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ABSTRACT

Background. Although most patients with classical Hodgkin’s
lymphoma (cHL) have a long survival duration, the current
risk stratification is imperfect. A recent study suggested a
prognostic role for the peripheral blood absolute lymphocyte
count/absolute monocyte count (ALC/AMC) ratio at diagno-
sis in cHL. It is intriguing to investigate the significance of the
ALC/AMC ratio in relation to tumor-associated macro-
phages (TAMs), yet another prognostic factor for cHL.

Methods. We examined the prognostic impact of the
ALC, AMC, and ALC/AMC ratio in 312 cHL patients (me-
dian age, 37 years) using receiver operating characteristic
curve analysis for optimal cutoff values, and compared
these with TAM content.

Results. The median follow-up was 65 months (range,
0.1–245 months). On univariate analysis, a low ALC/AMC

ratio (<2.9) was correlated with a poorer overall survival
(OS) outcome. A subgroup analysis of patients with limit-
ed-stage disease showed that the ALC/AMC ratio was sig-
nificantly correlated with the OS time. Multivariate
analysis showed the ALC/AMC ratio to be an independent
prognostic factor for OS outcome. A Spearman correlation
test of TAM content showed a negative correlation with the
ALC/AMC ratio and a positive correlation with the pe-
ripheral blood macrophage percentage.

Conclusions. This study suggests that the ALC/AMC ra-
tio may be a simple, inexpensive, and independent prog-
nostic factor for OS outcome in patients with cHL and may
have a role in the stratification of cHL patients in addition
to the International Prognostic Score and TAM content.
The Oncologist 2012;17:871–880

INTRODUCTION
The International Prognostic Score (IPS) is the standard
stratification system for survival in patients with classical
Hodgkin’s lymphoma (cHL) [1]. However, it is less suitable
for patients with limited-stage disease. Furthermore, early
interim positron emission tomography has been shown to
have a prognostic value superior to that of the IPS in patients
with advanced-stage cHL in a recent analysis [2].

Pathologically, cHL is characterized by the presence of
a small number of diagnostic Reed-Sternberg cells in a
background of bystander reactive cells composed of lym-

phocytes, neutrophils, macrophages, eosinophils, and
plasma cells. Tumor-infiltrating lymphocytes have been as-
sociated with survival outcomes [3, 4]. It has been sug-
gested that the baseline lymphocyte count may have a
prognostic role in patients with cHL. Lymphopenia, defined
by the IPS as �600 cells/�L or �8% of the WBC, is asso-
ciated with an adverse survival outcome. Estimation of the
tumor-associated macrophages (TAM) content in lesional
tissues has been shown to be a strong prognostic indicator in
cHL using gene expression profile analysis and subsequent
immunohistochemical detection with CD68 [5]. Many in-
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vestigators, including the present authors, validated the ad-
verse prognostic impact of a high TAM content using
immunohistochemical staining for CD68 and CD163 [5–
10]. TAMs are believed to provide trophic factors that di-
rectly accelerate the growth and survival of malignant
lymphocytes [11–14].

Recently, the peripheral blood absolute lymphocyte

count (ALC)/absolute monocyte count (AMC) ratio at diag-
nosis in cHL patients was reported to be a prognostic factor
for clinical outcomes [15]. Because TAMs originate from
circulating monocytes, it is not surprising that the peripheral
blood AMC or ALC/AMC ratio may influence TAM con-
tent. How the peripheral blood AMC, ALC/AMC ratio, and
TAM content may interact with one another in cHL patients
in conjunction with clinical outcome is unknown at the pres-
ent. In the present study, we examined the prognostic sig-
nificance of the peripheral blood ALC/AMC ratio at
diagnosis and its correlation with TAM content in a retro-
spective analysis of 312 patients with cHL.

MATERIALS AND METHODS

Patients
We carried out a retrospective study of 312 consecutive pa-
tients with cHL diagnosed at Asan Medical Center in 1989–
2011 and Seoul National University Boramae Medical Center
in 1996–2010. All patients met the following criteria: patho-

Figure 1. Receiver operating characteristic curve (ROC) and
area under the curve (AUC) for the ALC (A), AMC (B), and ALC/
AMC ratio (C) at diagnosis.

