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Abstract

Background and objective: During routine follow up, there is no specific
predictor to ascertain relapse after standard first line chemotherapy in diffuse
large cell lymphoma. Therefore, this study was designed to assess the prog-
nostic significance of the ratio between absolute lymphocyte and monocyte
counts (LMR) in the peripheral blood to verify relapse in diffuse large B cell
lymphoma. Patients and methods: A total of 139 patients with newly diag-
nosed diffuse large B cell lymphoma (DLBCL) were evaluated and treated
with CHOP or R-CHOP between the years 2009 and 2016. Three months fol-
lowing completion of first line therapy, Lymphocyte/monocyte ratio (LMR)
was calculated from the routine automated complete blood cell count (CBC)
attained a plateau after the bone marrow recovery after first line chemothe-
rapy. The absolute lymphocyte count/absolute monocyte count ratio (LMR)
was calculated by dividing the ALC by the AMC. Results: ROC curve analysis
of 139 patients established 2.8 as cutoff point of LMR for relapse with AUC of
0.97 (95% CI 0.93 - 0.99, P < 0.001). Cox regression analysis was performed to
identify factors predicting relapse. In univariate regression analysis, ALC
(95% CI 0.003 - 0.03, p < 0.001), AMC (95% CI 15.4 - 128.8, p < 0.001), LMR
(95% CI 0.001 - 0.01, p < 0.001), and LDH (95% CI 0.1 - 0.5, p < 0.001) fol-
lowing completion of therapy are significant factors for relapse. Other signif-
icant factors for relapse are Ann Arbor stage (95% CI 1.1 - 6.9, P = 0.03),
extranodal sites (95% CI 1.2 - 6.1, P = 0.01), age (95% CI 1.3 - 6.5, P = 0.01)
and treatment of CHOP protocol (95% CI 0.05 - 0.6, P = 0.007). In a multiva-
riate analysis LMR following completion of therapy was predictive for relapse
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(95% CI0.001 - 0.2, P = 0.005). ALC was also significant in multivariate anal-
ysis (95% CI 0.01 - 0.8, P = 0.03). LDH following completion of therapy (95%
CI 0.2 - 14.9, P = 0.5), AMC following completion of therapy (95% CI 0.3 -
43.1, P = 0.3), age (95% CI 0.9 - 205.4, P = 0.06), extra-nodal sites (95% CI
0.04 - 9.8, P = 0.8), Ann Arbor stage (95% CI 0.3 - 28.7, P = 0.3), and Treat-
ment of CHOP protocol (95% CI 0.01 - 2.4, P = 0.2) were not statistically sig-
nificant. Conclusion: This study observed that LMR assessed after first line
chemotherapy during routine follow up is an independent predictor of re-
lapse and clinical outcome in DLBCL patients. LMR at follow up can be used
a simple inexpensive biomarker to alert clinicians for relapse during follow up
after standard first line chemotherapy in DLBCL patients.
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Diffuse Large B Cell Lymphoma, Absolute Lymphocyte Count/Absolute
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1. Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common subtype of lym-
phoid neoplasm as it represents 25% - 30% of all newly diagnosed cases of adult
Non-Hodgkin lymphoma (NHL) [1]. Although it is an aggressive type of lym-
phoma, it is potentially curable.

The routine addition of rituximab therapy improved the overall survival of
patients with DLBCL. However, approximately one-third of the patients develop
relapsed/refractory disease that remains a major cause of morbidity and mortal-
ity [2].

Clinical outcome in DLBCL patients treated with standard therapy is assessed
by risk factors before treatment implementation, such as the international prog-
nostic index (IPI) [3], Immunohistochemistery-based detection [4] [5] or gene
expression profiling [6] [7].

Immunodeficiency is one of the strongest risk factors of non-Hodgkin lym-
phoma [8]. Gene-expression profiling (GEP) studies showed a relationship be-
tween lymphoma biology and the host immune system, and suggested that gene
signatures related to nonmalignant tumor microenvironment played an impor-
tant role in the clinical outcomes of patients with NHL [9] [10] [11].

In spite of the fact that specific gene signatures of host immunity can predict
prognosis of DLBCL patients, it is impractical for application on routine basis
due to coast and technical limitation. Therefore, a large number of studies have
therefore focused on the search for surrogate biomarkers which are immunolog-
ically relevant and can serve as prognostic factors [11] [12] [13].

