, P = 0.003), Hb (rs = -0.38, P < 0.001),
and serum albumin (rs = -0.743, P < 0.001). We did not find
significant correlations between GPS and platelet count or
ALC.
Patients with higher GPS were in poorer general condition (P < 0.001), expressed B symptoms more frequently (P
< 0.001), and had bone marrow involvement (P = 0.006),
advanced disease stage (P = 0.003), higher IPI (P < 0.001),
higher NLR (P = 0.003), higher LDH (P < 0.001), higher WBC
(P = 0.002), higher serum ferritin (P < 0.001), lower RBC
(P < 0.001), lower serum concentration of Hb (P < 0.001),
and a poorer response to therapy (P < 0.001) (Table 1). The
two-year OS rates for patients with GPS = 0, GPS = 1, and
GPS = 2 were 93.3%, 63.9%, and 33.3%, respectively (P < 0.001,
log-rank test) (Figure 3C). Patients with GPS = 0 had significantly better OS than those with GPS = 2 (P < 0.001). The
two-year EFS rate was 86.5% in patients with GPS = 0, 65.3%
in patients with GPS = 1, and 30.3% in patients with GPS = 2,
respectively (P < 0.001, log-rank test).

We next performed the ROC analysis, which showed
that PLR was not a statistically significant factor for mortality. AUC for PLR was 0.539 (95% CI 0.438 - 0.638, Z = 0.595;
optimal cutoff value was 150.28, with 62.1% sensitivity and

4.5. Univariate and Multivariate Cox Regression Analysis
In the univariate analyses, unfavorable IPI (> 2), elevated LDH (> 241 UI), worse ECOG PS (≥ 2), advanced stage
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Figure 2. ROC Curve of NLR for Differentiating OS in Patients With DLBCL (n = 103).

AA stage (P = 0.043), LDH (P = 0.008), CPR (P = 0.002), NLR
(P < 0.001), and GPS (P = 0.02), as well as lower serum albumin (P = 0.001) and Hb (P < 0.001) (Table 1).
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Figure 3. Survival Curve for OS and EFS at Diagnosis in Patients With DLBCL (n = 103)

A, according to NLR level (normal ≤ 2.63, elevated > 2.63%); B, according to PLR level (normal ≤ 162.38, elevated > 162.38); C, and according to the GPS of 0, 1, and 2.

(III + IV), the presence of B symptoms, NLR of > 2.63, and
GPS of ≥ 1 significantly influenced OS (Table 2). PLR was not
a significant prognostic factor for OS (P = 0.789) or EFS (P =
0.613). In multivariate analyses, unfavorable IPI (> 2) (hazard ratio [HR] = 4.887; 95% CI 1.091 - 21.888; P = 0.038) and
Shiraz E-Med J. 2016; 17(7-8):e38209.

elevated NLR (> 2.63) (HR = 2.857; 95% CI 1.022 - 8.699; P =
0.048) were independently associated with shorter OS (Table 2). Also in the univariate analyses, unfavorable IPI (> 2),
elevated LDH (> 241 UI), older age (> 60 years), worse ECOG
PS (≥ 2), advanced stage (III + IV), the presence of B symp5

Periša V et al.

