Introduction: Despite the presence
of a prognostic risk stratification sco-
ring system for Hodgkin lymphoma
(HL), the lymphocyte-to-monocyte
ratio (LMR) is a simple and low-cost
test that has been investigated as
a prognostic marker to evaluate the
clinical course and survival outcomes.
Material and methods: We prospec-
tively enrolled 92 patients with classi-
cal HL (CHL), who were diagnosed and
treated in the period from April 2017 to
April 2020. Lymphocyte monocyte ratio
cut-off values were estimated using re-
ceiver operating characteristic curves.
Results: We found that patients with
LMR < 1.4 at the time of diagnosis
had poorer progression-free survival
(PFS) and overall survival (0S) than
those with LMR > 1.4. Patients with
increased LMR values after the first
2 cycles of chemotherapy had bet-
ter PFS and OS; meanwhile, patients
who had low LMR after the end of
chemotherapy had poorer PFS and
OS in comparison to patients who
gained higher value after the com-
pletion of all cycles of chemotherapy.
Conclusions: A rise of LMR value indi-
cated better outcome and better sur-
vival rate, so it can be an independent
prognostic factor for survival and to
predict outcome in patients with CHL.
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Introduction

Hodgkin lymphoma (HL) is an uncommon malignancy involving lymph
nodes and the lymphatic system; it represents about 15% of all lymphomas.
The diagnosis of HL mostly has 2 peaks: the first peak is between the age of
15 and 30 years; the other peak occurs in adults aged 55 years or older [1].
There are 2 major types of HL: classic HL (CHL) and nodular lymphocyte-
predominant HL (NLPHL). Classic HL accounts for 95% while NLPHL accounts
for 5% of all HL cases [2].

There is a need to develop a new prognostic factor for HL because about
30% of patients relapse or progress after standard chemotherapy with adria-
mycin, bleomycin, vinblastine, and dacarbazine (ABVD). Lymphocytopaenia
is a well-known feature of HL, especially in advanced disease. Low absolute
lymphocyte count (ALC) is associated with worse outcomes by using differ-
ent cut-offs. Severe lymphocytopaenia is defined as an ALC of 0.63 107/,
which is one of the 7 independent factors of IPS (International Prognostic
Score) for advanced HL [3-5].

The aim of our study is to evaluate the use of the lymphocyte-to-monocyte
ratio (LMR) as a predictor of patient outcome and survival, so we can include
it as a prognostic value for risk stratification for patients with classical Hod-
gkin lymphoma.

Material and methods

This prospective cohort study was performed at Medical Oncology Depart-
ment, Clinical Oncology and Nuclear Medicine Department, Clinical Pathology
Department, and Internal Medicine Department, Zagazig University, Egypt.
The study was approved by the Ethics Committee from April 2017 to April
2020 (Ethics code: 6717).

Patient selection

We included 92 patients who were diagnosed as Hodgkin lymphoma; all
patients were aged 18 years or above with histologically proven HL classic
type. Patients were clinically staged according to the Ann Arbor Staging Sys-
tem (stage | and Il were defined as early stage, while stage Ill and IV were
defined as advanced stage) [6, 7]. Patients who received any line of chemo-
therapy before were excluded.
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License (http://creativecommons.org/licenses/by-nc-sa/4.0/)
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Diagnosis carried out either by Tru-Cut biopsy or exci-
sional biopsy from the suspected lymph node. The lym-
phocyte-to-monocyte ratio was calculated using auto-
mated complete blood cell count (CBC) data obtained
before and after 2 cycles of chemotherapy and after com-
pletion of first-line chemotherapy by dividing the lym-
phocyte-to-monocyte count. A Sysmex XN 2000 analyser
machine was used for automated CBC. Manual blood film
was done regularly for all patients with every visit as an
internal regulation in our institute, especially for haemato-
logical malignancy patients.