Abbreviations: ALC, absolute lymphocyte count; AMC, abso-
lute monocyte count; CI, confidence interval.

Table 1. Demographic and clinical characteristics of
patients

Characteristic at diagnosis
n of
patients (%)

Median age (range), yrs 37 (4–77)

Male gender 188 (60.3%)

Histologic subtype

Nodular sclerosis 177 (56.7%)

Mixed cellularity 90 (28.8%)

Lymphocyte rich 12 (3.8%)

Lymphocyte depleted 9 (2.9%)

Not classifiable 24 (7.7%)

Ann Arbor stage

I 42 (13.5%)

II 112 (35.9%)

III 73 (23.4%)

IV 85 (27.2%)

Stage

Limited 133 (42.6%)

Advanced 179 (57.4%)

B symptoms present 113 (36.2%)

International Prognostic Score �4
(high risk)

60 (19.2%)

EBER positivitya 107 (50%)

Primary treatment

Chemotherapy 210 (67.3%)

Chemoradiotherapy 102 (32.7%)
aEBER: Epstein–Barr virus– encoded RNA-1 and RNA-
2 by in situ hybridization method (performed on 214
cases).
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Table 2. Clinical comparison between an ALC/AMC �2.9 and an ALC/AMC �2.9

Characteristic ALC/AMC >2.9 (n � 158) ALC/AMC <2.9 (n � 154) p-value

Median age (range), yrs 31 (4–77) 33 (11–77) .063a

Sex .204b

Male 101 (63.9%) 87 (56.5%)

Female 57 (36.1%) 67 (43.5%)

Histology �.999c

Nodular sclerosis 88 (55.7%) 89 (57.8%)

Mixed cellularity 47 (29.7%) 43 (27.9%)

Lymphocyte rich 8 (5.1%) 4 (2.6%)

Lymphocyte depleted 3 (1.9%) 6 (3.9%)

Unclassified 12 (7.6%) 12 (7.6%)

BNLI grade �.999b

1 50 (80.6%) 39 (79.6%)

2 12 (19.4%) 10 (20.4%)

Stage �.001c

I 33 (20.9%) 9 (5.8%)

II 68 (43%) 44 (28.6%)

III 29 (18.4%) 44 (28.6%)

IV 28 (17.7%) 57 (37%)

Stage �.001b

Limited 91 (57.6%) 42 (27.3%)

Advanced 67 (42.4%) 112 (72.7%)

B symptoms �.001b

Present 36 (23.2%) 77 (50.3%)

Absent 119 (76.8%) 76 (49.7%)

IPS �.001b

�4 16 (10.1%) 44 (28.6%)

�4 142 (89.9%) 110 (71.4%)

Median CD68 score (range) 16 (3–50) 18 (1–60) .1a

Median CD163 score (range) 15 (1–80) 23 (1–80) .006a

Median WBC (range), � 103 cell/�L 7.45 (2.4–28) 8 (1.3–33.6) .219a

Median albumin (range), g/dL 3.9 (1.9–5.3) 3.7 (1.6–4.9) �.001a

Median hemoglobin (range), g/dL 12.6 (3.6–17.8) 11.6 (4.8–17.8) �.001a

Treatment

Chemotherapy 101 (63.9%) 109 (70.8%) .228b

Chemotherapy and radiation therapy 57 (36.1%) 45 (29.2%)

EBV in situ hybridization

Positive 48 (46.6%) 59 (53.2%) .412b

Negative 55 (53.4%) 52 (46.8%)

IPS risk factors

Age, yrs .148b

�45 45 (28.5%) 56 (36.4%)

�45 113 (71.5%) 98 (63.6%)

Male 101 (63.9%) 87 (56.5%) .204b

Stage IV 29 (17.7%) 57 (37%) �.001c

(continued)
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logically confirmed cHL; no previous treatment; no previous
history of malignancy, transplantation, or immunosuppres-
sion; negativity for anti-HIV; treatment with combination che-
motherapy with or without radiation treatment; and the
availability of laboratory data and follow-up information.