During follow up after standard therapy in DLBCL, lactic dehydrogenase
(LDH) is an inexpensive factor that helps to identify patients who might require
further evaluation for relapse. LDH has been reported to have a sensitivity of
42% and a specificity of 85% to predict relapse during follow-up [14].
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Absolute lymphocyte count/absolute monocyte ratio (ALC/AMC ratio) is
simple biomarker combining an estimate of host immune homeostasis and tu-
mor microenvironment. Recently, ALC/AMC ratio at diagnosis was shown to be
independent prognostic indicator in DLBCL [15] [16] [17].

During routine follow up, there is no specific predictor to ascertain risk for
relapse after standard first line chemotherapy. Therefore, this study was de-
signed to assess the prognostic significance of the ratio between absolute lym-
phocyte and monocyte counts (ALC/AMC ratio) in the peripheral blood to veri-
fy relapse in diffuse large B cell lymphoma.

2. Patients & Methods

This is retrospective study was conducted in clinical oncology & nuclear medi-
cine, Mansoura University between the years 2009 and 2016. A total 139 patients
with newly diagnosed diffuse large B cell lymphoma (DLBCL) who were eva-
luated and treated with CHOP (cyclophosphamide, hydroxydaunorubicin, vin-
cristine, prednisone) or R-CHOP (rituximab-cyclophosphamide, hydroxydau-
norubicin, vincristine, prednisone).

We excluded patients with primary DLBCL central nervous system lympho-
ma, transformed NHL, positive human immunodeficiency virus, who underwent
upfront autologous stem cell transplantation during first line treatment or pro-

gressed during standard first line chemotherapy or lost follow up.

2.1. Study Objective

The primary aim of the study was to assess the ability of the LMR after comple-
tion of first-line therapy to predict relapse of DLBCL. We also evaluated whether
the LMR affected overall survival (OS) and disease-free survival (DES); we per-
formed a landmark analysis commencing 3 months after completion of chemo-
therapy when the patients were in complete remission which was confirmed by
CT scans.

Following completion of first line therapy, we calculated LMR from the rou-
tine automated complete blood cell count (CBC) attained a plateau after the
bone marrow recovery after first line chemotherapy. In our routine follow up
CBC was done after 3 months after completion of chemotherapy. Therefore, we
used the LMR data from the 3-month follow-up visits.

The absolute lymphocyte count/absolute monocyte count ratio (LMR) was
calculated by dividing the ALC by the AMC.

Response and relapse criteria were based on the criteria from the International
Harmonization Project [18]. Overall survival (OS) was measured from the day
following completion of first-line therapy until the date of death from any cause,
or date of the last follow-up. Disease free survival (DFS) measured from the day
following completion of first-line therapy until the date of first lymphoma re-
lapse, death from any cause, or date of the last follow-up.

Follow-up procedures usually included a physical examination, blood tests
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(LDH, CBC) and CT scans to monitor the disease status every 3 months in the
first year, and every 6 months for 2 years then once a year in our hospitals.

Other prognostic factors tested in the study included lactate dehydrogenase
(LDH) at 3 months after completion of chemotherapy when the patients were in
complete remission, IPI at the time of diagnosis [age < 60 vs. = 60 years, Ann
Arbor stage (III/IV vs. I/II), Eastern Cooperative Oncology Group performance
status (ECOG PS) (<1 vs. >1), LDH (>normal vs. normal) and number of extra

nodal sites (ENS) involved (<1 vs. >1)] were utilized.

2.2, Statistical Analysis

All statistical analyses were performed using SPSS statistical software (version
21). Receiver operating characteristic (ROC) curve analysis was used to deter-
mine the optimal LMR cutoffs yielding the maximal combined sensitivities and
specificities.

Correlations of the ALC, AMC, and LMR with clinical parameters were eva-
luated using the chi-square or Fisher’s exact test. OS and PFS were analyzed us-
ing Kaplan-Meier curves, which were compared using the log-rank test. Cox re-
gression model was applied in both univariate and multivariate analyses to
prognostic variables to predict relapse. Categorical variables were compared us-

ing the chi-square test. P value of <0.05 was considered statistically significant.