Treatment strategies and follow-up

Patients with early-stage disease received combined
modality in the form of chemotherapy and involved
field radiotherapy (RT) [8]. Most patients with advanced
stage received chemotherapy only. Chemotherapy reg-
imens were in the form of ABVD regimen (doxorubicin,
bleomycin, vinblastine, and dacarbazine [9]) or escalated
BEACOPP (bleomycin, etoposide, doxorubicin, cyclophos-
phamide, vincristine, procarbazine, and prednisone) af-
ter 2 cycles of ABVD [10]. The radiographic response was
assessed according to the response evaluation criteria in
solid tumours (RECIST 1.1) [11, 12].

History and physical examination were done every
4 months for the first 2 years then every 6 months until
the end of third year. Complete blood cell count, lactate de-
hydrogenase (LDH), erythrocytic sedimentation rate (ESR),
and chemistry profile were done as clinically indicated.
Thyroid-stimulating hormone was measured at least one
time annually if RT was directed to the neck. Computed
tomography (CT) scan of chest, abdomen, and pelvis were
done every 4 months for the first 2 years then biannually
for the third year [11].

Statistical analysis

The aim of the study was to determine the influence of
the initial LMR on the clinical outcome of HL patients; thus,
a receiver operating characteristic curve was constructed
to determine the cut-off point of LMR for survival (death/
survived) outcome of HL patients. Data were tested for nor-
mal distribution using the Shapiro-Wilk test. Categorical co-
variates were compared using the x? or Fisher’s exact test.
U Mann-Whitney test was used to calculate the differences
between quantitative variables in the 2 groups. The over-
all survival (0S) was calculated from the time of diagnosis
to death or the last follow-up visit (censored); meanwhile,
progression-free survival (PFS) was calculated from time of
treatment to progression or the most recent follow-up in
which patients were progression-free. Overall survival and
PFS were calculated by the Kaplan-Meier method; survival
curves were compared using the log-rank test. The Cox pro-
portional hazards model was used for univariate analysis.
Variables that were statistically significant in the univariate
analysis were included in the multivariate Cox proportion-
al hazards model. All tests were two-sided, and a p-value
< 0.05 was considered statistically significant. All statisti-
cal analyses were performed using Statistical Package for
Social Sciences (SPSS 24 Inc., Chicago, IL, USA).

Results
Patients’ characteristics

Patients’ characteristics in relation to LMR at diagnosis
after 2 cycles and at the end of chemotherapy are shown
in Table 1.

The median age was 31 years (18-63), and 56.5% were
males and 43.5% were females. Median range of LMR
at diagnosis, after 2 cycles, and at the end of chemothera-
py was 1.6 (0.5-3.9), 2.4 (0.5-4.3), and 3 (0.6-4.6), respec-
tively (Fig. 1). Baseline LMR at cut-off < 1.4 had an AUC
of 0.87 (95% Cl: 0.783-0.931) with a sensitivity of 100%
(95% Cl: 87.2-100.0%) and specificity of 72.31% (95% Cl:
59.8-82.7%) (Fig. 2).

At the time of diagnosis, low LMR < 1.4 was associat-
ed with poor prognostic factors: presence of B-symptomes,
high LDH, elevated ESR, advanced stage, and poor response
to chemotherapy. Moreover, the percentage of deaths was
increased in the low-LMR group < 1.4 (60%) in comparison
to the high-LMR group > 1.4 (40%); these percentages re-
flect the relationship between aggressiveness of the dis-
ease and low LMR.

We also noted that patients who experienced low
LMR < 1.4 after finishing 2 cycles and at the end of chemo-
therapy still had poor prognostic factors including pres-
ence of B-symptoms, high LDH, elevated ESR, advanced
stage, poor response to chemotherapy, and high mortality
rate in both groups that had LMR < 1.4 (83.9% and 83.3%,
respectively).

Conversion of LMR from low level at diagnosis to high
level and its relationship with patients’ characteristics and
outcomes are presented in Table 2.

A total of 31 out of 92 patients still had low baseline
LMR < 1.4 after the first 2 cycles and upon completion of
chemotherapy, which correlated with poor response to
chemotherapy, and high mortality rate; conversely, pa-
tients converted from low LMR < 1.4 to higher LMR > 1.4
had better response to treatment and lower mortality rate
(p-value < 0.001) for both values.