toms, NLR of > 2.63, and GPS of ≥ 1 significantly influenced
EFS (Table 2). In the multivariate analyses, unfavorable IPI
(> 2) (HR = 4.778; 95% CI 1.164 - 19.609; P = 0.034), elevated
NLR (> 2.63) (HR = 4.06; 95% CI 1.357 - 12.151; P = 0.012), and
the presence of B symptoms (HR = 3.215; 95% CI 1.262 - 8.192;
P = 0.012) were independently associated with shorter EFS
(Table 2).
5. Discussion
This is the first study to compare different biomarkers
of systemic inflammation in patients with DLBCL. The results showed that increased NLR at the time of DLBCL diagnosis is associated with a poorer prognosis, and NLR is
an independent prognostic factor for OS and EFS. Patients
with NLR values of > 2.63 have shorter OS and EFS. Our
study indicates that in patients with DLBCL, NLR is a better
prognostic factor than PLR or GPS, which is similar to results obtained in patients with breast, colorectal, and lung
carcinoma, as well as malignant mesothelioma (31-34).
A significant positive correlation of NLR with CRP and
ferritin and a negative correlation of NLR with serum albumin were found in our study. The results confirm that
a high NLR reflects chronic inflammation and poor nutritional status in patients with DLBCL (10). We analyzed the
cutoff NLR value (≥ 3.5) for mortality of patients with DLBCL established by Porrata et al. (10) but could not find
a survival difference between patients with low and high
values. In our series, the cutoff value of 2.63, determined
by ROC analysis, discriminated best between patients who
survived and those who died. The obtained cutoff value,
lower than the one previously established, could be a result
of the relatively small number of patients or differences between patient populations. When we divided the patients
into two groups based on the cutoff value of NLR (≤ 2.63
or > 2.63), we found that patients with higher values had
higher IPI, LDH, and CPR, expressed B symptoms more often, had lower serum albumin, and showed a poorer response to treatment. These results are in accordance with
those of Porrata et al. (10) and confirm that higher NLR values are associated with worse treatment outcomes. In the
multivariate analysis, NLR was found to be an independent
prognostic factor for OS and EFS. So far, there have been no
reports on the prognostic value of PLR in patients with DLBCL. PLR is associated with prognosis in many types of cancer, including colorectal, pulmonary, and hepatocellular.
However, the specific mechanism of this correlation is not
fully understood (35). Platelets can trigger tumor growth
by accelerating angiogenesis via the cytokine vascular endothelial factor (VEGF) pathway (36). Our study identified
a positive association of PLR with CRP, ferritin, and IPI, and
a negative association of PLR with serum albumin. PLR was
6

not different in patients who responded to treatment and
those who did not, nor did it influence OS or EFS. According
to the results obtained in our group of patients, PLR has no
prognostic value in DLBCL.
Our study indicates that GPS is a prognostic factor
for OS and EFS. Patients with higher values (GPS = 2) had
shorter OS and EFS. High GPS is associated with poorer
prognostic factors, including worse ECOG PS (≤ 2), bone
marrow involvement, advanced disease stage, and the
presence of B symptoms. These results indicate that GPS
may reflect tumor growth and the invasive potential (tumor stage), and the patient’s response to the tumor (B
symptoms). Our results are consistent in large part with
the recently published results of Li et al., who found that
GPS was good predictor of clinical outcome in patients
with DLBCL who were treated with R-CHOP (29). They found
that patients with lower GPS values had better outcomes
(longer OS and EFS). In their series, GPS was an independent
predictor of OS, whereas we did not obtain a similar result
in our study. The difference was possibly a consequence of
the relatively small number of patients and the fact that we
included NLR in the multivariate analysis while the previous authors did not.
We also determined mutual positive correlations between NLR, PLR, and GPS, likely due to an increased inflammatory response. Malignant tumors lead to chronic
inflammation and malnutrition (37). Inflammatory processes have been identified as critical components of tumor progression, highlighting the role of the microenvironment, which is largely orchestrated by inflammatory
cells as an indispensable participant in the neoplastic process, fostering proliferation, survival, and migration (38).
An acute inflammatory reaction is a common event in patients with malignant disease, which results in an excess of
proinflammatory cytokines, such as interleukins 1, 6, and
8, tumor necrosis factor, and interferon (39). This systemic
inflammatory response, reflecting both the disease activity
and the host’s innate response to the tumor, has a causative
role in determining most of the constitutional symptoms
and signs reported by cancer patients, including weight
loss, anorexia, fatigue, and cancer-related anemia (40). It
was found that the systemic inflammatory response was
associated with poor outcomes in various diseases. For various solid tumors, as well as for lymphomas, inflammation
parameters such as WBC, ANC, ALC, and CRP have been associated with higher mortality rates (41-46). Our results are in
accordance with findings on the important roles of inflammation and malnutrition in tumor progression. Patients
with high NLR and GPS had a poor response to treatment.
Chronic inflammation is also reported to lead to an unfavorable response to chemotherapy (47, 48). More research
is needed to explain the relationships of NLR and GPS with
Shiraz E-Med J. 2016; 17(7-8):e38209.
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Table 2. Univariate and Multivariate Analysis for OS and EFS in DLBCL Patients (n = 103)
Univariate

Multivariate

OS

NLR (> 2.63)
PLR (> 162.38)

EFS

OS

95% CI

P

HR

95% CI

P

HR

95% CI

P

HR

95% CI

P

4.077

1.551 - 10.712

0.004

4.589

1.764 - 11.939

0.002

2.857

1.022 - 8.699

0.048

4.06

1.357 - 12.151

0.012

-

-

-

NS

-

-

NS

-

4.43

1.796 - 10.929

0.001

2.94

1.355 - 6.379

0.006

-

Age (> 60 years)

