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ABSTRACT

It is crucial to identify Hodgkin lymphoma (HL) patients who may have resistance to treatment in order to choose the best risk adapted 
strategy at the time of diagnosis. We evaluated whether AMC (Absolute monocyte count), ALC (Absolute lymphocyte count), Lym-
phocyte/monocyte ratio (LMR), and Neutrophil Monocyte Ratio (NLR) were prognostic factors for HL. Sixty-five patients with classic 
Hodgkin Lymphoma were retrospectively reviewed. Initial peripheral blood tests were analyzed.  Of the entire cohort, 96.9% (63) had 
complete or partial remission. The median overall survival was 144 and median progression free survival was 130.7 months. The 
median AMC  and LMR for all patients were 0.8x103/UL and 2.1. There were no statistically significant cut-off value for AMC, ALC 
and LMR. Median NLR was 3.9 and had a statistically significant cut-off value as 4.38 (p= 0.002). Mean overall survival time with 
NLR < 4.38 was 151.8 months versus 117.2 months for  patients with > 4.38 NLR (p= 0.047). Mean progression free survival time 
was also significantly longer for patients with NLR < 4.38 versus >4.38 (145.6 vs 102.8 months, p= 0.005). Increased NLR sound 
to be a poor prognostic indicator in our cohort. NLR might be considered an additive parameter in management decision tree.
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INTRODUCTION

Hodgkin lymphoma has a relatively good prognosis 
compared to many other in lymphoma family; nev-
ertheless, 10% to 30%  of the patients was reported 
to be refractory to treatment or to relapse during 
the follow-up.1 Therefore, it is crucial to identify 
the Hodgkin lymphoma patients who might have 
resistance to treatment in order to choose the best 
risk adapted strategy at the time of diagnosis.

Various studies had been carried out in order to ob-
tain easy-to-apply, affordable and reliable evalua-
tion parameters about Hodgkin Lymphoma; Tumor 

associated macrophages (TAM), Absolute mono-
cyte count (AMC), Lymphocyte/monocyte ratio 
(LMR) with different cut off values were assessed 
in retrospective studies as  one of the easiest ways 
to provide an idea about systemic inflammation 
and tumor progression.2,3 Absolute monocyte count 
(AMC) has been also studied and found to have 
a significant relationship between increased AMC 
and unfavorable course of both HL and NHL in 
most studies.4-7 Similarly, the significant relation-
ship between LMR value at the time of diagnosis 
and clinical outcome was also noted for both solid 
tumors and lymphomas.7-12
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Increasing numbers of peripheral neutrophils,  as 
the indicator of inflammatory response, have yet 
been reported as a sign of poor prognosis.13,14 All 
these analyses  aimed to define a correlation be-
tween the patient’s inflammatory response to can-
cer and immune response.5 The primary endpoint 
of our study was to evaluate whether AMC, ALC, 
LMR, and NLR were prognostic factors for HL in 
our cohort and to investigate whether there might 
be   cut-off values to specify in our series.   

PATIENTS AND METHODS

Patients

Between April 2008 and June 2017, a total of 65 
patients treated with Hodgkin Lymphoma were 
retrospectively reviewed in this study. All patients 
met the following criteria: newly pathologically 
confirmed Hodgkin Lymphoma; age of 16 and 
older with available pretreatment hematologic pa-
rameters and detailed follow-up data, no previous 
history of malignancy and any oncological thera-
py; human immunodeficiency virus (HIV) nega-
tivity and also inclusion of other clinical studies. 
The patients were clinically staged according to the 
Ann Arbor Staging System.15 Patients with stage 
III – IV were stratified into the IPS-3 and IPS-7 
scores.16,17 Although the IPS score is commonly 
used in advanced disease, the current classification 
was also performed for stage I-II in our study.

Baseline clinicopathological features like age, sex, 
histopathology, stage, presence of bulky disease, 
extra lymphatic lesions, bone marrow involvement 
or B symptoms were reviewed for all patients. Pa-
tient and disease characteristics were listed in Ta-
ble 1. Initial peripheral blood tests were provided 
and neutrophil, lymphocyte, monocyte, platelet, 
hemoglobin, C-reactive protein (CRP), sedimenta-
tion, albumin values were recorded for further con-
sideration.  All patients were stratified according to 
IPS-3 and IPS-7.

Treatment responses were evaluated with interim 
and post-treatment FDG-PET CT images. Routine 
follow-up was determined as every three months 
for the first 2 years, every six months between sec-
ond and fifth years. Annually follow-up was under-
taken since the fifth year.

