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ABSTRACT
Aim: Although there is a complete response and increase in survival rates with rituximab in diffuse large-B-cell lymphoma (DLBCL), approximately
30% of the patients face with relapse or refractory disease. International prognostic index (IPI) is the most widely used method used for identifying
relapse and refractory disease. Recently, the lymphocyte monocyte ratio (LMR) that can be used in place of or in combination with IPI has been
proposed as an effective prognostic factor to predict clinical survival in DLBCL patients.
Materials and Methods: Two hundred twenty three patients diagnosed with DLBCL at our center between 2012 and 2020 were included in the
study. The age, gender, absolute lymphocyte count (ALC), absolute monocyte count (AMC), and follow-up time were recorded from the files of the
patients. Patients were divided into two groups as: exitus group and alive group. LMR was calculated.
Results: The median age at diagnosis was 58 years. The median ALC was 1.5x103/uL, the median AMC was 0.6x103/uL, and the median LMR was 2.6.
The median follow-up time was 53 months. Five-year overall survival and progression-free survival were 78% and 69%, respectively. The age was
significantly higher in the exitus group than in the alive group (p<0.05). ALC, before and after treatment, was significantly higher in the exitus
group than in the alive group (p<0.05). Pre-treatment AMC did not show a significant difference (p>0.05). Pre-treatment LMR level did not show a
significance difference in the exitus and alive groups (p>0.05).
Conclusion: LMR alone has low prognostic determinacy. Therefore, it should be evaluated with other prognostic determinants.
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ÖZ
Amaç: Yaygın büyük B hücreli lenfomada (YBBHL) rituksimab ile birlikte tam yanıt ve sağkalım oranlarının artmasına rağmen hastaların yaklaşık
%30’u nüks veya dirençli hastalık ile karşı karşıyadır. Nüks ve dirençli hastalığın belirlenebilmesi için uluslararası prognostik indeks (UPİ) en yaygın
kullanılan metottur. Son zamanlarda UPİ yerine veya birlikte kullanılabilecek lenfosit monosit oranı (LMO) YBBHL hastalarında klinik sağkalımı
tahmin etmek için etkili bir prognostik faktör olarak önerilmiştir.
Gereç ve Yöntem: 2012-2020 yılları arasında merkezimizde YBBHL tanısı konulan 223 hasta çalışmaya dahil edildi. Hastaların dosyalarından yaşı,
cinsiyeti, mutlak lenfosit sayısı (MLS), mutlak monosit sayısı (MMS), takip süresi kaydedildi. Hastalar ölüm ve yaşam grubu olarak ikiye ayrıldı. MLS
MMS’ye bölünerek LMO hesaplandı.
Bulgular: Tanı anındaki medyan yaş 58 idi. MLS medyan 1,5x103/uL, MMS medyan 0,6x103/uL, LMO medyan 2,6 olarak saptandı. Medyan takip
süresi 53 ay oldu. Beş yıllık genel sağkalım ve ilerlemesiz sağkalım sırasıyla %78 ve %69 olarak gerçekleşti. Ölüm grubunda hastaların yaşı yaşam
grubundan anlamlı olarak daha yüksekti (p<0,05). Ölüm grubunda tedavi öncesi ve tedavi sonrası MLS yaşam grubundan anlamlı olarak daha
yüksekti (p<0,05). Ölüm ve yaşam grubunda tedavi öncesi MMS açısından anlamlı farklılık görülmedi (p>0,05). Ölüm ve yaşam grubunda tedavi
öncesi LMO değerinde anlamlı (p>0,05) farklılık görülmedi.
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Sonuç: LMO’nun tek başına prognostik belirleyiciliği düşüktür. Bu nedenle diğer prognostik belirteçlerle birlikte değerlendirilmelidir.
Anahtar Kelimeler: Yaygın büyük B-hücreli lenfoma, mutlak lenfosit sayısı, mutlak monosit sayısı, lenfosit monosit oranı

Introduction

Statistical Analysis

Diffuse large B cell lymphoma (DLBCL) is the most common
type of aggressive non-Hodgkin lymphoma1. The median
survival is less than one year in untreated patients2. Rituximab
plus cyclophosphamide, vincristine, and prednisolone
(R-CHOP) are the standard treatment for DLBCL and have a
complete response rate of 70-90%3,4. However, approximately
30% of the patients face with relapse and refractory disease5.
Prognostic evaluation is required to estimate patients with a
relapse potential and high risk of refractory disease in DLBCL.
For this purpose, prognostic factors such as international
prognostic index (IPI), post-treatment positron emission
tomography/computed tomography (PET/CT) and early interim
evaluation, gene expression profile, Ki-67 proliferation index
are used6-9. On the other hand, most of these methods are
expensive and difficult to interpret. Therefore, there is a need
for new methods that are inexpensive and easily accessible and
interpreted by everyone. Recently, several studies have shown
that the ratio of absolute lymphocyte/monocyte count (LMR)
at diagnosis, which is obtained from a complete blood count,
can predict clinical outcome in DLBCL10,11.