Clinical characteristics were obtained from medical re-
cords. Response criteria were based on standard guidelines.
Routine follow-up imaging analyses were performed every 3
months for the first 2 years, then every 6 months for the next 3
years, and then annually or whenever clinically indicated.

The ALC and AMC were obtained from the CBC exam-
ined at the time of the cHL diagnosis. The ALC/AMC ratio was
calculated by dividing the ALC by the AMC from the CBC.

HISTOPATHOLOGICAL ANALYSIS AND QUANTITATION
OF CD68- AND CD163-EXPRESSING CELLS
All histological data from patients were reviewed by three pa-
thologists (J.H., Y.W.K., H.J.K.), and histological subtype was
classified using the World Health Organization criteria as nod-
ular sclerosis (NS), lymphocyte rich, mixed cellularity (MC),
lymphocyte depleted, or HL not otherwise specified.

For TAM content, we used previously published data on
144 patients from Asan Medical Center [7]. The relative per-
centages of TAMs in relation to overall cellularity were ob-
tained by counting the cells immunostained with CD68 (clone
Kp1, mouse monoclonal, 1:2,000 dilution; Dako, Glostrup,
Denmark) and CD163 (clone 10D6, mouse monoclonal, 1:400
dilution; Novocastra, Newcastle, U.K.). Mean scores of the
counts in three representative (tumor-containing) high-power
(400�) fields with the strongest staining (CD68 index and
CD163 index, respectively) were used for the analysis. In situ
hybridization for Epstein–Barr virus (EBV)-encoded RNA-1

and RNA-2 was performed and scored as described elsewhere
[16].

Statistical Analysis
The overall survival (OS) time was defined as the time be-
tween the first day of diagnosis and the date of death from any
cause; the follow-up of patients still alive was censored at their
latest date of follow-up. The event-free survival (EFS) time
was defined as the interval between the first day of diagnosis
and the date of disease progression, relapse, or death from any
cause; the follow-up of patients still alive without event was
censored at the latest date of their follow-up. OS and EFS out-
comes were analyzed using Kaplan–Meier curves, which
were compared using log-rank testing. Multivariate prognostic
analyses were performed for OS and EFS outcomes using the
Cox proportional hazards regression model. Receiver operat-
ing characteristic (ROC) curve analysis was used to determine
the optimal cutoff values of the ALC, AMC, and ALC/AMC
ratio; values with the maximum joint sensitivity and specificity
were selected. The binary clinical outcome (death or survival)
was determined at 5 years after diagnosis. Patients were cate-
gorized as alive or censored when the follow-up time was �5
years and dead when patients were recognized to have died be-
fore this time point [17]. Categorical variables were compared
using �2 tests. Continuous variables, reported as median range,
were compared using the Wilcoxon rank-sum test. Spearman
correlation analysis was used to describe the correlation be-
tween quantitative variables. All statistical analyses were per-
formed using SPSS version 18.0 statistical software (SPSS,
Inc., Chicago, IL). Results were considered to be statistically
significant when the p-value was �.05.

Table 2. (continued)

Characteristic ALC/AMC >2.9 (n � 158) ALC/AMC <2.9 (n � 154) p-value

WBC, � 103 cells/�L .211b

�15 14 (8.9%) 21 (13.6%)

�15 144 (91.1%) 133 (86.4%)

ALC �.001b

�600 cells/�L or �8% of WBC 2 (1.3%) 23 (14.9%)

�600 cells/�L or �8% of WBC 156 (98.7%) 131 (85.1%)

Albumin, g/dL .027b

�4 88 (55.7%) 105 (68.2%)

�4 70 (44.3%) 49 (31.8%)

Hemoglobin, g/dL �.001b

�10.5 19 (12%) 50 (32.5%)

�10.5 139 (88%) 104 (67.5%)

EBV in situ hybridization was performed in 214 cases. BNLI grade was examined in 111 cases. The presence of B
symptoms was examined in 308 cases.
aWilcoxon rank-sum test.
b�2 test by two-sided Pearson’s exact test.
c�2 test by two-sided linear-by-linear association.
Abbreviations: ALC, absolute lymphocyte count; AMC, absolute monocyte count; BNLI, British National Lymphoma
Investigation; EBV, Epstein–Barr virus; IPS, International Prognostic Score.
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RESULTS