The study was carried out with the written informed 
consent of patients in accordance with the ethical 
standards of the Declaration of Helsinki (Koc Uni-
versity Ethic Committee; 2021.195.IRB.068.)

Statistical Analyses

Statistical analysis was performed using the IBM 
Corp. Released 2019. IBM SPSS Statistics for 
Windows, Version 26.0. Armonk, NY: IBM Corp.). 
The normality of continuous variables were ana-
lyzed with Shapiro-Wilk test.

Overall survival was defined from the date of di-
agnosis to the last follow-up or death from any 
cause. Progression-free survival was calculated 
from the date of diagnosis to either the last fol-
low-up or the occurrence of one of the following 
events: disease progression, relapse, or death from 
any cause. Mann-Whitney test and the Kruskall-
Wallis test were used for comparisons. Categorical 
variables were compared with the chi-square test 
and the exact Fisher test. Survival was evaluated 
by the Kaplan-Meier estimates and compared by  
using the log-rank test and the Cox proportional 
hazards model. We assessed the optimal cutoff for 
AMC, ALC, LMR, and NLR using the maximum 
log-rank statistic and by means of receiver operat-
ing characteristic (ROC) curve analysis at 2-year 
follow-up. 
Patients were divided according to IPS, 3 thereby 
0 and 1-2-3 groups were created. Similarly IPS 7 
categories were divided into 0-2 and 3-6 groups.  
Overall survival and progression free survival were 
compared between these groups separately for IPS 
3 and IPS 7 scores with LogRank tests. Statistical 
significance was accepted when two-sided p value 
was lower than 0.05.

RESULTS
The median age at diagnosis for the patients was 
32 years (range, 16-84 years); 52.3% (34) were 
males, and 90.7% (59) was diagnosed with nodular 
sclerosis subtype. Other clinical characteristics are 
presented in Table 1. 
Almost all of the patients (64 out of 65) were 
treated with standard 2-6 cycles of adriamycin, 
bleomycin, vinblastine and dacarbazine (ABVD) 
therapy regarding the initial stage. Only one pa-
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tient’s treatment has been started with 2 cycles of 
bleomycin-etoposide-doxorubicin-cyclophospha-
mide-vincristine-procarbazine-prednisone (BEA-
COPP) and continued with 2 cycles of  ABVD. 
Thirty-three patients (50.7%) had radiation therapy 
as consolidation between the doses of 20 Gy and 
30.6 Gy.

Of the entire cohort, 84.6% of the patients had 
complete, only 8 patients has partial response at 
the interim PET-CT. Of those patients, only two 
did not have complete metabolic PET-CT response 
the end of the treatment.  The median OS was 144 
and median progression free survival was 130.7 
months. A total of 6 deaths were recorded; of these, 
one of these deaths was from progressive disease 
and one was due to another primary cancer. The 
other deaths were not related to Hodgkin Lympho-
ma. The OS at 2 and 5 years was 96% and 91.9%, 
respectively.

Median NLR was 3.9 (range: 0.05-46) only NLR 
had a statistically significant cut-off value as 4.38 
(95% CI: 0.580-0.882, p= 0.002). Mean overall 
survival time of the patients those NLR value was 
< 4.38 151.8 months (95% CI: 143.5-160), where-
as patients with > 4.38 NLR value have the mean 
overall survival time was 117.2 months (95% CI: 
103.1-131.4) (Figure 1). They have statistical sig-
nificant difference (Log Rank test p= 0.047).
Absolute monocyte count was taken from the pre-
treatment complete blood cell counts recorded 
at diagnosis of HL. The median AMC for all pa-
tients was 0.8 x 103/UL (range; 0.1-3.4 103/UL). 
A statistically significant cut-off value for AMC in 
the ROC curve analysis (95% CI: 0.338-0.702 p= 
0.82) could not be reached. Median ALC was de-
rived from pretreatment complete blood cell count 
at diagnosis, and for all patients the median ALC 
was 1.6 x 103/UL (range 0.2-3.3 x 103/UL). The 
LMR was obtained by dividing the ALC by the 
AMC taken from the complete peripheral blood 
count at diagnosis. The median LMR for all pa-
tients was 2.1  (range: 0.5-13) according the analy-
sis. Similarly there were no statistically significant 
cut-off value for ALC and LMR (95% CI: 0,458-
0,806; p= 0.13 and 95% CI: 0.484-0.807, p= 0.07, 
respectively) (Figure 2). 