Patients with LMR < 1.4 at diagnosis had significant-
ly lower PFS and OS than those with LMR > 1.4 (Table 3,
Fig. 3 A, B). After completion of 2 cycles of treatment, pa-
tients who had LMR < 1.4 had lower PFS and OS in com-
parison to patients who had LMR > 1.4 (Table 3, Fig. 3 C, D).
Furthermore, patients with LMR < 1.4 at the end of che-
motherapy cycles had lower PFS and OS than those with
LMR > 1.4 (Table 3, Fig. 3 E, F). Consequently, we realized that
patients who still had low LMR < 1.4 after the completion
of the first 2 cycles of chemotherapy showed lower PFS and
OS compared to those who experienced higher LMR > 1.4.
After completion of chemotherapy, patients who still pre-
sented with LMR < 1.4 had inferior PFS and OS in contrast
to patients who gained higher LMR > 1.4 (Table 3, Fig. 4).

Univariate and multivariate analyses

The impact of the patients’ characteristics, other vari-
ables, and low LMR < 1.4 on PFS and OS was evaluated in
92 patients. B-symptoms, LDH, and elevated ESR were asso-
ciated with poor OS (Tables 4 and 5). Advanced stage, base-
line LMR, LMR after 2 cycles of chemotherapy, and LMR at
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Fig. 1. Box-plot diagram represents the median and range of lym-
phocyte-to-monocyte (LMR) ratio
Interim — after 2 cycles, EOT — end of therapy
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Fig. 2. Receiving operating curve of baseline lymphocyte-to-monocyte
ratio at a cut-off of < 1.4

the end of chemotherapy were significantly associated with
poor PFS and poor OS in univariate cox regression analysis
(Tables 4 and 5).

In multivariate analysis of the 92 patients who still had
low-baseline, LMR < 1.4 after the first 2 cycles of chemo-
therapy was an independent prognostic factor for OS;
meanwhile, LMR < 1.4 in the 92 patients was an indepen-
dent prognostic factor for poor PFS after completion of
chemotherapy (Tables 4 and 5).

Discussion

The relationship between LMR, patient’s immunity,
and tumour microenvironment may reflect the strong as-
sociation between its prognostic value and the survival
outcomes. At the time of diagnosis, low LMR may indi-

cate aggressiveness of the disease and poor response to
chemotherapy. Low LMR can result from low lymphocytic
count and high monocytic count; lymphopaenia is defined
as a lymphocytic count less than 0.6 x 10°/1 and is known
to be prognostic factor for HL [3, 13].

The main aim of our study is to prove the prognostic
significance of LMR in patients with classical HL before
the start of chemotherapy, after 2 cycles, and at the end
of chemotherapy with optimal cut-off value. To our knowl-
edge, this is the first study to assess the response to che-
motherapy at the baseline, after 2 cycles, and at the end of
treatment, in relation to OS and PFS.

We found that patients with low LMR at diagnosis had
significantly lower PFS and OS than those with higher LMR.
Interestingly, after completion of 2 cycles of treatment,
we found that patients who attained higher LMR had im-
proved PFS and OS in comparison to patients who still had
low LMR. Nevertheless, the same findings were observed
in the group of patients who achieved high LMR at the end
of chemotherapy compared to low level at either baseline
or after 2 cycles with an LMR cut-off value of 1.4.

Our results are consistent with the results of Porrata
et al., who mentioned that patients with an ALC/AMC
(absolute monocytic count) ratio > 1.1 during the treat-
ment at any cycle had better OS and PFS compared to
patients with ALC/AMC ratio < 1.1 during all cycles of
chemotherapy [14]. Also, they agree with the results
of the previous studies that reported that patients in
whom ALC recovered during and after treatment of acute
lymphoblastic leukaemia [15], acute myelogenous leukae-
mia [16], and NHL [17] had better prognosis and survival,
which denotes that the host immune status might be the
incorporated factor that has a direct effect on the survival
and prognosis of patients.