-

-

NS

2.573

1.155 - 5.734

0.021

-

Sex (male)

-

-

NS

-

-

NS

-

ECOG PS (≥ 2)

6.152

2.876 - 13.161

< 0.001

4.795

2.363 - 9.729

< 0.001

GPS (≥ 1)

EFS

HR

-

-

-

-

NS

-

-

NS

-

-

-

-

NS

-

NS

-

-

-

-

-

NS

-

-

NS
0.034

IPI* (> 2)

11.408

3.951 - 32.94

< 0.001

6.762

2.906 - 15.734

< 0.001

4.887

1.091 -21.888

0.038

4.778

1.164 - 19.609

LDH (> 241 U/L)

4.146

1.832 -9.383

0.001

3.09

1.486 - 6.422

0.003

-

-

NS

-

-

NS

B symptomsa (yes)

4.442

1.804 - 10.94

0.001

4.347

1.874 - 10.079

0.001

-

-

NS

3.215

1.262 - 8.192

0.014

Clinical stage AA (III and IV)

18.224

2.475 - 134.205

0.004

9.642

4.581 - 20.296

0.005

-

-

NS

-

-

NS

Abbreviations: AA, Ann Arbor; CI, confidence interval; ECOG PS, eastern cooperative oncology group performance status; EFS, event-free survival; GPS, Glasgow prognostic score; HR, hazard ratio; IPI, international prognostic index; LDH,
lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; NS, non-significant; OS, overall survival; PLR, platelet-to-lymphocyte ratio.
a fever, nights sweats, weight loss

inflammation and response to cancer treatment.
This is the first study to compare inflammatory markers in patients with DLBCL. So far, there have been no reports on the prognostic value of PLR in patients with DLBCL. A limitation of this study was its retrospective design and the fact that it was conducted in a single center. The obtained cutoff value should be externally validated within independent cohorts of patients, preferably
in a prospective study. Based on our results, some of the
studied inflammatory prognostic biomarkers may be associated with patient survival. NLR as an indicator of systemic inflammation was an independent prognostic factor
for OS and EFS in DLBCL. Our research confirmed NLR as a
useful prognostic marker, while PLR and GPS did not show
independent prognostic value for survival, although they
were also associated with the clinical features of the patients. The easy availability and inexpensiveness of inflammatory biomarkers should encourage their use in clinical
practice.
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Aurer.
References
1. Sabattini E, Bacci F, Sagramoso C, Pileri SA. WHO classification of tumours of haematopoietic and lymphoid tissues in 2008: an overview.
Pathologica. 2010;102(3):83–7. [PubMed: 21171509].
2. Morton LM, Wang SS, Devesa SS, Hartge P, Weisenburger DD, Linet MS.
Lymphoma incidence patterns by WHO subtype in the United States,
1992-2001. Blood. 2006;107(1):265–76. doi: 10.1182/blood-2005-06-2508.
[PubMed: 16150940].
3. A predictive model for aggressive non-Hodgkin’s lymphoma. The International Non-Hodgkin’s Lymphoma Prognostic Factors Project. N
Engl J Med. 1993;329(14):987–94. doi: 10.1056/NEJM199309303291402.
[PubMed: 8141877].
4. Sehn LH, Berry B, Chhanabhai M, Fitzgerald C, Gill K, Hoskins P, et al.
The revised International Prognostic Index (R-IPI) is a better predictor of outcome than the standard IPI for patients with diffuse large Bcell lymphoma treated with R-CHOP. Blood. 2007;109(5):1857–61. doi:
10.1182/blood-2006-08-038257. [PubMed: 17105812].
5. de Martino M, Pantuck AJ, Hofbauer S, Waldert M, Shariat SF, Belldegrun AS, et al. Prognostic impact of preoperative neutrophil-tolymphocyte ratio in localized nonclear cell renal cell carcinoma. J
Urol. 2013;190(6):1999–2004. doi: 10.1016/j.juro.2013.06.082. [PubMed:
23831313].
6. Walsh SR, Cook EJ, Goulder F, Justin TA, Keeling NJ. Neutrophillymphocyte ratio as a prognostic factor in colorectal cancer. J Surg Oncol. 2005;91(3):181–4. doi: 10.1002/jso.20329. [PubMed: 16118772].
7. Yamanaka T, Matsumoto S, Teramukai S, Ishiwata R, Nagai Y,
Fukushima M. The baseline ratio of neutrophils to lymphocytes
is associated with patient prognosis in advanced gastric cancer.
Oncology. 2007;73(3-4):215–20. doi: 10.1159/000127412. [PubMed:
18424885].
8. Wang DS, Luo HY, Qiu MZ, Wang ZQ, Zhang DS, Wang FH, et al. Comparison of the prognostic values of various inflammation based factors
in patients with pancreatic cancer. Med Oncol. 2012;29(5):3092–100.
doi: 10.1007/s12032-012-0226-8. [PubMed: 22476808].