Patient Characteristics
The clinical characteristics of the 312 patients included in
the present study are summarized in Table 1. The median
follow-up period following diagnosis was 65 months for the
entire cohort (range, 0.1–245 months) and 71 months for
censored patients (range, 2–245 months). We recorded 100
patients experiencing relapse, disease progression, or death.
The median EFS time was 36 months (95% confidence in-
terval [CI], 28 – 40 months). Estimated 5-year OS and EFS
rates of 86.4% and 64.2%, respectively, were observed. At
diagnosis, the median ALC was 1,600 cell/�L (range, 200 –
7,200 cell/�L) and the median AMC was 606 cell/�L
(range, 29 –2,198 cell/�L).

Cutoff Values for the ALC, AMC, and ALC/AMC
Ratio for the Survival Analysis
ROC curves for the ALC, AMC, and ALC/AMC ratio accord-
ing to survival outcomes were generated to determine a cutoff
value. The area under the curve (AUC) was recorded as 0.63
(95% CI, 0.536–0.724) for the ALC (Fig. 1A). The ALC value
of 1,100 corresponded to the maximum joint sensitivity and
specificity on the ROC curve (48% sensitivity and 77% spec-
ificity). The AUC was calculated to be 0.517 (95% CI,
0.413– 0.621) for the AMC (Fig. 1B). The AMC value of
690 corresponded to the maximum joint sensitivity and
specificity on the ROC curve (38% sensitivity and 73%
specificity). The AUC was calculated to be 0.618 (95% CI,
0.520 – 0.716) for the ALC/AMC ratio (Fig. 1C). The ALC/
AMC ratio of 2.9 corresponded to the maximum joint sen-
sitivity and specificity on the ROC curve (74% sensitivity
and 54% specificity).

Comparison of Patients with an ALC/AMC Ratio
>2.9 and Patients with an ALC/AMC Ratio <2.9
The clinicopathological features of the patients with an ALC/
AMC ratio �2.9 and those with an ALC/AMC ratio �2.9 are
summarized in Table 2. One hundred fifty-eight patients
(50.6%) had an ALC/AMC ratio �2.9 and 154 patients
(49.4%) had an ALC/AMC ratio �2.9. An ALC/AMC ratio
�2.9 was significantly correlated with a higher Ann Arbor
stage (p � .001), the presence of B symptoms (p � .001), the
IPS (p � .001), lower levels of albumin (p � .001) and hemo-
globin (p � .001), and the CD163 score (p � .006). Consider-
ing the factors used to calculate the IPS, an ALC/AMC ratio
�2.9 was associated with stage 4 disease (p � .001), an ALC
�600 cells/�L or �8% of the WBC (p � .001), an albumin
level �4 g/dL (p � .027), and a hemoglobin level �10.5 g/dL
(p � .001). No distinction between the groups was observed in
age (p � .063), sex (p � .204), histological type (p � .999),
British National Lymphoma Investigation (BNLI) grade (p �
.999), WBC (p � .219), treatment method (p � .228), EBV
positivity by in situ hybridization (p � .412), and CD68 score
(p � .1).

Prognostic Significance of the ALC, AMC, and
ALC/AMC Ratio
Patients with an ALC �1,100 cells/�L had a significantly
lower OS rate than those with an ALC �1,100 cells/�L (5-
year OS rate, 77.5% versus 92.1%; p � .002) (supplemental
online Fig. 1A), although the EFS rates were comparable (5-
year EFS rate, 60.5% versus 64.4%; p � .35) (supplemental
online Fig. 1B). An AMC �690 cells/�L, however, was not
significantly associated with either the OS (5-year OS rate,
83.4% versus 88.1%; p � .208) (supplemental online Fig.
2A) or EFS (5-year EFS rate, 58.8% versus 67.1%; p �
.363) (supplemental online Fig. 2B) outcome. Patients with
an ALC/AMC ratio �2.9 had significantly lower OS rate
than those with an ALC/AMC ratio �2.9 (5-year OS rate,
80.9% versus 93.2%; p � .001) (Fig. 2A); however, an
ALC/AMC ratio �2.9 was not significantly associated with
the EFS outcome (5-year EFS rate, 61.1% versus 68.2%;
p � .313) (Fig. 2B).