In our study, lower LMR < 1.4 at diagnosis was asso-
ciated with poorer prognostic factors including presence
of B-symptoms, high LDH, elevated ESR, advanced stage,
and poor response to chemotherapy. This is in accordance
with the result of Porrata et al., who informed that ALC/
AMC has predictive and prognostic value for high-risk and
advanced-stage patients [18].

Several studies were carried out with different cut-off
values of LMR to predict the outcome in patients with NHL
as mentioned by Tadmor et al. with a cut-off value 2.1 and
Li et al. with a cut-off value 3.8 [19, 20], as well as in HL
patients with ALC/AMC 1.5 in the Italian study by Sacchi
etal.and 2.9 by Koh et al.[21, 22]. Accordingly, to overcome
this conflict and the varieties in the cut-off values by dif-
ferent researchers, we compared LMR at diagnosis, after
2 cycles, and at the end of chemotherapy with patients’
outcome and survival instead of a fixed cut-off value. Fur-
ther research should be done to find a unified cut-off value
for the ratio between lymphocyte and monocyte to be en-
gaged in the prognostic factors of HL

As mentioned in our study, the failure to recover from
low LMR after interim chemotherapy and at the end of
cycles was associated with inferior outcome and poorer
survival. Consequently, further and frequent evaluation of
these patients may be required to introduce a more effec-
tive treatment to achieve the best response, especially in
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Table 2. Patients’ characteristics at diagnosis and outcomes, correlation with lymphocyte-to-monocyte ratio at baseline, after 2 cycles, and
at end of therapy in patients with low baseline lymphocytic monocytic ratio (n = 31)

Factor LMR: after 2 cycles Sig. LMR: EOT Sig.
Still low (31)  Become high (14) Still low (30) Become high (15)
Age, years 31 (19-63) 34 (24-54) 0.134 61 (31-19) 35 (24-54) 0.113
Gender, n (%) Male 19 (61.3) 10 (71.4) 0.511 19 (63.3) 10 (66.7) 0.826
Female 12 (38.7) 4 (28.6) 11 36.7) 5(33.3)
B-symptoms, n (%) Absent 6 (19.4) 2 (14.3) 0.681 6 (20.0) 2 (13.3) 0.581
Present 25 (80.6) 12 (85.7) 24 (80.0) 3(86.7)
Stages, n (%) 3 22 (71.0) 9 (64.3) 0.654 21 (70.0) 10 (66.7) 0.82
4 9 (29.0) 5(35.7) 9 (30.0) 5(33.3)
LDH, n (%) Normal 5(16.1) 2 (14.3) 0.874 5(16.7) 2 (13.3) 0.771
Above ULN 26 (83.9) 12 (85.7) 25 (83.3) 13 (86.7)
Histology, n (%) Mixed cellularity 14 (45.2) 5 (35.7) 0.59 14 (46.7) 5(33.3) 0.428
Nodular sclerosis 12 (38.7) 8 (57.1) 11 (36.7) 9 (60.0)
Lymphocytic depleted 2 (6.5) 0 (0.0) 2(6.7) 0 (0.0)
Lymphocytic rich 3(9.7) 1(7.1) 3 (10.0) 1(6.7)
ESR, n (%) <50 3(9.7) 1(7.1) 3 (10.0) 1(6.7) 0.711
>50 28 (90.3) 13 (92.9) 27 (90.0) 14 (93.3)
Radiotherapy, n (%) Not received 31 (100.0) 14 (100.0) 30 (100.0) 15 (100.0)
Received 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Chemotherapy, ABVD 27 (87.1) 9 (64.3) 0.077 26 (86.7) 10 (66.7) 0.114
n (%) ABVD/escalated 4(12.9) 5 (35.7) 4(133) 5 (33.3)
BEACOPP
Response CR 1(3.2) 10 (71.4) < 0.001 1(3.3) 10 (66.7) < 0.001
to treatment, n (%) PR 3(9.7) 3 (21.4) 2(6.7) 4(267)
SD 11 (35.5) 1(7.1) 11 (36.7) 1(6.7)
PD 16 (51.6) 0 (0.0) 16 (53.3) 0 (0.0)
Mortality, n (%) Alive 5 (16.1) 13 (92.9) < 0.001 5 (16.7) 13 (86.7) < 0.001
Died 26 (83.9) 1(7.0) 25 (83.3) 2 (13.3)