3. Results

3.1. Patient Characteristics

Retrospectively, we analyzed data of a total 139 DLBCL patients in this study.
The median age was 48 years (range 21 - 67 years). There were 82 male and 57
female. 82% of patients had ECOG performance status 0 - 1. 67.6% of patients
presented with III - IV stage. 25.2% of patients had 0 - 1 IPI and 78.4% of pa-
tients had 2 - 3 IPL. 25.2% of patients received R-CHOP protocol. The median
absolute lymphocyte count following completion of first line therapy was
1290/ul (interquartile range 770 - 1870). The median absolute monocyte counts
390/ul (interquartile range 200 - 680). Median LMR was 3.8 (range 1.3 - 6). The
baseline characteristic for these patients is presented in Table 1.

Median follow up was 48 months (range 16 - 84 months). Among 139 pa-
tients, 39 patients (28.1%) had relapsed disease. Early relapse defined as relapse
occurred less than 12 month.

Fourteen patients (10.07%) showed early relapsed disease with median LMR
1.7 (range 1.3 -2.1).

3.2. Cut off Values for the ALC, AMC, and LMR as Marker for
Relapse

The choice of the best cutoff in predicting relapse was selected by receiver oper-
ating characteristic (ROC) curves and calculated areas under the curves (AUCs).
The most discriminative cutoff value of ALC was 1170 cells/UL with AUC of
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0.94 [95% CI 0.9 - 0.99, P < 0.001) (Figure 1(a)). AMC was 445 cells/UL with
AUC of 0.91 [95% CI 0.86 - 0.96, P < 0.001) (Figure 1(b)). ROC curve analysis
of 139 patients established 2.8 as cutoff point of LMR for relapse with AUC of
0.97 [95% CI 0.93 - 0.99, P < 0.001) (Figure 1(c)).

Table 1. Patient characteristic.

Characteristics Number %
Age (years
ge (years) 48 (21 - 67)
Median (range)
Sex
Male 82 59%
Female 57 41%
ECOG PS
0 40 28.8%
1 74 53.2%
2 25 18%

Number of extra-nodal sites

0 63 45.3%
1 57 41%
2 19 13.7%
Stage
1 4 2.9%
2 41 29.5%
3 63 45.3%
4 31 22.3%
IPI
0 15 10.8%
1 20 14.4%
2 40 28.8%
3 55 39.6%
4 8 5.8%
5 1 0.7%
Treatment
R-CHOP 35 25.2%
CHOP 104 74.8%

Following the completion of therapy
Median (Range).

Absolute lymphocyte count 1290 (770 - 1870)
Absolute monocyte count 390 (200 - 680)
Lymphocyte Monocyte ratio 3.8(1.3-6)

LDH following completion of therapy
Normal 91 65.5%
>Normal 48 34.5%

State of disease
Free (not relapsed) 100 71.9%
Relapsed 39 28.1%

ECOG Eastern Cooperative Oncology Group, PS performance status, IPI International Prognostic Index,
LDH lactate dehydrogenase.
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Figure 1. (a) Receiver operating characteristic (ROC) curve of absolute lymphocyte count as a marker for
relapse. (b) Receiver operating characteristic (ROC) curve of absolute monocyte count as a marker for

relapse.

(c) Receiver operating characteristic (ROC) curve of lymphocyte monocyte ratio (LMR) as a

marker for relapse.

3.3. Comparison of Patients’ Characteristic with LMR of <2.8 and
22.8

Clinical characteristic of the patients (n = 139) with LMR > 2.8 and <2.8 are
presented in Table 2. Forty two patients (30.2%) had LMR < 2.85 and ninety
seven patients (69.8%) had LMR > 2.8. A lower LMR < 2.8 was significantly cor-
related with higher ECOG performance status (p = 0.01), most of those patients
received CHOP protocol (p = 0.005), lower ALC following completion of thera-
py (p < 0.001), higher AMC following completion of therapy (p < 0.001), more
extra-nodal site (p = 0.001), higher IPI score (p < 0.001) and higher LDH level (p
<0.001) following completion of therapy.
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Table 2. Comparison of patient characteristics with lymphocyte monocyte ratio (LMR) of
>2.85 and <2.85.

