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ABSTRACT

Background: Classical Hodgkin’s lymphoma (cHL) represents the majority of HLs with a relatively good prognosis. In 20% of
patients, primary treatment fails. Prediction of treatment failure is critical. A gene signature of tumour associated macrophages
(TAM) correlated with response to treatment as CD68 positive TAM was found to be associated with shortened survival. We aim
to investigate the relation CD68+TAM infiltration to patients’ outcome.

Patients and Methods: Pathological materials of 115 patients with cHL were used. Clinical characteristics of patients were
collected from the records. CD68 immunostaining was performed to determine the number of infiltrating TAM and subsequently
followed by stratification of results. Results of CD68 immunostaining were statistically analysed to correlate the extent of CD68+
TAM infiltration with clinicopathological characteristics, treatment outcome, and patients’ survival.

Results: High CD68+TAM infiltration was observed in more patients of cHL (96/115 of patients = 83.5%). High CD68+TAM
infiltration was associated with extranodal presentation (P =.001), and higher stage (P = .022). No associations with other
clinicopathological parameters were found. High CD68+TAM infiltration was not found to be an independent predictor of
treatment outcome. High CD68+TAM infiltration correlated with disease free survival (DFS) (log-rank = 4.505, P = .034) but not
with disease specific survival (DSS) (log-rank = 1.371, P =.242).

Conclusions: The results of our study support the adverse prognostic effect of high TAM in cHL. Technical standardisation of
CD68 immunostaining is required to establish TAM infiltration as a prognostic predictor. Also in vivo and in vitro cHL models
have to be established for proper understanding of the role of CD68 in modulating the TAM in cHL.
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1. INTRODUCTION

Hodgkin’s lymphoma (HL) represents around 30% of lym-
phomas and is composed of two different disease cate-
gories; nodular lymphocyte-predominant HL and classical
HL (cHL). cHL represents nearly 95% of HLs.['"3 cHL has
a relatively good prognosis and with current chemothera-
peutic and radiotherapeutic regimens, patients cure can be
achieved in 80% of cases. The remaining 20%, patients may
be refractory to primary treatment or show relapse after re-
mission. Also, 90% of untreated patients die 2-3 years.[!:+5!
Accordingly, identification of patients with treatment fail-
ure or relapse is currently a challenge.®! The international
Prognostic Score (IPS) is widely used as for prognosis, it
is reproducible and consistent, however; it cannot reliably
identify treatment failure.!”! In addition, other clinical param-
eters cannot predict the majority of standard therapy failure.
So, novel and robust biological markers for prediction of
primary treatment outcome in disease stages are critical. Fur-
thermore, cHL molecular model is needed to improve our
understanding the pathogenesis and biology of treatment
failure.[®-%1

The histological hallmark in cHL is the malignant Hodgkin’s
and Reed Sternberg (HRS) cells.!'”? HRS cells represent a
small fraction of the tumour and secrete cytokines responsi-
ble for recruiting the large number of reactive non-neoplastic
cells including T cells, B lymphocytes, macrophages, neu-
trophils, eosinophils, plasma cells, mast cells, and fibrob-
lasts, which constitute the tumour microenvironment.!*) The
prognostic impact tumour microenvironment was studied.
The presence of numerous tumour associated macrophages
(TAM) in HL correlated with B symptoms and a poor re-
sponse to therapy.l'>* Also, TAM had been associated with
disease status in non-haematological malignancies.!'3-17}
A gene signature of TAM associated with primary treat-
ment failure in cHL and immunohistochemical detection
of TAM was correlated with a shorter disease free sur-
vival (DFS).['8291 CD68 is a glycoprotein that is used as
macrophage marker and also can be detected in other cells as
dendritic cells, myeloid cells, fibroblasts, Langerhans cells
and other cells.!*!>1 CD68 positive TAM in cHL gained an
interest and was found to be associated with shorter disease
specific survival (DSS).['1

The aim of any research regarding TAM should be directed
towards prediction of treatment outcome in cHL and appli-
cability in clinical practice. We aim from the current study
to confirm the relationship between CD68+TAM infiltration
and clinical outcome in a subset of cHL patients treated with
the standard chemotherapy and radiotherapy regimens.
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2. MATERIALS AND METHODS