7

Periša V et al.

9. Szkandera J, Absenger G, Liegl-Atzwanger B, Pichler M, Stotz M, Samonigg H, et al. Elevated preoperative neutrophil/lymphocyte ratio
is associated with poor prognosis in soft-tissue sarcoma patients.
Br J Cancer. 2013;108(8):1677–83. doi: 10.1038/bjc.2013.135. [PubMed:
23558897].
10. Porrata LF, Ristow K, Habermann T, Inwards DJ, Micallef IN, Markovic
SN. Predicting survival for diffuse large B-cell lymphoma patients using baseline neutrophil/lymphocyte ratio. Am J Hematol.
2010;85(11):896–9. doi: 10.1002/ajh.21849. [PubMed: 20842639].
11. Smith RA, Bosonnet L, Raraty M, Sutton R, Neoptolemos JP,
Campbell F, et al. Preoperative platelet-lymphocyte ratio is an
independent significant prognostic marker in resected pancreatic ductal adenocarcinoma. Am J Surg. 2009;197(4):466–72. doi:
10.1016/j.amjsurg.2007.12.057. [PubMed: 18639229].
12. Asher V, Lee J, Innamaa A, Bali A. Preoperative platelet lymphocyte ratio as an independent prognostic marker in ovarian cancer. Clin Transl
Oncol. 2011;13(7):499–503. doi: 10.1007/s12094-011-0687-9. [PubMed:
21775277].
13. Wang DS, Ren C, Qiu MZ, Luo HY, Wang ZQ, Zhang DS, et al. Comparison of the prognostic value of various preoperative inflammationbased factors in patients with stage III gastric cancer. Tumour Biol.
2012;33(3):749–56. doi: 10.1007/s13277-011-0285-z. [PubMed: 22198641].
14. Gunduz S, Mutlu H, Tural D, Yildiz O, Uysal M, Coskun HS, et al.
Platelet to lymphocyte ratio as a new prognostic for patients with
metastatic renal cell cancer. Asia Pac J Clin Oncol. 2015;11(4):288–92.
doi: 10.1111/ajco.12358. [PubMed: 25871569].
15. Sidaway P. Prostate cancer: Platelet-to-lymphocyte ratio predicts prostate cancer prognosis. Nat Rev Urol. 2015;12(5):238. doi:
10.1038/nrurol.2015.69. [PubMed: 25823375].
16. Liu H, Wu Y, Wang Z, Yao Y, Chen F, Zhang H, et al. Pretreatment
platelet-to-lymphocyte ratio (PLR) as a predictor of response to
first-line platinum-based chemotherapy and prognosis for patients
with non-small cell lung cancer. J Thorac Dis. 2013;5(6):783–9. doi:
10.3978/j.issn.2072-1439.2013.12.34. [PubMed: 24409356].
17. Unal D, Eroglu C, Kurtul N, Oguz A, Tasdemir A. Are neutrophil/lymphocyte and platelet/lymphocyte rates in patients
with non-small cell lung cancer associated with treatment response
and prognosis?. Asian Pac J Cancer Prev. 2013;14(9):5237–42. [PubMed:
24175807].
18. Forrest LM, McMillan DC, McArdle CS, Angerson WJ, Dunlop DJ. Evaluation of cumulative prognostic scores based on the systemic inflammatory response in patients with inoperable non-small-cell lung
cancer. Br J Cancer. 2003;89(6):1028–30. doi: 10.1038/sj.bjc.6601242.
[PubMed: 12966420].
19. McMillan DC. The systemic inflammation-based Glasgow Prognostic Score: a decade of experience in patients with cancer. Cancer
Treat Rev. 2013;39(5):534–40. doi: 10.1016/j.ctrv.2012.08.003. [PubMed:
22995477].
20. McMillan DC, Crozier JE, Canna K, Angerson WJ, McArdle CS. Evaluation of an inflammation-based prognostic score (GPS) in patients
undergoing resection for colon and rectal cancer. Int J Colorectal Dis. 2007;22(8):881–6. doi: 10.1007/s00384-006-0259-6. [PubMed:
17245566].
21. Ishizuka M, Nagata H, Takagi K, Horie T, Kubota K. Inflammationbased prognostic score is a novel predictor of postoperative outcome
in patients with colorectal cancer. Ann Surg. 2007;246(6):1047–51. doi:
10.1097/SLA.0b013e3181454171. [PubMed: 18043109].
22. Forrest LM, McMillan DC, McArdle CS, Angerson WJ, Dunlop DJ.
Comparison of an inflammation-based prognostic score (GPS) with
performance status (ECOG) in patients receiving platinum-based
chemotherapy for inoperable non-small-cell lung cancer. Br J Cancer.
2004;90(9):1704–6. doi: 10.1038/sj.bjc.6601789. [PubMed: 15150622].
23. Kobayashi T, Teruya M, Kishiki T, Endo D, Takenaka Y, Tanaka H,
et al. Inflammation-based prognostic score, prior to neoadjuvant
chemoradiotherapy, predicts postoperative outcome in patients
with esophageal squamous cell carcinoma. Surgery. 2008;144(5):729–