To evaluate the relationship between lymphopenia and
monocytosis, we combined the dichotomized ALC and

Figure 2. Comparison of the survival using the cutoff value of
2.9 for ALC/AMC ratio at diagnosis. (A): Overall survival and (B)
even-free survival.

Abbreviations: ALC, absolute lymphocyte count; AMC, abso-
lute monocyte count.
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AMC and stratified patients into four risk groups (ALC
�1,100 cells/�L and AMC �690 cells/�L, ALC �1,100
cells/�L and AMC �690 cells/�L, ALC �1,100 cells/�L
and AMC �690 cells/�L, and ALC �1,100 cells/�L and
AMC �690 cells/�L). In patients with an ALC �1,100,
cases with an AMC �690 cells/�L had lower OS and EFS
rates than cases with an AMC �690 cells/�L, although the
difference was not statistically significant (p � .479 and
p � .632, respectively) (supplemental online Fig. 3A, 3B).
In patients with an ALC �1,100 cells/�L, cases with an
AMC �690 cells/�L also had worse OS and EFS rates than
cases with an AMC �690 cells/�L, although the difference
was not statistically significant (p � .229 and p � .435, re-
spectively) (supplemental online Fig. 3C, 3D).

On univariate analysis, both the OS and EFS outcomes
were associated with male gender, age �45 years, stage 4
disease, and a hemoglobin level �10.5 g/dL. However, an
ALC/AMC ratio �2.9, the presence of B symptoms, an al-
bumin level �4 g/dL, and an IPS �4 were associated with
the OS outcome, but not with the EFS outcome. In the mul-
tivariate analysis, an ALC/AMC ratio �2.9 proved to be an
independent prognostic marker for OS outcome along with
a high-risk IPS (�4) and the presence of B symptoms (p �
.039) (Table 3).

Because IPS is primarily a significant prognostic factor
in patients with advanced-stage cHL [1], we compared the
ALC/AMC ratio with the IPS in relation to disease stage to
determine whether or not the ALC/AMC may have an ad-
vantage over the IPS. We combined the intermediate-risk

IPS group with the high-risk IPS group because the number
of patients with a high-risk IPS was too small for a mean-
ingful analysis. In patients with limited-stage disease, those
with an ALC/AMC ratio �2.9 had a worse OS rate than
those with an ALC/AMC ratio �2.9 (p � .011) (Fig. 3A),
whereas IPS subgroup was not significantly associated with
the OS outcome (p � .786) (Fig. 3C). In patients with ad-
vanced-stage disease, those with an ALC/AMC ratio �2.9
had a trend toward worse OS rate than patients with an ALC/
AMC ratio �2.9, but the difference was not statistically sig-
nificant (p � .175) (Fig. 3B). However, high- and
intermediate risk-patients identified by the IPS had an OS
outcome inferior to that of patients in the low-risk group
(p � .003) (Fig. 3D).

No significant differences were observed between pa-
tients with an ALC/AMC ratio �2.9 and those with an ALC/
AMC ratio �2.9 in terms of EBV positivity. We also
performed an analysis by histologic subtype. In patients
with the NS subtype, those with an ALC/AMC ratio �2.9
had a worse OS rate than those with an ALC/AMC ratio
�2.9, although the statistical significance was marginal (5-
year OS rate, 88.4% versus 96.3%; p � .062) (Fig. 4A).
However, there was no difference in the EFS rates (p �
.914). In patients with the MC subtype, those with an ALC/
AMC ratio �2.9 had a worse OS rate than those with an
ALC/AMC ratio �2.9 (5-year OS rate, 68.4% versus
86.6%; p � .008) (Fig. 4B). However, there was no differ-
ence in the EFS rates (p � .158).