ABVD — adriamycin, bleomycin, vinblastine, dacarbazine, BEACOPP — bleomycin, etoposide, adriamycin, cyclophosphamide, oncovin, procarbazine, prednisone,
CR — complete response, EOT — end of therapy, ESR — erythrocytic sedimentation rate, LDH — lactate dehydrogenase, LMR — lymphocytic monocytic ratio,

PD — progressive disease, PR — partial response, SD — stable disease, Sig. — significant, UNL — upper normal level

Significant p-value < 0.05.

Table 3. Progression-free survival and overall survival in relation to baseline of lymphocytic monocytic ratio at cut-off 1.4

Total N Progression-free survival Sig. Overall survival Sig.
n of events  Censored, Survival n of events Censored, Survival
(progression) n (%) rate, % (death) n (%) rate, %
Whole group
LMR: baseline Low 45 16 29 (64.4) 64.4 < 0.001 27 18 (40.0) 33.8 < 0.001
High 47 2 45 (95.7) 95.7 0 47 (100.0)  100.0
LMR: after 2 cycles Low 31 16 15 (48.4) 48.4 < 0.001 26 5(16.1) 0.0 < 0.001
High 61 2 59 (96.7) 96.7 1 60 (98.4) 98.3
LMR: EOT Low 30 16 14 (46.7) 46.7 < 0.001 25 5(16.7) 0.0 < 0.001
High 62 2 60 (96.8) 96.8 2 60 (96.8) 96.4
Overall 92 18 74 (80.4) 80.4 27 65 (70.7) 67.9
Low baseline LMR
LMR after 2 cycles: Still low 31 16 15 (48.4) 48.4 0.002 26 5 (16.1) 0.0 < 0.001
dynamics Became high 14 0 14 (100.0)  100.0 1 13(929) 929
LMR: overall Still low 30 16 14 (46.7) 46.7 0.001 25 5 (16.7) 0.0 < 0.001
dynamics Became high 15 0 15 (100.0)  100.0 2 13(867) 862
Overall 45 16 29 (64.4) 644 27 18 (40.0)  33.8

EOT —end of therapy, LMR — lymphocytic monocytic ratio, OS — overall survival, PFS — progression-free survival, Sig. — significant
Significant p-value < 0.05.
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Fig. 3. Kaplan-Meier survival curves showed: progression-free survival (PFS) (A), overall survival (OS) at baseline (B), PFS (C), OS after 2 cycles
(interim) of chemotherapy (D), PFS (E), OS at the end of chemotherapy (EOT) in relation to lymphocyte-to-monocyte (LMR) ratio (F)
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Fig. 4. Kaplan-Meier survival curve showed: comparison of lymphocyte-to-monocyte ratio (LMR) changes after two cycles of chemotherapy in
relation to LMR: progression free survival (PFS) (A) and overall survival (OS) (B). Changes at the end of chemotherapy in relation to LMR:

PFS (C) and OS (D)

patients with advanced stages who had a poor response
to standard chemotherapy.

A limitation of our study was the small number size
of our patients; all patients were allocated from only one
centre. Also, PET-CT was not involved as a baseline staging
or during the evaluation after chemotherapy cycles.

The novelty and strength of our study is its design as
a prospective cohort study, while most other studies are
retrospective [18, 23, 24], and it is the first study to assess
the relationship between LMR at baseline and the re-
sponse to chemotherapy after 2 cycles, at the end of treat-
ment, and OS and PFS.