Mean, standard deviation, median, minimum, maximum value,
frequency and percentage were used for descriptive statistics.
The distribution of variables was checked with the KolmogorovSmirnov test. The Mann-Whitney U test was used for the
comparison of quantitative data. The Wilcoxon test was used
for the repeated measurement analysis. The chi-square test
was used for the comparison of the qualitative data. Statistical
Package for the Social Sciences 27.0 was used for statistical
analyses. Values of p<0.05 were considered significant.

In this study, we aimed to demonstrate the efficiency of LMR
in determining relapse and refractory cases and its usability
with or without other prognostic determinants.

MATERIALS AND METHODS
The data from 223 adult patients with DLBCL, who were
initially treated with R-CHOP at our hospital between 2012
and 2020, were retrospectively analyzed. A total of 27 patients
were diagnosed with recurrent or primary refractory DLBCL. As
a salvage therapy rituximab-ifosfamide, carboplatin, etoposide
(R-ICE), rituximab-cisplatin, cytarabine, dexamethasone
(R-DHAP), rituximab-bendamustine (R-Benda) were used,
and afterwards autologous stem cell transplantation was
performed. Laboratory levels were evaluated before starting
R-CHOP chemotherapy. Diagnostic examinations of the
patients were performed in our center. Laboratory results
from the external center were not taken into consideration.
Absolute lymphocyte count (ALC) and absolute monocyte
count (AMC) were obtained from the complete blood count.
LMR was calculated by using the ratio of ALC to AMC.
Bezmialem Vakıf University Ethics Committee approval was
obtained from the Non-interventional Clinical Research Ethics
Committee, with the protocol number of 20/380 and date of
01.12.2020.
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RESULTS
Two hundred twenty three patients diagnosed with DLBCL and
treated with R-CHOP protocol were analyzed retrospectively in
our center. The demographic characteristics of the patients are
summarized in Table 1. The median age at diagnosis was 58
years (range: 17-89). The median ALC was 1.5 (range: 0.2-61.3)
x 103/µL, the median AMC was 0.6 (range: 0.1-8.9) x 103/µL, and
the median LMR was 2.6 (range: 0.3-64.1). The median followup duration was 53 (range: 5-105) months.
Five-year overall survival (OS) and progression-free survival
(PFS) were 78% and 69%, respectively. The median age of the
patients in the exitus group was significantly higher than in the
alive group (p<0.05) (Figure 1).
The gender distribution in neither exitus nor alive group did not
differ significantly (p>0.05) (Table 2). Pre and post-treatment
Table 1. Baseline patient characteristics
Age

Min-Max Median

Mean±SD

17.0-89.0

57.0±16.2

58.0

Female

114
(51.1)

Male

109
(48.9)

Gender
ALC (µL)

0.2-61.3

1.5

2.02±4.30

AMC (µL)

0.1-8.9

0.6

0.72±0.69

LMR

0.3-64.1

2.6

3.23±4.58

Mortality
Followup time
(month)

n (%)

(-)

147
(65.9)

(+)

76 (34.1)
5-105

53.0

41.7±15.4

ALC: Absolute lymphocyte count, AMC: Absolute monocyte count, LMR: Lymphocte/
monocyte ratio, SD: Standard deviation, Min-Max: Minimum-maximum
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ALC values were significantly higher in the exitus group than in
the alive group (p<0.05) (Figure 2).
In the alive group, ALC decreased significantly (p<0.05) after
the treatment compared to pre-treatment results. In the exitus
group, ALC decreased significantly (p<0.05) after the treatment
compared to pre-treatment. The decrease in ALC after the
treatment in the exitus group was significantly higher than in

the alive group (p<0.05) (Table 2). Pre-treatment AMC did not
show a significant difference in both groups (p>0.05). Posttreatment AMC in the exitus group was significantly higher than
in the alive group (p<0.05). Post-treatment AMC in both groups
did not show a significant change compared to pre-treatment
status (p>0.05). The change in AMC after the treatment was
not significantly (p>0.05) different between the exitus and alive
groups (Table 2) (Figure 3).
Pre-treatment LMR level did not show a significant difference
in the exitus and alive groups (p>0.05). Post-treatment LMR
in the exitus group was significantly higher than in the alive
group (p<0.05). Post-treatment LMR in the alive group showed
a significant decrease compared to pre-treatment levels
(p<0.05). Post-treatment LMR in the exitus group did not
show a significant difference compared to pre-treatment levels
(p>0.05). Post-treatment LMR change was not significantly
(p>0.05) different between both groups (Table 2) (Figure 4).