Table 3. Univariate and multivariate analysis for OS and EFS outcomes

OS EFS

Covariate HR 95% CI p-valuea HR 95% CI p-valuea

Univariate analysis

Age �45 yrs 5.669 3.02–10.6 �.001 2.564 1.72–3.80 �.001

ALC �1,100 2.458 1.36–4.41 .003 1.221 0.80–1.86 .352

AMC �690 1.464 0.80–2.65 .211 1.208 0.80–1.81 .366

ALC/AMC ratio �2.9 3.175 1.57–6.41 .001 1.226 0.82–1.82 .316

Albumin �4 g/dL 2.611 1.25–5.42 .010 1.517 0.99–2.31 .054

Hemoglobin �10.5 g/dL 2.754 1.52–4.97 .001 1.658 1.07–2.55 .022

Male 2.180 1.10–4.29 .024 1.540 1.00–2.35 .046

WBC �15 � 10
3

cells/�L 1.203 0.53–2.70 .654 1.338 0.77–2.31 .3

Stage 4 3.096 1.72–5.55 �.001 1.545 1.02–2.33 .040

B symptoms 3.145 1.70–5.79 �.001 1.331 0.89–1.97 .156

IPS �4 2.710 1.48–4.95 .001 1.406 0.88–2.22 .146

Multivariate analysis

ALC/AMC ratio �2.9 2.194 1.04–4.62 .039 1.091 0.71–1.66 .688

B symptoms 2.218 1.14–4.30 .018 1.227 0.79–1.88 .351

IPS �4 1.564 0.81–3.00 .18 1.227 0.74–2.03 .426
aCox univariate analysis.
Abbreviations: ALC, absolute lymphocyte count; AMC, absolute monocyte count; CI, confidence interval; EFS, event-free
survival; HR, hazard ratio; IPS, International Prognostic Score; OS, overall survival.
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Correlation Between Percentage of Peripheral
Monocytes and TAM Content Expressed as CD68�

and CD163� Cells in cHL Tissue
Our previous study revealed that patients with a high index of
either CD68 or CD163 positivity (�20%) had significantly
worse OS and EFS outcomes [7]. Therefore, we performed a
correlation study of the relationship between the monocyte
percentage and the density of TAMs in 144 previously re-
ported patients [7]. There was a positive correlation between
CD68 and CD163 scores in cHL tissues and the monocyte per-
centage in peripheral blood by Spearman correlation analysis
(p � .019 and p � .001, respectively) (Fig. 5A, 5B). The cor-
relation coefficients were 0.199 and 0.309, respectively. There
was a negative correlation between the ALC/AMC ratio and
CD163 score in cHL tissues (p � .006) (Fig. 5C) with a corre-
lation coefficient of �0.234.

DISCUSSION
The IPS classification is currently the standard stratification
system for patients with cHL prior to any treatment [1]. Gene-
expression profiles of tumor tissue have also been shown to
have a prognostic impact [5, 18 –20]. However, neither of

these prognostic models takes into consideration the role of
host immunity (i.e., the ALC) and the microenvironment pro-
duced by the tumor (i.e., the AMC). The aim of the present
study was to examine the prognostic significance of the ALC/
AMC ratio at diagnosis and its relationship with TAMs in le-
sional tissues in patients with cHL, two parameters that reflect
the tumor microenvironment and host immunity. Peripheral
monocytosis has been associated with a poor prognosis in pa-
tients with lymphomas as well as those with solid tumors [21–
23]. Myeloid-lineage cells may promote tumorigenesis
through immunosuppression and the promotion of the tumor
vasculature required for tumor growth and progression [24,
25]. TAMs are a source of vascular endothelial growth factor
(VEGF)-A, promoting tumor angiogenesis [24, 25]. TAMs
also secrete matrix metalloproteinase 9, facilitating liberation
of VEGF from the extracellular matrix [26, 27].

In our study, univariate analysis revealed the prognostic
significance of lymphocytopenia but not monocytosis. How-
ever, the difference in the monocyte count may also have been
intricately involved with prognosis. First, an attempt to com-
bine the dichotomized ALC and AMC more accurately reclas-
sified patients into high- and low-risk strata according to their

Figure 3. Comparison of ALC/AMC ratio and International Prognostic Score in limited-stage disease (A, C) and advanced-stage dis-
ease (B, D).

Abbreviations: ALC, absolute lymphocyte count; AMC, absolute monocyte count.