2.1 Patients

The study included paraffin wax blocks of tumours from
115 patients with cHL. Patients’ histological materials were
retrieved from the archive of the Department of Pathology at
King Faisal Specialist Hospital and Research Centre, Jeddah,
Saudi Arabia. Diagnosis was reviewed and confirmed accord-
ing to the histological and immunostaining characteristics
defined in the World Health Organisation classification.!"’
Clinical characteristics of patients were collected from the
records and are listed in Table 1. IPS was calculated as
previously described.’! Patients were categorised as low-
risk if the IPS was less than three and high-risk if IP was
three or more. Staging of the disease was done according
to the Cotswolds modification of the Ann Arbor classifica-
tion.[”>! The patients were treated initially with 4-8 cycles
of chemotherapy and when indicated, followed by involved
field of radiotherapy for patients with limited disease or ini-
tially bulky mass. Primary treatment success was defined
as the absence of progression or relapse. Primary treatment
failure was defined if cHL had progressed at any time after
the initiation of therapy. All patients’ samples and related
data analyses were performed after approval by the ethical
review board of King Faisal Specialist Hospital and Research
Centre.

2.2 CD68 immunostaining

Four pim sections were sectioned from paraffin blocks of tu-
mours and mounted on ready to used positively charged
slides (Leica Microsystems Plus Slides, Menzel, Braun-
schweig, Germany). Immunostaining was done in Bench-
Mark immunostainer (BenchMark XT, Ventana® Medical
systems Inc., Tucson, AZ, USA) according to the manu-
facturer’s instructions. Pre-treatment was done using CC1
(prediluted cell conditioning solution) for 30 minutes. Mon-
oclonal mouse anti-human CD68 primary antibody (clone
PG-M1, dilution1:100, Dako, Glostrup Denmark) was used.
Anti-CD68 antibody was incubated with tissues for 32 min-
utes at 37°C . Ventana® I-view DAB detection kit was used
according to kit manufacturer instructions. Subsequently,
slides were washed, counterstained with Mayer’s haema-
toxylin, and mounted. Negative control (by substitution of
primary antibody with Tris-buffered saline) was used. Posi-
tive control tissue form tonsil was used.

2.3 Interpretation of CD68 immunostaining

Areas containing tumour were analysed, and areas of fibrosis,
necrosis, or reactive lymphoid tissue were avoided. TAMs
exhibiting granular cytoplasmic staining were considered
positive. Scoring of CD68 immunostaining in TAM was
performed in HRS rich areas in each tumour section.
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Table 1. Demographic and Clinical Characteristics

Number (%)

Sex

Age
(range: 7-80 years)

Histological subtypes

Extranodal disease
presentation

Constitutional symptoms

Spleen involvement

Bulky disease

IPS

Ann Arbor stage

Primary chemotherapy
treatment

Type of chemotherapy

Primary radiotherapy
treatment

Primary treatment
outcome (first relapse)

Bone marrow
transplantation (in 54
relapsing patients)

Second relapse after
salvage treatment (bone
marrow transplanted
patients). n = 26

Status

Male
Female

> 45 years
<45 years
NSHL
MCHL
LRHL
LDHL
Present
Absent
Present
Absent
Present
Absent
>10 cm
<10 cm
0-2 (low risk)
> 3 (high risk)
I

I

1

v

Given
Not given
ABVD
Others
Not given
Given
Not given
No relapse

Relapse

Done

Not done

Present

Absent

Alive without disease
Alive with disease

Dead

72 (62.6%)
43 (37.4%)
91 (79.1%)
24 (20.9)

89 (77.4%)
17 (14.8%)
9 (7.8%)

0 (0%)

2 (1.7%)
113 (98.3%)
79 (68.7%)
36 (31.3%)
24 (20.9%)
91 (79.1%)
12 (10.4%)
103 (89.6%)
61 (53%)
54 (47%)
5(4.3%)

42 (36.5%)
32 (27.8%)
36 (31.3%)
113 (98.3%)
2 (1.7%)
103 (89.6%)
10 (8.7%)
2(1.7%)

51 (44.3%)
64 (55.7%)
61 (53%)
54 (47%)
26 (48.1%)

28 (51.9%)

8 (30.8%)

18 (69.2%)

81 (70.4%)
15 (13%)
19 (16.5%)