Characteristics LMR < 2.8 (n =42) LMR>2.8 (n=97) P value
Age (years)
<60 28 (66.7%) 78 (80.4%) 0.08
=60 14 (33.3%) 19 (19.6%)
Sex
Male 26 (61.9%) 56 (57.7%) 0.64
Female 16 (38.1%) 41 (42.3%)
ECOG PS
0 6 (14.3%) 34 (35.%1) 001
1 24 (57.1%) 50 (51.5%) ’
2 12 (28.6%) 13 (13.4%)
Extra-nodal sites
>1 10 (23.8%) 53 (54.6%) 0.001*
<1 32 (76.2%) 44 (45.4%)
Ann Arbor stage
I 1(2.4%) 3(3.1%)
II 7 (16.7%) 34 (35.1%) 0.086
II1 23 (54%.8) 40 (41.2%)
v 11 (26.2%) 20 (20.6%)
IPI
0 1(2.4%) 14 (14.4%)
1 1(2.4%) 19 (19.6%)
2 11 (26.2%) 29 (29.9%) <0.001*
3 21 (50%) 34 (35.1%)
4 7 (16.7%) 1 (1%)
5 1(2.4%) 0 (0.0%)
Treatment
R-CHOP 4(9.5%) 31 (32%) 0.005
CHOP 38 (90.5%) 66 (68%)
Following completion of
therapy
ALC 1025 (770 - 1430) 1320 (1100 - 1870) <0.001*
AMC 490 (280 - 680) 310 (200 - 650) <0.001*
Following completion of
therapy LDH
Normal 16 (38.1%) 75 (77.3%)
<0.001*
>Normal 26 (61.9%) 22 (22.7%)
State of disease
Follow up 5(11.9%) 95 (97.9%)
Relapsed 37 (88.1%) 2 (2.1%) <0.001*

ECOG Eastern Cooperative Oncology Group, PS performance status, IPI International Prognostic Index,
LDH lactate dehydrogenase.

3.4. Relapse Rate by Prognostic Factors

Relapse rate was higher in patients with LMR < 2.8, ALC < 1170, AMC = 445
and higher LDH after completion of chemotherapy (94.9% P < 0.001, 84.6% P <
0.001, 79.5% p < 0.001, 59% p < 0.001 respectively). Also, the relapse rate was
higher in patients with (=1) number of extra-nodal sites (71.8% p = 0.01), stage
III-IV (82% p = 0.02), CHOP protocol (92.3% p = 0.003) and IPI > Iscore
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(94.9% p = 0.001). However ECOG performance did not differ significantly be-
tween the two groups (Table 3).

3.5. Prognostic Factors Predict Relapse

Cox regression analysis was performed to identify factors predicting relapse. In
univariate regression analysis, ALC (OR 0.01, 95% CI 0.003 - 0.03, p < 0.001),
AMC (OR 44.5, 95% CI 15.4 - 128.8, p < 0.001), LMR (OR 0.003, 95% CI 0.001 -
0.01, p < 0.001), and LDH (OR 0.23, 95% CI 0.1 - 0.5, p < 0.001) following com-
pletion of therapy are significant factors for relapse. Other significant factors for
relapse are Ann Arbor stage (OR 2.8, 95% CI 1.1 - 6.9, p = 0.03), extranodal sites
(OR2.8,95% CI'1.2 - 6.1, p = 0.01), age (OR 2.8,95% CI 1.3 - 6.5, p = 0.01) and
treatment of CHOP protocol (OR 0.18, 95% CI 0.05 - 0.6, p = 0.007) (Table 4).

Table 3. Prognostic factors for predicting relapse.