DISCUSSION

Figure 1. Age and mortality relationship in diffuse large-Bcell lymphoma patients

The most critical point in the management of DLBCL is to
identify patients with high risk of relapse and refractory
disease with standard therapy. For that purpose, IPI is the
most commonly used prognostic index to predict the results
in naive and relapsed/refractory DLBCL. Many studies have
shown the prognostic importance of IPI during relapsed/

Table 2. Comparison of ALC, AMC and LMR of mortality and non-mortality groups before and after treatment
Mortality (-)
Mean±SD
Age
Gender

Mortality (+)
n (%)

53.59±15.84

Median

Mean±SD

56.0

63.74±14.92

n (%)

Median
66.0

Female

76 (51.7)

38 (21.6)

Male

71 (48.3)

38 (21.6)

p
0.000

m

0.810

x²

ALC (µL)
Before treatment

1.87±1.86

1.6

2.30±6.93

1.3

0.043

m

After treatment

1.46±0.78

1.3

1.60±4.35

0.8

0.000

m

Before/after difference

-0.41±1.85

-0.3

-0.70±3.34

-0.5

0.043

m

Intra group difference

0.000

w

0.000

w

Before treatment

0.74±0.79

0.6

0.68±0.44

0.5

0.587

m

After treatment

0.69±0.27

0.7

0.64±0.58

0.5

0.002

m

Before/after difference

-0.05±0.79

0.1

-0.04±0.65

-0.1

0.106

m

Intra group difference

0.077

w

0.345

w

Before treatment

3.48±5.47

2.7

2.75±1.87

2.3

0.285

m

After treatment

2.22±1.20

1.9

2,66±3.11

1.6

0.049

m

Before/after difference

-1.26±5.52

-0.6

-0.09±3.34

-0.4

0.398

m

Intra group difference

0.000

w

0.133

w

AMC (µL)

LMR

: Mann-Whitney U test, x²: Chi-square test, w: Wilcoxon test.

m

ALC: Absolute lymphocyte count, AMC: Absolute monocyte count, LMR: Lymphocte/monocyte ratio, SD: Standard deviation
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Figure 2. Absolute lymphocyte count and mortality
relationship in diffuse large-B-cell lymphoma patients
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Figure 4. Lymphocte/monocyte ratio and mortality
relationship in diffuse large-B-cell lymphoma patients
LMR: Lymphocte/monocyte ratio

Figure 3. Absolute monocyte count and mortality
relationship in diffuse large-B-cell lymphoma patients
refractory DLBCL12,13. In addition to this, it has been reported
that IPI is less predictive and less beneficial during rituximab14.
Therefore, some previous studies have shown that LMR could
be a useful prognostic determinant for survival in DLBCL in
order to demonstrate whether LMR improves predictive value
in calculating the risk of patients with DLBCL15-18. ALC is a
representative determinant of host immunity and AMC tumor
microenvironment. Thus, LMR is a predictive biomarker for
clinical outcomes in DLBCL19. However, one limitation point for
LMR at initial diagnosis is that it cannot evaluate the host/
tumor interaction during treatment19.
Bento et al.20 established the cut-off levels as 1.1 µL for ALC,
0.79 µL for AMC, and 2.25 for LMR in their study and emphasized
that low LMR predicted both shorter PFS and also OS. In another
study, Katoh et al.21 found it statistically significantly longer for
2-year OS and PFS among patients with low (<2.6) and high
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LMR (>2.6) for patients with relapse/refractory DLBCL (79.4%
vs. 22.4%; p<0.001 and 68.9% vs 0%; p<0.001). In addition,
a low LMR was found in patients with primary resistance for
recurrent diseases poor 2-year OS and PFS was predicted21. In
our study, the median levels of ALC, AMC, and LMR were 1.6 µL,
0.6 µL, and 2.7, respectively. Contrary to previous studies15-17,
pre-treatment and post-treatment ALC in the exitus group
was significantly higher than in the alive group (p<0.05). The
decrease in ALC after the treatment in the exitus group was
significantly higher than in the alive group (p<0.05) (Table 2).
Pre-treatment AMC did not show a significant difference neither
in both groups (p>0.05). Post-treatment AMC in the exitus group
was significantly higher than in the alive group (p<0.05) (Table
2). Pre-treatment LMR did not show a significant difference in
both groups (p>0.05). Post-treatment LMR level in the exitus
group was significantly higher than in the alive group (p<0.05).
Post-treatment LMR change did not differ significantly in both
groups (p>0.05) (Table 2).
However, there are a few limitations of using only LMR to
determine patient prognosis. The survival outcomes of patients
are not affected only by the immune system, but also by
the specific characteristics of some tumors such as precise
genetic mutations, pathology of tumors, and tumor size22,23.
Chemotherapy or radiotherapy could affect the function of
the immune cells24-26. But the most importantly, count and
functions of lymphocytes or monocytes could be regulated by
tumor cells27. Therefore, LMR alone is probably not a perfect
predictor of patients’ clinical survival.
Similar to LMR, neutrophil-lymphocyte ratio (NLR) obtained
from complete blood count can also be used to determine
prognosis. Demircioglu et al.28 showed that NLR was associated
with IPI and disease stage.
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Our study has some limitations. The predictive value for OS
and PFS, and the dynamic change of ratio during therapy,
progression or relapse should also be confirmed in a larger
population and at longer follow-up duration. Regular complete
blood count should be performed to determine whether
effective treatment will improve ALC and AMC.

CONCLUSION
In our study, contrary to previous studies, no significant
effect of LMR on survival was detected. Therefore, LMR
should be evaluated together with factors such as IPI, LDH,
Ki-67 proliferation index, and PET/CT. A larger patient group is
needed to obtain more effective data.
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