Note. IPS = International Prognostic Score; ABVD = (Adriamycin® [doxorubicin], bleomycin,

vinblastine and dacarbazine); NSHL =Nodular Sclerosis Hodgkin’s Lymphoma; MCHL = Mixed

Cellularity HL; LRHL= Lymphocyte Rich HL; LDHL= Lymphocyte Depletion HL.
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The percentage of CD68-positive TAM was calculated
against the overall cellular component in each section. The
percentage of positivity was classified into four scores;
{score 1} < 5% positive cells, {score 2} 5%-25% positive
cells, {score 3} 26%-50% positive cells, and {score 4} >
50% positive cells.!'%26] We have used a 25% cut-off point
to stratify each result as low CD68+ TAM infiltration (scores
1 and 2) and high CD68+ TAM infiltration (scores 3 and 4).
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Figure 1. Immunostaining of CD68 in classical Hodgkin’s
lymphoma. Representative sections are shown from
different histological subtypes. A: Section representing
CD68 immunostaining in less than 5% of macrophages. B:
Section representing CD68 immunostaining from 5%-25%.
C: Section representing CD68 immunostaining from
26%-50% of macrophages. D: Section representing CD68
immunostaining in more than 50% of macrophages. Original
magnification used was 100x. Immunostaining labelling
was done using anti-CD68 antibody, diaminobenzidine as
the chromogen, and haematoxylin as counterstain.

2.4 Statistical analysis

Difference of CD68+ TAM infiltration in two groups of pa-
tients was tested by Mann Whitney test and between three
groups of patients by the Kruskal-Wallis. Wilcoxon signed
rank test was used to compare differences between two re-
lated groups of paired variables. Binary logistic regression
analysis was used to predict treatment outcome in relation
CD68+ TAM infiltration and IPS. Estimated odds ratio ex-
ponential (B), 95% confidence interval (CI) for exp (B), and
significance denoted for each analysis. The Kaplan-Meier
procedure was used to calculate DFS and DSS probabilities.
The Log Rank was used to compare the difference between
survivals.
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Table 2. Correlation of CD68+ TAM infiltration in relation to clinicopathological characteristics

CD68+ TAM infiltration

- P value
Low n (%) High n (%)
0, 0,
Sex Male 10 (13.9%) 62 (86.1%) 3978
Female 9 (20.9%) 34 (79.1%)
> 45 years 17 (18.7%) 74 (81.3%)
Age (range: 7-80 years) 227®
<45 years 2 (8.3%) 22 (91.7%)
NSHL 15 (16.9%) 74 (83.1%)
Histological subtypes MCHL 2 (11.8%) 15 (88.2%) 781
LRHL 2 (22.2%) 7 (77.8%)
. . Present 2 (100%) 0 (0%) =
Extranodal disease presentation .001
Absent 17 (15%) 96 (85%)
o Present 10 (12.7%) 69 (87.3%) =
Constitutional symptoms .100
Absent 9 (25%) 27 (75%)
. Present 4 (16.7%) 20 983.3%) 5
Spleen involvement 983
Absent 15 (16.5%) 76 (83.5%)
. >10cm 18 (17.5%) 85 (82.5%) -
Bulky Disease 422
<10cm 1(8.3%) 11 (91.7%)
) . 0-2 (Low Risk) 12 (19.7%) 49 (80.3%) =
I PS (Inter national Prognostic Scor €) 336
>3 (High Risk) 7 (13.0%) 47 (87.0%)
| 2 (40%) 3 (60%)
V) 0,
Ann Arbor stage II 6 (14.3%) 36 (85.7%) 0228
111 6 (18.8%) 26 (81.3%)
v 5(13.9%) 31 (86.1%)
. i 18 (15.99 4.19
Primary chemother apy treatment Given 8 (15.9%) 95 (84.1%) .200%
Not given 1 (50%) 1 (50%)
ABVD 17 (16.5%) 86 (83.5%)
Type of chemother apy Others 1(10%) 9 (90%) 383*
Not given 1 (50%) 1 (50%)
. . Given 10 (19.6%) 41 (80.4%) =
Primary radiotherapy treatment ) 428
Not given 9 (14.1%) 55 (85.9%)
Curative 9 (19.1%) 38 (80.9%)
Type of radiotherapy Palliative 1(12.5%) 7 (87.5%) .808*
Both 9 (15%) 51 (85%)
. i 7 (139 47 (879
Primary treatment outcome Failure (13%) (87%) .336%
Complete remission 12 (19.7%) 49 (80.3%)
Bone marrow transplantation (in 54 Done 26 4 (15.4%) 22 (74.6%) 6188
relapsing patients) Not done 28 3(10.7%) 25 (89.3%)
Second relapse after salvage treatment (bone Absent 18 2 (11.1%) 16 (88.9%) 5678
marrow transplanted patients). n = 26 Present 8 2 (25%) 6 (75%)
Alive without disease 17 (21%) 64 (79%)
Status Alive with discase 0 (0%) 15 (100%) 101*
Dead 2 (10.5%) 17 (89.5%)
Note. ® Mann-Whitney test; * Kruskal-Wallis test.
12 ISSN 1925-4067 E-ISSN 1925-4075
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For DFS, time was calculated from the date of diagnosis to
the appearance of disease relapse, or progression (or date
last seen disease-free). For DSS, time was calculated as the
time from diagnosis to the date of death from lymphoma, its
treatment, or last contact. Patients were censored if, died of