State of disease

No relapse relapsed P
No % No %
LMR 5 5.0% 37 94.9%
<2.8 <0.001
>2.8 95 95.0% 2 5.1%
ALC 5 5.0% 33 84.6%
<1170 <0.001
>1170 95 95.0% 6 15.4%
AMC 92 92.0% 8 20.5%
<445 <0.001
=445 8 8.0% 31 79.5%
LDH 75 75.0% 16 41.0%
Normal <0.001*
>normal 25 25.0% 23 59.0%
ECOG 86 86% 28 71.8%
<1 0.08
2 14 14% 11 28.2%
Number of extra-sites 52 52% 11 28.2%
<1 0.01*
>1 48 48% 28 71.8%
Stage 38 38% 7 18%
Stage I-1I 0.02*
Stage III-IV 62 62% 32 82%
IPI2 33 33% 2 5.1%
<1 0.001*
>1 67 67% 37 94.9%
Treatment 32 32.0% 3 7.7%
R-CHOP 0.003
CHOP 68 68.0% 36 92.3%
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In a multivariate analysis LMR following completion of therapy was predictive
for relapse (OR 0.01, 95% CI 0.001 - 0.2, p = 0.005). ALC was also significant in
multivariate analysis (OR 0.1, 95% CI 0.01 - 0.8, p = 0.03). LDH following com-
pletion of therapy (OR 1.9, 95% CI 0.2 - 14.9, p = 0.5), AMC following comple-
tion of therapy (OR 3.7, 95% CI 0.3 - 43.1, p = 0.3), age (OR 13.3,95% CI 0.9 -
205.4, p = 0.06), extra-nodal sites (OR 0.7, 95% CI 0.04 - 9.8, p = 0.8), Ann Ar-
bor stage (OR 3.1, 95% CI 0.3 - 28.7, p = 0.3), and Treatment of CHOP protocol
(OR0.12, 95% CI 0.01 - 2.4, p = 0.2) were not statistically significant as shown in
Table 4.

3.6. Survival Analysis

Disease free survival (DFS) and overall survival (OS) were analyzed according to
LMR. After median follow up 48 months (range 16 - 84 months). There is sig-
nificantly difference in DFS between LMR > 2.8 and LMR < 2.8 (p < 0.001*).
Median DFS 15 month (range 6 - 37 month) in patients with LMR < 2.8 in con-
trast to patients with LMR > 2.8 median DFS 37 month (range 13 - 86 month)
Figure 2.

The median overall survival were also significantly longer for patients with
LMR > 2.8 when compared with those patients LMR < 2.8 (median OS 43
months versus 31 months respectively) p < 0.001* Figure 3.

Table 4. Logistic regression univariate and multivariate analysis for relapse.

Univariate Multivariate
Variable analysis analysis
OR (95% CI) P-value OR (95% CI) P value
Sex 1.2 (0.5 - 2.5) 0.7 0.9 (0.1 - 6.6) 0.9
Age > 60 2.8(1.3-6.5) 0.01 13.3 (0.9 - 205.4) 0.06
ECOGPS>1 2.4 (0.98 -5.9) 0.06 0.2 (0.01 -3.1) 0.2
Extranodal sites > 1 2.8(1.2-6.1) 0.01 0.7 (0.04 - 9.8) 0.8
Ann arbor
2.8(1.1-6.9) 0.03 3.1(0.3-28.7) 0.3
stage III-IV
Treatment CHOP 0.18 (0.05 - 0.6) 0.007 0.12 (0.01 - 2.4) 0.2
ALC< 1170
after compleletion of 0.01 (0.003 - 0.03) <0.001 0.1 (0.01 -0.8) 0.03
therapy
AMC > 445
after compleletion of 44.5 (15.4 - 128.8) <0.001 3.7 (0.3-43.1) 0.3
therapy
LMR < 2.85
after compleletion of 0.003 (0.001 - 0.01) <0.001 0.01 (0.001 - 0.2) 0.005
therapy
LDH > Normal
after compleletion of 0.23 (0.1 - 0.5) <0.001 1.9 (0.2 - 14.9) 0.5

therapy
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Figure 2. Disease free survival according Lymphocyte monocyte ratio (LMR).
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Figure 3. Overall survival according lymphocyte monocyte ratio (LMR).

4. Discussion

In spite of addition of anti-CD 20 monoclonal antibody rituximab in treatment
of diffuse large B cell lymphoma, significant percentage of patients relapsed and
that remain a major cause of mortality and morbidity [19].

The main objective of follow-up is to detect early relapse in order to improve
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outcome. Long term follow up according to the clinical indications or every 3 - 6
months in patients with DLBCL was currently recommended by the National
Comprehensive Cancer Network [20]. Moreover, follow-up every 3 months for 1
year, every a half year for two years and afterward once per year in NHL patients
was recommended by the European Society of Medical Oncology [21].