Table 1. Patient and disease characteristics

Characteristic n (%)

Gender
   Male 34 (52.3)
   Female 31 (47.7)
Age (range )                         16-84  
Histologic type
 Nodular sclerosis 59 (90.7)
 Mixed cellularity 1 (1.6)
 Lymphocyte-rich 4 (6.1)
 Lymphocyte-depleted 1 (1.6)
Ann-Arbor Stage
 I 9 (13.9)
 II 33 (50.7)
 III 9 (13.9)
 IV 14 (21.5)
B symptoms present                        26 (40.0)
Bulky disease present 4   (6.1)
IPS 3
 0 45 (69.2)
 1-2-3 20 (30.8)
IPS 7
 0-2 54 (83.1)
 2-6   11 (16.9)
Chemotherapy
 ABVD 62  (95.5)
 CHOP with dose reduction 1   (1.5)
 VEBEMP 1   (1.5)
 BEACOPP 1   (1.5)
Radiotherapy 33  (50.7)

Figure 1. Discriminative cut-off value for the NLR was 4.38 
(Sensitivity 81.8% and specificity 64.8; AUC values 0.731, 
95% CI: 0.580-0.882 p= 0.002). AUC= area under the curve, 
CI= confidence interval, NLR= neutrophil-to-lymphocyte ratio. 
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When evaluating by means of Progression Free 
Survival, patients also have statistically significant 
difference (Mean progression free survival time of 
patients those NLR value was < 4.38 145.6 (95% 
CI: 135.6-155.6), whereas patients with > 4.38 
NLR value have the mean progression free surviv-
al time was 102.8 (95% CI: 84.5-121.1). They have 
statistical significant difference (Log Rank test p= 
0.005). Table 2)

Overall survival and progression free survival were 
compared between these groups separately for IPS 

3 (IPS 3 0 vs 1-2-3) and IPS 7 ( IPS 7 1-2 vs 3-6). 
Neither OS nor PFS difference were present for 
both IPS stratifications . (Table 3)

DISCUSSION

The relationship between hematological param-
eters and the prognosis of Hodgkin’s lymphoma 
has been evaluated in several studies, due to the 
fact that being easy to be accessible as a part of 
the clinical routine; and especially AMC, LMR and 
NLR have been reported to be prognostic.13 It has 

Figure 2. Significant discriminative cut-off value for (a) ALC and (b) AMC (c) LMR (d) PLR could not be demonstrated.
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been reported in several studies that monocytosis, 
lymphopenia or neutropenia are associated with 
poor prognosis and treatment resistance.6 Unfor-
tunate is the lack of  global consensus  on cut-off 
values regarding these parameters.6,18,19 In our co-
hort, we have identified a cut off  of NLR of 3.9 to 
be a significant predictor on both overall survival 
and progression free survival though IPS was not 
a player. 

There is substantial data related to the monocytosis 
in Non-Hodgkin Lymphoma (NHL) and its effect 
on prognosis, while minimal data regarding Hodg-
kin lymphoma are available.4,20,21  In a multicenter 
study that consists over one thousand diffuse large 
B cell lymphoma patients; the best AMC cut-off 
level was reported as 630/mm3. The 5-year overall 
survival for patients with counts below this cut-off 
was significantly longer than those with a count > 
630 mm3 (71% vs 59%, p= 0.0002).22 In another 
study including T cell lymphoma, Bari et al ret-
rospectively evaluated 94 cases and reported that 
the median OS for patients with monocyte value 
with < 0.8 × 109/L at diagnosis was longer than 
those with > 0.8 × 109/L 12 (median OS  was not 
reached after 9 years vs 12 months, respectively; 
p= 0.003).23 In a large cohort study of Tadmor et 

al. with 1450 nodular sclerosis Hodgkin lymphoma 
patients; cutoff value of 750 cells/mm3 for AMC 
was shown to have prognostic significance on PFS 
and OS while AMC more than 750 cells/mm3 had 
an significantly adverse impact on outcome with 
both univariate (p< 0.001) and multivariate analy-
ses (p= 0.006). This study has importance due to 
high patient number as well as binationality and 
multicentricity of the treatment facilities.6 In our 
cohort, AMC was not  statistically significant for 
any endpoints.