unrelated causes or discontinued treatment for any reason.

Statistical procedures were performed using SPSS® Release
16.0. Statistical significance was determined at P value of <
.05 and was 2-sided.

3. RESULTS

3.1 CD68 immunostaining

Granular cytoplasmic CD68 immunostaining was observed
in TAM as shown in Figure 1 with clean background. Low
CD68+TAM infiltration was observed in a lower number of
tumours (n = 19 ,16.5% ) than high CD68+TAM (n = 96,
83.5% ) (P < .001).

1.0- CD68+TAM Infiltration
«+ * Low CD68+ TAM infiltration
- High CD68+ TAM infiltration
0.8
-
I
5 0.6
7]
g
F=}
z
0.4
5
9}
0.2
0.0

T T T
80 100 120

Disease Free Survival Time (Months)

Figure 2. Kaplan Meier Disease-Free Survival (DFS) curve
in relation to CD68+TAM infiltration (log-rank = 4.505, P =
.034). Patients with low CD+68 TAM infiltration had longer
survival than those showed high CD68+ TAM infiltration.
Cut-off point used was 25%.

3.2 Association of CD68+ TAM infiltration with clinico-
pathological features

High CD68+TAM infiltration was significantly associated
with extranodal presentation of cHL (P =.001) and higher
stages tumours (stage 2, 3, and 4) than in stage 1 (P =.022).
However, there was no significant association of CD68+
TAM infiltration with the rest of clinicopathological parame-
ters. The association between CD68+ TAM infiltration and
clinicopathological features are listed in Table 2.

Published by Sciedu Press

3.3 Correlation of CD68+ TAM infiltration with patient
outcome (relapse or death)

Logistic regression analysis showed that CD68+ TAM in-
filtration was not an independent predictor of primary treat-
ment outcome (P =.337, Exp(B) = 1.644, CI = 0.596-4.535).
Also, the IPS was not found to be an independent predic-
tor of treatment outcome (P = .174, Exp(B) = 1.670 [CI =
0.798-3.498]). In survival analysis, there was a significant
correlation between high CD68+ TAM infiltration and DFS
(log-rank = 4.505, P = .034). Survival curve is shown in Fig-
ure 2. However, there is no significant correlation between
high CD68+ TAM infiltration and DSS (log-rank = 1.371, P
=.242). Survival curve is shown in Figure 3.

1o CD68+ TAM infiltration
-2t Low CD68+ TAM infiltration
-7 High CD68+ TAM infiltration
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Figure 3. Kaplan Meier Disease-Specific Survival (DSS)
curve in relation to CD68+TAM infiltration (log-rank =
1.371, P =.242). There was no significant difference in
survival probabilities. Cut-off point used was 25%.