877Koh, Kang, Park et al.

www.TheOncologist.com



AMC. Second, multivariate analysis showed the independence
of the ALC/AMC ratio, although the AMC was not an inde-
pendent prognostic factor.

In the multivariate analysis, a low ALC/AMC ratio was an
independent prognostic marker for OS outcome (p � .039), in
line with a previous study by Porrata et al. [15], although the
cutoff value was different, possibly reflecting the difference in
population. In our study, however, a low ALC/AMC ratio was
not significantly associated with the EFS outcome. The reason
why the effect of the ALC/AMC ratio is greater for the OS out-
come than for the EFS outcome is unclear, although one expla-
nation could be that patients with an ALC/AMC ratio �2.9 are
more difficult to salvage after treatment failure or relapse.
Only 10 of 42 patients with an ALC/AMC ratio �2.9 (23.8%)
expired after treatment failure or relapse, whereas 35 of 58 pa-
tients with an ALC/AMC ratio �2.9 (60.3%) expired. This
suggests that patients with an ALC/AMC ratio �2.9 may be
more resistant to salvage treatment.

In our correlation analysis with TAMs, the ALC/AMC ra-

Figure 4. Comparison of the survival using the cutoff value of
2.9 for ALC/AMC ration at diagnosis in patients with the nodular
sclerosis subtype (A) and mixed cellularity subtype (B) of Hodg-
kin’s lymphoma.

Abbreviations: ALC, absolute lymphocyte count; AMC, abso-
lute monocyte count.

Figure 5. Spearman correlation between peripheral monocytes
(%) and number of CD68� cells (p � .019) (A), peripheral mono-
cytes (%) and number of CD163� cells (p � .001) (B), and the
ALC/AMC ratio and number of CD68� cells (p � .006) (C).

Abbreviations: ALC, absolute lymphocyte count; AMC, abso-
lute monocyte count.
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tio and the monocyte percentage of the differential count were
correlated with the TAM content. Here, the CD163 index had a
better correlation with the ALC/AMC ratio and monocyte per-
centage than did the CD68 index. Although the heterogeneity
of TAM expression with regional variation in histological sec-
tions may be responsible for this difference [28, 29], this also
suggests that CD163 may be a superior marker of TAMs be-
cause of its higher specificity for the monocyte/macrophage
lineage than CD68 [30].

Regarding histologic subtypes, an ALC/AMC ratio �2.9
was associated with a significantly poorer OS rate in patients
with the NS and MC subtypes. However, BNLI grade was not
prognostic for the OS outcome (data not shown), which is con-
sistent with results from another Asian study [31]. Previous
studies on BNLI grading have yielded contradictory results
[32–39].

Our study has several novel findings. First, this study is the
first to correlate the peripheral blood monocyte count and
ALC/AMC ratio with the TAM count in corresponding histo-
logical sections for each patient. The result showed correlation
between the ALC/AMC ratio and peripheral blood monocyte
percentage, but no correlation with the AMC, which suggests a
complex relationship between the AMC and the density of
TAMs. Secondly, the ALC/AMC ratio was shown to have a
prognostic role in patient with cHL with limited-stage disease.
This issue deserves further study in a larger population. The
limitation of this study includes the retrospective nature of the
study design, short follow-up period, and relatively small sam-
ple size of patients.

In conclusion, our study suggests prognostic utility for the

ALC/AMC ratio in cHL patients and supports the prognostic
relevance of host immunity and the tumor-associated microen-
vironment in clinical outcomes in cHL patients. Although
some correlation was observed among the ALC/AMC ratio,
peripheral blood monocyte percentage, and TAM content, the
ALC/AMC ratio offers new information about the risk for a
patient with cHL, suggesting a promising role when added to
the armamentarium of TAMs and the IPS in the stratification
of cHL patients. The ALC/AMC ratio prognostic score, ob-
tained from a CBC at diagnosis, is simple, widely available,
and easy to use in clinical practice. In terms of the value per
cost, the ALC/AMC ratio will probably be one of the most in-
expensive tests that may be used as a predictive model in can-
cer. Further studies, including prospective clinical trials, are
required to investigate the effect of the ALC/AMC ratio on
clinical outcomes, and to confirm the present findings.
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