Lymphopenia is also an important indicator of host 
immunity and a well-defined parameter among IPS 
criteria in patients diagnosed with Hodgkin lym-
phoma. Lymphocyte count of less than 600 per 
cubic millimeter, a count that was less than 8 per-
cent of the white-cell count, or both are known as 
adverse prognostic factors.16 In this context; LMR, 
the ratio of ALC to AMC, has been an attractive 
parameter for analysis. Tadmor et al reported that 
the best cutoff value for LMR was 2.1 in their 1450 
patients diagnosed as nodular sclerosis HL.6 They 
also indicated that LMR < 2.1 was associated with 
the adverse prognostic factors in IPS and may be 
used to gain insight about   tumor growth as well as 
host immunity and tumor microenvironment. We 

Table 3. Overall survival and progression free survival were compared between these groups separately for IPS 3 (IPS 3 0 vs 1-2-3) 
and IPS 7 ( IPS 7 1-2 vs 3-6)

Variable  Number of 5 years P value 5 years P value
 patients Overall  Disease free
  Survival  survival 

IPS 3_0 45 95% 0.18 88 0.93
IPS 3_1-3 20 85%  85 

IPS 7_ 1-2 54 92% 0.07 84% 0.19
IPS7 _3-6 11 81%  72%

Table 2. OS and PFS according to the NLR values

OS  Mean OS (m) 95% CI Log Rank test p value
NLR < 4.38 151.8 143.5-160.0 0.047
NLR > 4.38 117.2 103.1-131.4 

PFS  Mean PFS (m) 95% CI Log Rank test p value
NLR < 4.38 145.6 135.6-155.6 0.005
NLR > 4.38 102.8 84.5- 121.1 

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; OS, overall survival; PFS, progression free survival; m, months; CI, confidence interval
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could not reveal any significance related with LMR 
in our cohort.

Absolute neutrophil number serves as an indicator 
of the systemic inflammatory response to tumor. 
Inflammation had a significant role in tumor mi-
croenvironment. The NLR was defined as the divi-
sion of the ANC by ALC at diagnosis. Marcheselli 
et al retrospectively analyzed 990 NS HL patients 
in terms of NLR at diagnosis and its effect on sur-
vival13; and revealed a NLR cutoff of 6 with a sta-
tistical significant poor progression free (84% vs 
75%, p< 0.005) and overall survival (92% vs 88%, 
p< 0.005) at five years in patients with NLR > 6 in 
comparison to patients with NLR < 6. This study 
was important for not only  including a high num-
ber of homogenously staged pathologic subgroup 
of patients, but also  delineating the difference 
in both univariate and multivariate analyses, and  
Marcheselli et al. clearly indicated NLR as an in-
dependent prognostic factor in NS HL in all stages 
of the disease. On the other hand, Keam et al re-
ported their retrospective analysis of 447 DLBCL 
patients, and stated NLR > 3 to be as an independ-
ent poor prognostic factor of PFS (p< 0.001) and 
OS (p< 0.001).24 NLR cutoff values as 3.0, 3,3 and 
4.0 were reported in different solid tumor types.25-27 
In our cohort, median NLR was 3.9 (range: 0.05-
46) and our statistically significant NLR cut off has 
been revealed to be 4.38 (95% CI: 0.580-0.882, p= 
0.002); which was stratifying  our patients with 
mean overall survival of 151.8 months (95% CI: 
143.5-160) if  < 4.38, and 117.2 months (95% CI: 
103.1-131.4) (p= 0.047)  if NLR was > 4.38. Pro-
gression Free Survival was also clearly statistically 
stratified with this cut off value; Mean progression 
free survival was  145.6 (95% CI: 135.6-155.6) 
months if NLR < 4.38;  and 102.8 (95% CI: 84.5-
121.1) months if NLR  > 4.38, consistent with the 
related literature. Though IPS could not define a 
clear leveling in our cohort, NLR was able to de-
clare the poor prognostic group of patients at di-
agnosis.

Our study has several important limitations, the 
most important being relatively small number of 
patients and being retrospective, as well as a low 
number of events in the follow up duration. Further 
analysis of pathological specimens of the patients 
with high NLR was also not possible in our cohort, 

where such analysis might probably provide more 
correlative  information regarding the peripheral 
blood distribution and tumor microenvironment.

Conclusion

Our findings expressed that increased NLR is asso-
ciated with poor prognosis in Hodgkin Lymphoma, 
which was interestingly a better predictor than IPS 
in this cohort, therefore we believe studies ana-
lyzing NLR need to be encouraged as an additive 
prognostic parameter in management decision tree 
to reveal the true potential. We await with much 
expectation for the future research including pos-
sible consensus cutoff values of AMC, LMR and, 
NLR in Hodgkin lymphoma.
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