4. DISCUSSION

The cellular microenvironment plays an important role in
the pathogenesis of HL.'!:1%:27:28] cHL, microenvironment
is modulated by cytokines and chemokines produced by
HRS cells.””®! The non-neoplastic cells are suggested to
have a strong contribution to the biological behaviour of HL
as well as prediction of treatment outcome.'?:3%) Immuno-
histochemical typing of microenvironment cells is increas-
ing to understand the biology of cHL and to identify novel
prognostic and therapeutic targets.l*”] Gene expression pro-
filing studies have evidenced an adverse outcome in patients
with the macrophage gene signature.!'%3-33 The most com-
mon marker used for immunohistochemical detection of
TAMs is CD68, which is expressed in a wide range of mono-
cytes/macrophages and dendritic cells.[>>24
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Table 3. Studies using CD68 immunostaining in evaluation of TAM in cHL
Number of Antibody

SN Author () Y ear Clone Scoring M ethod Cut-off point Results (High CD68)
. . Associated with DFS and
1 Seideta. ™ 2010 166 KPL Manual Visual 5% D‘:"' Wit poor DS an
. Associated  with DFS,
2 Yoonetal ™ 2010 144 KPL Manual Visual 20% Spaa®a with - poor
DSS, 0S
3 Tzankov et al. 4 2010 105 PG-M1 Manual Visual >0.82% Associated with poor OS
4 Zaki et al. ¥ 2011 82 PG-M1 Manual Visual Median Associated with poor OS
Associ ith DF
5  Jkovicetal.®l 2011 52 PG-M1 Manud Visid  25% O’:"C'ate‘j with poor DFS &
Associ ith DF
6  Kamperetal.™ 2011 288 KP1 Computer assisted  7.8% O?C'&ed with poor DFS &
. , <5%~5%25%  Not iated with clinical
7 Harisetal. 2012 44 KPL Manual Visud o~ Sreovs O asspadied with - ciini
~>25% outcome
Sanchez-Espiridi . 5%, 25% and _ _
8 CEZESpINdION 015 206/108*  KPUPGML  Manual Visual o £hen Associated with DSS
etal. ¥ 75%
. Not iated with clinical
9 Barroset al. [ * 2012 95 PG-M1 Computer assisted ~ 25% ot asnd with - ciini
outcome
_ _ Two cut-off Not iated with clinical
10 Azambujaetal.'® 2012 265 KPL Manual Visua Wo et ot esspciated with - ciini
5% and 25% outcome
. ' Associ ith DF
11 Tanetal (V% 2012 247 KP1 Computer assisted 1, 706 ssociated with poor DFS &
(Aperio) oS
<5%
12 Greavesetal. 2013 122 KP1 Computer assisted  5-15% Associated with poor OS
> 15%
< 5% ~ 5%-25%
. Not iated with clinical
13 Guptaetal.®¥* 2013 96 KP1 Manual Visual ~ 26%-50% ~ ot essoqided with — clint
outcome
> 50%
Associated with poor PFS
14 Deauetal. ™ 2013 59 KP1 Manual Visual 25% Associated with refractory and
early relapsed patients
Associated with PFS and
15  Panicoetal. 2013 154 KPL Manual Visua 30% or more ssociated with poor Fs an
Short OS
16  Casuloetal.™ 2013 81 KP1 Manual Visual 30% Associated with poor OS
\ . N
17 Kayd etal.™ 2014 100 CD68/G2 Manual Visud 25% ot associated with - clinical
outcome
18  Current study 2014 115 PG-M1 Manual Visual 25% Associated with poor DFS

Note. * Paediatric group; * Two different groups; ® Multicentre study. DFS: Disease free survival; DSS: Disease specific survival.

In the current study, CD68+ TAM infiltration is increased in CD68+ TAM infiltration.!>3%! This may be related to the
cHL. This result is similar to previous study.[*>3¢! However, difference in the cut-off point of scoring (see Table 3). In the
others found no significant difference between low or high present study, there was no statistically significant associa-
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tion between high CD68+ TAM infiltration and most clinico-
pathological features (apart from extranodal presentation and
high disease stages). Similar findings were reported in pre-
vious studies.!'%37401 Also high CD68 was not found to be
independent predictor of primary treatment outcome. How-
ever, different studies reported different association of high
CD68 with some clinicopathological findings as B symp-
toms, 3841421 age 35411 mixed cellularity subtype,>3%41-43]
primary treatment failure,!>!36:38] male sex,*! bulky dis-
ease,?>! and IPS.[3%37-4!1 In our study, there was association
between high CD68+ TAM infiltration and higher disease
stage similar to previous reports.!1%3342.44]