8

35. doi: 10.1016/j.surg.2008.08.015. [PubMed: 19081014].
24. Crumley AB, McMillan DC, McKernan M, McDonald AC, Stuart RC. Evaluation of an inflammation-based prognostic score in patients with
inoperable gastro-oesophageal cancer. Br J Cancer. 2006;94(5):637–41.
doi: 10.1038/sj.bjc.6602998. [PubMed: 16479253].
25. Glen P, Jamieson NB, McMillan DC, Carter R, Imrie CW, McKay CJ.
Evaluation of an inflammation-based prognostic score in patients
with inoperable pancreatic cancer. Pancreatology. 2006;6(5):450–3.
doi: 10.1159/000094562. [PubMed: 16847382].
26. Ishizuka M, Kubota K, Kita J, Shimoda M, Kato M, Sawada T. Impact of an inflammation-based prognostic system on patients undergoing surgery for hepatocellular carcinoma: a retrospective
study of 398 Japanese patients. Am J Surg. 2012;203(1):101–6. doi:
10.1016/j.amjsurg.2010.09.030. [PubMed: 21429472].
27. Kinoshita A, Onoda H, Imai N, Iwaku A, Oishi M, Tanaka K, et al. The
Glasgow Prognostic Score, an inflammation based prognostic score,
predicts survival in patients with hepatocellular carcinoma. BMC Cancer. 2013;13:52. doi: 10.1186/1471-2407-13-52. [PubMed: 23374755].
28. Li YJ, Jiang WQ, Huang JJ, Xia ZJ, Huang HQ, Li ZM. The Glasgow
Prognostic Score (GPS) as a novel and significant predictor of extranodal natural killer/T-cell lymphoma, nasal type. Am J Hematol.
2013;88(5):394–9. doi: 10.1002/ajh.23422. [PubMed: 23423859].
29. Li X, Zhang Y, Zhao W, Liu Z, Shen Y, Li J, et al. The Glasgow Prognostic Score as a significant predictor of diffuse large B cell lymphoma
treated with R-CHOP in China. Ann Hematol. 2015;94(1):57–63. doi:
10.1007/s00277-014-2167-0. [PubMed: 25085376].
30. Cheson BD, Pfistner B, Juweid ME, Gascoyne RD, Specht L, Horning
SJ, et al. Revised response criteria for malignant lymphoma. J Clin
Oncol. 2007;25(5):579–86. doi: 10.1200/JCO.2006.09.2403. [PubMed:
17242396].
31. Abakay O, Tanrikulu AC, Palanci Y, Abakay A. The value of inflammatory parameters in the prognosis of malignant mesothelioma. J Int
Med Res. 2014;42(2):554–65. doi: 10.1177/0300060513504163. [PubMed:
24573972].
32. Azab B, Shah N, Radbel J, Tan P, Bhatt V, Vonfrolio S, et al. Pretreatment neutrophil/lymphocyte ratio is superior to platelet/lymphocyte
ratio as a predictor of long-term mortality in breast cancer patients.
Med Oncol. 2013;30(1):432. doi: 10.1007/s12032-012-0432-4. [PubMed:
23283648].
33. He W, Yin C, Guo G, Jiang C, Wang F, Qiu H, et al. Initial neutrophil
lymphocyte ratio is superior to platelet lymphocyte ratio as an adverse prognostic and predictive factor in metastatic colorectal cancer.
Med Oncol. 2013;30(1):439. doi: 10.1007/s12032-012-0439-x. [PubMed:
23307251].
34. Zhang T, Jiang Y, Qu X, Shen H, Liu Q, Du J. Evaluation of preoperative hematologic markers as prognostic factors and establishment of novel risk stratification in resected pN0 non-small-cell lung
cancer. PLoS One. 2014;9(10):111494. doi: 10.1371/journal.pone.0111494.
[PubMed: 25360716].
35. Shimada H, Takiguchi N, Kainuma O, Soda H, Ikeda A, Cho A, et al.
High preoperative neutrophil-lymphocyte ratio predicts poor survival in patients with gastric cancer. Gastric Cancer. 2010;13(3):170–6.
doi: 10.1007/s10120-010-0554-3. [PubMed: 20820986].
36. Zhou X, Du Y, Huang Z, Xu J, Qiu T, Wang J, et al. Prognostic value of
PLR in various cancers: a meta-analysis. PLoS One. 2014;9(6):101119. doi:
10.1371/journal.pone.0101119. [PubMed: 24968121].
37. Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related inflammation. Nature. 2008;454(7203):436–44. doi: 10.1038/nature07205.
[PubMed: 18650914].
38. Coussens LM, Werb Z. Inflammation and cancer. Nature.
2002;420(6917):860–7. doi: 10.1038/nature01322. [PubMed: 12490959].
39. Esper DH, Harb WA. The cancer cachexia syndrome: a review of metabolic and clinical manifestations. Nutr Clin Pract.
2005;20(4):369–76. [PubMed: 16207677].
40. Moore MM, Chua W, Charles KA, Clarke SJ. Inflammation and cancer:

Shiraz E-Med J. 2016; 17(7-8):e38209.

Periša V et al.

41.

42.

43.

44.

causes and consequences. Clin Pharmacol Ther. 2010;87(4):504–8. doi:
10.1038/clpt.2009.254. [PubMed: 20147899].
Cao Y, Shi YX, Chen JO, Tan YT, Cai YC, Luo HY, et al. Serum C-reactive
protein as an important prognostic variable in patients with diffuse large B cell lymphoma. Tumour Biol. 2012;33(4):1039–44. doi:
10.1007/s13277-012-0337-z. [PubMed: 22328138].
Mohri Y, Tanaka K, Ohi M, Yokoe T, Miki C, Kusunoki M. Prognostic significance of host- and tumor-related factors in patients with gastric
cancer. World J Surg. 2010;34(2):285–90. doi: 10.1007/s00268-009-03021. [PubMed: 19997918].
Feng J, Wang Z, Guo X, Chen Y, Cheng Y, Tang Y. Prognostic significance of absolute lymphocyte count at diagnosis of diffuse large Bcell lymphoma: a meta-analysis. Int J Hematol. 2012;95(2):143–8. doi:
10.1007/s12185-011-0993-6. [PubMed: 22205504].
Oki Y, Yamamoto K, Kato H, Kuwatsuka Y, Taji H, Kagami Y, et al.
Low absolute lymphocyte count is a poor prognostic marker in patients with diffuse large B-cell lymphoma and suggests patients’ sur-

Shiraz E-Med J. 2016; 17(7-8):e38209.

45.

46.

47.

48.

vival benefit from rituximab. Eur J Haematol. 2008;81(6):448–53. doi:
10.1111/j.1600-0609.2008.01129.x. [PubMed: 18691256].
Kim DH, Baek JH, Chae YS, Kim YK, Kim HJ, Park YH, et al. Absolute
lymphocyte counts predicts response to chemotherapy and survival
in diffuse large B-cell lymphoma. Leukemia. 2007;21(10):2227–30. doi:
10.1038/sj.leu.2404780. [PubMed: 17554383].
Porrata LF, Ristow K, Habermann TM, Witzig TE, Inwards DJ, Markovic
SN. Absolute lymphocyte count at the time of first relapse predicts
survival in patients with diffuse large B-cell lymphoma. Am J Hematol.
2009;84(2):93–7. doi: 10.1002/ajh.21337. [PubMed: 19123458].
Ho SY, Guo HR, Chen HH, Peng CJ. Nutritional predictors of survival in
terminally ill cancer patients. J Formos Med Assoc. 2003;102(8):544–50.
[PubMed: 14569319].
Gibbs J, Cull W, Henderson W, Daley J, Hur K, Khuri SF. Preoperative
serum albumin level as a predictor of operative mortality and morbidity: results from the National VA Surgical Risk Study. Arch Surg.
1999;134(1):36–42. [PubMed: 9927128].