Conclusions

Our cohort prospective study indicates the clinical val-
ue of LMR as a prognostic factor for HL. Low LMR at diag-
nosis and failure of recovery after chemotherapy were as-
sociated with poor PFS and OS, especially in patients with
advanced stages. The lymphocyte-to-monocyte ratio is an
easily accessible biomarker obtained from a routine and
low-cost, simple blood test: CBC, which can be included as
a part of prognostic score that can be used by clinicians
in combination with IPS to predict prognosis and patient
outcome.
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Table 4. Univariate and multivariate Cox-regression analysis for overall survival in the whole group

Covariates Univariate Cox regression Multivariate Cox regression
Sig. HR (95.0% Cl for HR) Sig. HR (95.0% CI for HR)
Age, years 0.702 1.01 (0.97-1.04)
Gender (female vs. male) 0.52 0.77 (0.35-1.69)
B-symptoms (absent vs. present) 0.009 3.62 (1.37-9.58) NS
LDH (high vs. normal) 0.002 5.45 (1.88-15.80) NS
Histology
Mixed cellularity vs. lymphocytic rich 0.259 0.48 (0.14-1.71)
Nodular sclerosis vs. lymphocytic rich 0.119 0.36 (0.10-1.30)
Lymphocytic depleted vs. lymphocytic rich 0.974 1.03 (0.17-6.20)
ESR (< 50 vs. > 50) 0.03 3.78 (1.14-12.58) NS
Chemotherapy (ABVD vs. ABVD/escalated BEACOPP) 0.962 1.03 (0.35-2.97)
Stages (early vs. advanced) 0.005 0.01 (0.00-0.24) NS
LMR: baseline 0.004 0.01 (0.00-0.22) NS
LMR: after 2 cycles < 0.001 0.01 (0.00-0.06) 0.020 0.033 (0.002-0.578)
LMR: EOT < 0.001 0.01 (0.00-0.07) NS

ABVD — adriamycin, bleomycin, vinblastine, dacarbazine, BEACOPP — bleomycin, etoposide, adriamycin, cyclophosphamide, oncovin, procarbazine, prednisone,
EOT - end of therapy, ESR — erythrocytic sedimentation rate, HR — hazard ratio, LDH — lactate dehydrogenase, LMR — lymphocytic monocytic ratio, NS — not significant,
OS —overall survival, Sig. — significance

Significant p-value < 0.05.

Table 5. Univariate and multivariate Cox-regression analysis for progression-free survival in the whole group

Covariates Univariate Cox regression Multivariate Cox regression
Sig. HR (95.0% CI for HR) Sig. HR (95.0% ClI for HR)

Age, years 0.229 1.03 (0.98-1.07)

Gender (female vs. male) 0.601 0.78 (0.30-2.00)

B-symptoms (absent vs. present) 0.385 1.54 (0.58-4.11)

LDH (high vs. normal) 0.127 2.23 (0.80-6.27)

Histology

Mixed cellularity vs. lymphocytic rich 0.839 0.80 (0.10-6.54)

Nodular sclerosis vs. lymphocytic rich 0.827 0.79 (0.10-6.34)

Lymphocytic depleted vs. lymphocytic rich 0.461 247 (0.22-27.24)

ESR (< 50 vs. > 50) 0.105 3.37 (0.78-14.67)

Chemotherapy (ABVD vs. ABVD/escalated BEACOPP) 0.808 0.834 (0.19-3.63)

Stages (early vs. advanced) 0.005 0.06 (0.01-0.42) NS

LMR: baseline 0.002 0.10 (0.02-0.44) NS

LMR: after 2 cycles < 0.001 0.05 (0.01-0.22) NS

LMR: EOT < 0.001 0.05 (0.01-0.20) < 0.001 0.046 (0.011-0.20)

ABVD — adriamycin, bleomycin, vinblastine, dacarbazine, BEACOPP — bleomycin, etoposide, adriamycin, cyclophosphamide, oncovin, procarbazine, prednisone,
ESR —erythrocytic sedimentation rate, EOT — end of therapy, LDH — lactate dehydrogenase, LMR — lymphocytic monocytic ratio, HR — hazard ratio, NS — not significant,
PFS — progression-free survival, Sig. — significance

Significant p-value < 0.05.
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