In the present study, we demonstrated a positive correlation
between high CD68+ TAM infiltration and shortened DFS
but not DSS. Several studies (see Table 3) reported associ-
ation of high CD68+ TAM infiltration with poor survival
outcome using DFS, DSS, or overall survival (OS). Table
3 summarises 17 studies concerning the relation between
CD68+ TAM infiltration and survival outcome. Different
cut-off points were used and accordingly the results are dif-
ferent. While, most studies reported association between
high CD68+ TAM infiltration and poor survival outcomes
(DFS,[5’19’35_38’41] DSS,[13’19’36| or OS),[5’35_37’41_45] fewer
studies found that there no relation between high levels of
CD68+ TAM infiltration and outcome.!!6-26:3%401 The results
from our study support the trend that higher CD68+ TAM
infiltration in TAM can be used as a biological marker for
stratification of patients with risk of adverse outcome.

Lack of reproducibility of immunohistochemistry results is
a major drawback for application of predictive markers of
lymphomas in clinical practice.! 1644461 The lack of repro-
ducibility and inconsistency in immunohistochemistry may
result from issues related to the clone of antibody used, the
scoring of immunostaining including the cut-off point and
using manual or visual methods of scoring. Intra-tumour
heterogeneity may be also another factor. As shown in Table
3, there are few discrepancies regarding relation of CD68+
TAM infiltration with outcome in cHL. This may be related
to difference in number of cases used, anti-CD68 clone, the
scoring method, and the cut-off point. The vast majority of
published studies concerning CD68 immunohistochemistry
used either the clone KP1 or PGMI1. In the present study,
the more specific PGM1 anti-CD68 antibody was used. KP1
clone is widely used to detect CD68+ TAM infiltration. How-
ever, it has a lower specificity as it stains non-hematopoietic
cells.l16: 1947491 The staining of such cells may complicate
immunostaining results. PGMI1 clone is more specific for
in detecting CD68 positive TAM.[?*4 Using PGM1 is rec-
ommended for more specific results and the clone should be

Published by Sciedu Press

standardised for routine detection of CD68 positive TAM.

Most studies in the literature have shown association between
high TAM and poor outcome. However, there was a wide
range of cut-off points of scoring for CD68 immunostaining.
In the current study, 25% was used as a cut-off point and
results were dichotomised into low and high CD68+ TAM
infiltration. There is a wide range of cut-off points in the lit-
erature some are allocated on biased basis. The scoring also
depends upon the clone as KP1 stains more cells in addition
to macrophages. In about one third of recent publications the
25% cut-off point was used (see Table 3). However, there is
also variability in the results from these studies as regards
relation with patient’s outcome. A gold standard for CD68
cut-off is required before transferring the use of CD68 in
clinical practice.

As regards the method of scoring of CD68 immunostaining,
our study used manual visual scoring. Few studies used a
computer assisted methods to quantify immunohistochem-
ical staining of CD68+ TAM infiltration.l>4":3% In two of
them there was association between CD68+TAM infiltration
and poor DFS and OS.5#!! In the third study, there was no
association of CD68 with clinical outcome, probably due to
small number of cases.®”) There was no substantial differ-
ence between manual visual method and computer assisted
method regarding the relation of CD68+ TAM infiltration
with outcome. Challenges in using computer assisted meth-
ods include lack of availability in the routine diagnostic work,
its labour intensiveness, and dependence on the overall visual
volume. So, the semi-quantitative methods are more broadly
applied in clinical practice.

In summary, the results of our study support the adverse
prognostic effect of high TAM infiltration in cHL (namely
extranodal presentation, higher stages of the disease and
shortened DFS). However, the precise way in which CD68+
TAM infiltration positive macrophages affect cHL biology
and treatment failure is not well understood. Technical stan-
dardisation in large series of cHL patients with comparable
clinical stages regarding the cut-off point and scoring method-
ology is required before application of CD68+ TAM infiltra-
tion as a prognostic predictor in cHL. In vivo and in vitro
cHL models have to be established for proper understanding
of the role of CD68+ TAM infiltration in modulating the tu-
mour microenvironment and possible link with HRS in cHL.
Subsequently, large-scale validation and clinical application
should be followed.
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