Careful history, physical examination and good clinical judgment are the most
important items in monitoring patients after treatment [18]. More than 80% of
relapse can be determined by patients or physicians, so regular surveillance CT
scans is unsatisfactory for prediction of relapse [22] [23]. Furthermore, false
positive results are frequent and unnecessary biopsies or additional scans will be
done without need [24].

In asymptomatic DLBCL patients who achieved a complete response, routine
assessment of lactic dehydrogenase is not recommended [25]. So, currently both
ESMO and NCCN recommended follow up by blood counts and repeating CT
scans only when clinically indicated [26].

Clinical outcome in DLBCL patients are assessed by risk factors identified be-
fore treatment [3] [4] [5] [6] [7]. During routine follow up, lymphopenia was
found to be a risk factor for predicting relapse in DLBCL patients [6] [16].

Recently, gene expression profiling studies in NHL stated that gene expression
by tumor-infiltrating lymphocytes and myeloid derived cells predict clinical
outcome [17] [18].

In NHL patients, Lymphocytes have an important role in immune surveil-
lance. Lymphopenia is considered a surrogate marker of host immunological
incompetence [27] [28] [29] Furthermore, lymphocytes may be required for ri-
tuximab-mediated, antibody-dependent cell mediated cytotoxicity-dependent
destruction of malignant B cells. Accordingly, lymphopenia is an adverse prog-
nostic factor in indolent and aggressive NHL, including DLBCL [30].

Tumorigenesis and angiogenesis were promoted by myeloid-lineage cells, in-
cluding monocytes and their progeny [29], These cells lead to the suppression of
antitumor immunity and then, development of neutrophilia or monocytosis in
the peripheral blood which are considered adverse prognostic factors in multiple
solid tumors [30] [31] [32].

The LMR biomarker reflects the status of both immune homeostasis and the
tumor microenvironment after treatment. LMR was shown to be an independent
prognostic marker in patients with DLBCL patients [33].

In the current study, the choice of best cutoff values of ALC, AMC and LMR
following completion of first line chemotherapy as markers for relapse were de-
termined by constructed ROC curves and calculated area under curves. A low
LMR (<2.8) following completion of first line chemotherapy was significantly
correlated with relapse in univariate and multivariate analysis. The increased
risk of relapse could be the result of either, failure of immune surveillance lead-
ing to clinical relapse or primary relapse produce mediators of immune suppres-

sion expressed as a decrease in ALC and a elevate in AMC.
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Li et al 2014 retrospectively analyzed blood lymphocyte/monocyte ratio dur-
ing routine follow up after standard first line chemotherapy (CHOP or
R-CHOP). Patients with an ALC/AMC ratio (<2.8) had a higher cumulative ha-
zard rate of relapse compared with those had ALC/AMC ratio = 2.8 (p < 0.001)
[34]. Also, Zhou et al 2017 stated that Low lymphocyte/monocyte ratio < 2.9
was significantly correlated with early relapse in both univariate and multivariate
analysis [26]. Our result was in accordance with those previous studies. On the
other hand, YAMAUCHI et al 2015 reported that low lymphocytes monocytes
ratio was not predictive for disease relapse of advanced DLBCL [35].

In the present study, we observed that patients with high LMR > 2.8 after first
line chemotherapy achieved significantly better PFS and longer survival than
those with LMR. Many studies observed that low LMR is prognostic marker for
survival of diffuse large B cell lymphoma patients [15] [16] [36] [37] [38]. Fur-
thermore, an updated meta-analysis including twelve studies was performed to
assess the relation between low LMR and survival of patients with diffuse large
B-cell lymphoma. The meta-analysis stated that low LMR has adverse effect and
poor survival of patients with diffuse large B cell lymphoma [33].

5. Conclusion

The current study is retrospective with relatively low number of patients to allow
confirmation of diagnosis. So to minimize these biases we selected only patients
with de novo DLBCL treated with standard first line chemotherapy. In addition,
receiver operating characteristic curves and area under the curve were used to
determine the best ALC, AMC, LMR cutoff value. This study observed that LMR
assessed after first line chemotherapy during routine follow up is an indepen-
dent predictor of relapse and clinical outcome in DLBCL patients. LMR at follow
up can be used a simple inexpensive biomarker to alert clinicians of relapse dur-

ing follow up after standard first line chemotherapy in DLBCL patients.
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