9

Periša V et al.

Table 1. Baseline Characteristics and Treatment Outcomes in DLBCL Patients According to 2.63 NLR Cutoff, Median Value of PLR, and GPSa

Variable

NLR

PLR

GPS

Low ≤ 2.63 (n =
42)

High > 2.63 (n =
61)

P

Low ≤ 162.38, (n
= 52)

High > 162.38, (n
= 51)

P

Score 0 (n = 48)

Score 1 (n = 41)

Score 2 (n = 14)

P

64 (22 - 81)

63 (23 - 87)

0.766b

63 (27 - 87)

64 (22 - 86)

0.591b

63.5 (22 - 81)

62 (23 - 87)

69.5 (53 - 86)

0.128b

15 (35.7)

28 (45.9)

22 (42.3)

30 (50)

21 (43.8)

20 (48.8)

2 (14.3)

> 60
years

27 (64.3)

33 (54.1)

30 (57.7)

30 (50)

27 (56.2)

21 (51.2)

12 (85.7)

Male

16 (38.1)

21 (34.4)

22 (42.3)

15 (70.6)

16 (33.3)

16 (39)

5 (35.7)

Female

26 (61.9)

40 (65.6)

30 (57.7)

36 (70.6)

32 (66.7)

25 (61)

9 (64.3)

44 (81.7)

28 (68.3)

6 (42.9)

4 (8.3)

13 (31.7)

8 (57.1)

39 (81.3)

18 (43.9)

0 (0)

9 (18.8)

23 (56.1)

14 (100)

Age in years,
median (range)

0.303c

Age group

≤ 60

0.907c

0.072c

years

0.703c

Gender

0.173c

0.305c

ECOG PS
<2

34 (81)

44 (72.1)

≥2

8 (19)

17 (27.9)

0.456c
41 (78.8)

37 (72.5)

11 (21.2)

14 (27.5)

0.002c

IPI

≤2

31 (73.8)

26 (42.6)

>2

11 (26.2)

35 (57.4)

< 0.001c

0.094c
33 (63.5)

24 (47.1)

19 (36.5)

27 (52.9)

0.001c

LDH

0.856c

< 0.001c

0.008c

< 0.001c

Normal

32 (76.2)

26 (42.6)

36 (69.2)

22 (43.1)

40 (83.3)

17 (41.5)

1 (7.1)

>241
U/L

10 (23.8)

35 (57.4)

16 (30.8)

29 (56.9)

8 (16.7)

24 (58.5)

13 (92.9)

B symptomse

0.016c

0.372c

< 0.001c

No

26 (61.9)

23 (37.7)

27 (51.9)

22 (43.1)

37 (77.1)

12 (29.3)

0 (0)

Yes

16 (38.1)

38 (62.3)

25 (48.1)

29 (56.9)

11 (22.9)

29 (70.7)

14 (100)

0.3c

Infiltration of
bone marrow

0.739c

0.006c

No

29 (69)

36 (59)

32 (61.5)

33 (64.7)

38 (79.2)

21 (51.2)

6 (42.9)

Yes

13 (31)

25 (41)

20 (38.5)

18 (35.3)

10 (20.8)

20 (48.8)

8 (57.1)

0.078c

AA clinical stage

0.043c

0.003c

I and II

18 (42.9)

16 (26.2)

22 (42.3)

12 (23.5)

24 (50)

8 (19.5)

2 (14.3)

III and
IV

24 (57.1)

45 (73.8)

30 (57.7)

39 (76.5)

24 (50)

33 (80.5)

12 (85.2)

RBC (× 1012/L,
[mean ± SD*])

4.27 ± 0.53

4.28 ± 0.7

0.931d

4.45 ± 0.62

4.1 ± 0.61

0.005d

4.41 ± 0.59

4.33 ± 0.54

3.67 ± 0.72

< 0.001d

Hemoglobin
(g/L, [mean ±
SD])

122 ± 17

121 ± 21

0.892d

127 ± 19

116 ± 18

0.003d

127 ± 17

120 ± 18

105 ± 20

< 0.001d

WBC (× 109/L,
[mean ± SD])

6.59 ± 2.48

7.91 ± 2.75

0.013d

7.61 ± 2.78

7.13 ± 2.64

0.37d

6.561.93

7.652.94

9.353.26

0.002d

ANC (cells ×
109/L, [mean ±
SD])

3.78 ± 1.55

5.65±2.06

< 0.001d

4.74 ± 1.99

5.05 ± 2.17

0.456d

4.21 ± 1.64

5.27 ± 2.33

6.12 ± 1.9

0.003d

ALC (cells ×
109/L, [mean ±
SD])

2.03 ± 0.75

1.26 ± 0.56

< 0.001d

1.91 ± 0.76

1.23 ± 0.56

< 0.001d

1.64 ± 0.6

1.49 ± 0.68

1.6 ± 1.27

0.62d

Platelet
(×109/L, [mean
± SD])

234 ± 92

284 ± 134

0.037d

199 ± 70

329 ± 127

< 0.001d

245 ± 93

276 ± 135

288 ± 158

0.345d

CRP (mg/L),
median (range)

6.05 (0.5 - 101.9)

17.1 (0.5 - 247.7)

0.004b

5.85 (0.5 - 124.4)

14.91 (1 - 247.7)

0.002b

3.7 (0.5 - 9.7)

23.8 (2.6 - 171.3)

89.2 (28.8 - 247.7)

< 0.001b

Albumin (g/L,
[mean ± SD])

43 ± 4.89

39.07±6.98

0.001d

42.74 ± 6.12

38.57 ± 6.21

0.001d

45.05 ± 4.02

39.29 ± 4.03

29.67 ± 3.75

< 0.001d

Iron (µmol/L,
[mean ± SD])

11.4 ± 4.23

8.95 ± 5.71

0.07d

11.07 ± 4.52

8.87 ± 7.9

0.1d

12.4 ± 6.78

8.13 ± 5.32

6.83 ± 5.16

0.002d

Ferritin (µg/L),
median (range)

87.6 (5.8 - 2350)

139.95 (7.7-1288.7)

0.177b

83.35 (7.8 - 2350)

139.95 (5.8 - 1262)

0.081b

79.3 (5.8 - 2350)

170.3 (17.8 - 1288.7)

348.3 (15 - 662.4)

< 0.001b

NLR, median
(range)

1.92 (0.56 - 2.63)

4 (2.64 - 29.66)

< 0.001b

2.23 (0.56 - 11.29)

3.88 (1.26 - 29.66)

< 0.001b

2.28 (0.56 - 26.33)

3.21 (0.62 - 18)

4.24 (1.44 - 29.66)

0.003b
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PLR, median
(range)

117.79 (13.05 305.37)

194.71
(33.76-2080.25)

0

28 (66.7)

1
2

< 0.001b

103.94 (13.05 162.38)

249.07 (163.75 2080.25)

20 (32.8)

31 (59.6)

17 (33.3)

12 (28.6)

29 (47.5)

17 (32.7)

24 (47.1)

2 (4.8)

12 (19.7)

4 (7.7)

10 (19.6)

0.002c

GPS

0.026c

Treatment
outcome

< 0.001b

133.76 (54.32 1363.63)

180.45 (37.68 1108)

257.88 (13.05 2080.25)

0.048b

0.02c

-

-

-

-

0.811c

< 0.001c

Response

38 (90.5)

44 (72.1)

42 (80.8)

40 (78.4)

46 (95.8)

31 (75.6)

5 (35.7)

No response

4 (9.5)

17 (27.9)

10 (19.2)

11 (21.6)

2 (4.2)

10 (24.4)

9 (64.3)

Abbreviations: AA, Ann Arbor; RBC, red blood cells; ALC, absolute lymphocyte count; ANC, absolute neutrophil count; CRP, C-reactive protein; DLBCL, diffuse large B-cell lymphoma; ECOG PS, eastern cooperative oncology group performance status; GPS, Glasgow prognostic score; IPI, international prognostic index; LDH, lactate dehydrogenase; MCV, mean corpuscular volume; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SD, standard
deviation; WBC, white blood cells.
a Values are expressed as No. (%) unless otherwise indicated.
b Mann-Whitney U-test.
c χ2 test.
d t-test.
e fever, nights sweats, weight loss.
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