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lthough Hodgkin’s lymphoma (HL) can be consid-

ered a successful paradigm of modern treatment

strategies, about 15-20% of patients with advanced-
stage HL still die following relapse or progressive disease
and a similar proportion of patients are over-treated,"” lead-
ing to treatment-related late sequelae including solid tumors
and end-organ dysfunction.** To help guide treatment deci-
sions, the distinction between classical HL and nodular lym-
phocyte-predominant HL and the separation of limited and
advanced-stage disease are widely used in clinical practice.
Most patients present with advanced-stage classical HL and
for this group of patients the International Prognostic Score
was introduced more than a decade ago to improve risk
stratification.” However, neither the International
Prognostic Score itself nor any of the individual clinical vari-
ables can predict the majority of patients in whom standard
therapy will fail to eradicate the disease. Novel biological
markers that improve on primary treatment outcome pre-

diction across all clinical stages will, therefore, be critical to
advancing the field.

The histological hallmark of HL is the presence of the
malignant mononuclear Hodgkin and polynucleated Reed
Sternberg (HRS) cells in classical HL and so-called lympho-
cyte predominant cells in nodular lymphocyte-predominant
HL.° These malignant cells are, however, greatly outnum-
bered by the reactive cells in the tumor microenvironment.”
Because of the prominent and abnormal immune reaction
that creates this variable microenvironment, the biology of
HL can be considered unique among lymphomas. Many
studies in HL have, therefore, focused on the cellular com-
position of the microenvironment, not only to gain more
insight into the pathobiology of the disease, but also to
explore whether these immune-related cells in some way
contribute to outcome prediction.

In this issue of the journal, Kamper ez al. used immunohis-
tochemistry to investigate a large number (n = 288) of pre-
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Table 1. Studies on the prognostic value of tumor-associated macrophages in classical Hodgkin’s lymphoma.

Markers used Method # Outcome correlation Reference
PNA Histochemistry 43 Adverse (refractory disease, early relapse) Ree et al,, Cancer 1985"
STAT1, ALDHIAI GE, IHC 235 Adverse (disease-specific survival) Sanchez-Aguilera et al., Blood 2006"
LYZ, STAT1, ALDH1AL GE, IHC 194 Adverse (refractory disease, early relapse) Sanchez-Espiridion et al., Clincial
Cancer Research 2009"
CD68 [HC 166 Adverse (progression-free survival, Steidl et al., NEJM 2010°
disease-specific survival)
LYZ, STAT1 GE 262 Favorable (failure-free survival) Sanchez-Espiridion et al., Blood 2010"
CD68, CD163 [HC 288 Adverse (event-free survival, overall survival) Kamper et al,, Haematologica 2011
CD68 [HC 59 Adverse (refractory disease) Benedicte et al., Blood 2010 [abstr.]*
CD68 (also in combination
with FOXP3) [HC 122 Adverse (freedom from treatment failure,
overall survival) Greaves et al., Blood 2010 [abstr.]®
CD68 [HC 144 Adverse (event-free survival, Yoon et al., Blood 2010 [abstr.]*
disease-specific survival)
CD68 [HC 105 Adverse (overall survival) Tzankov et al. [personal communication]
CD68 [HC 45 Adverse (progression-free survival) Hohaus & Larocca
[personal communication]
CD68 [HC 153 Adverse (overall survival, progression-free survival) ~ Farinha et al. [abstr.]*

PNA: peanut agglutinin, GE: gene expression (mRNA), IHC: immunohistochemistry.

treatment biopsies from patients with HL and found a sig-
nificant  correlation = between  tumor-associated
macrophages and adverse treatment outcome. Moreover,
they demonstrated a previously unrecognized association
of CD68* macrophages with latent Epstein-Barr virus (EBV)
infection of the tumor cells.? This study, together with oth-
ers listed in Table 1, convincingly validates similar findings
of an earlier study suggesting that the number of CD68*
macrophages can be used as a reliable biomarker in HL.?

Tumor-associated macrophages predict unfavorable treat-
ment outcomes in classical Hodgkin’s lymphoma

Including the study by Kamper et al, multiple reports
now support the value of enumerating tumor-associated
macrophages in pretreatment biopsies for outcome predic-
tion in classical HL (Table 1). As early as 1985, Ree and
Kadin suggested that macrophages in HL biopsies had a
prognostic value when they found the number of peanut
agglutinin-binding macrophages was correlated with the
presence of B symptoms and primary treatment failure."
However, the authors restricted their analysis to nodular
lymphocyte-predominant and mixed cellularity HL. Further
evidence of the importance of tumor-associated
macrophages was suggested from gene expression profiling
studies of larger cohorts of patients, including those with all
subtypes of classical HL: these studies identified
macrophage signatures as being associated with primary
treatment failure.”"' From these studies, CD68 in particular
emerged as the first routinely used immunohistochemical
marker detecting a macrophage-associated antigen that was
independent from other clinical parameters in multivariate
analysis. Of note, the number of CD68" cells in pretreat-
ment biopsies was not only associated with primary treat-
ment failure, but also with failure of subsequent secondary
therapies including autologous stem cell transplantation.

Thus far, only one published study has found a correlation
of gene expression of macrophage-associated genes with
favorable outcome.” However, in two eatlier studies, the
authors of this study reported that the same genes, namely
LYZ and STAT1, were linked to unfavorable outcome, find-
ings that the authors also validated by immunohistochem-
istry.""*® Clarification of these contradictory results is need-
ed.

Lack of reproducibility and inconsistency of scoring have
been repeatedly named as potential pitfalls for the routine
use of immunohistochemical biomarkers. In the present
study Kamper et al. address this issue by employing a semi-
quantitative computer-assisted stereological analysis sys-
tem that records the percentage of positively stained cells in
an unbiased way that is free of inter- and intra-observer
variability. Although it is reassuring that the correlation of
tumor-associated macrophages with adverse treatment out-
come was validated using this more objective methodology;,
the standard use of semi-quantitative methods for the
assessment of immunohistochemical biomarkers will be
confounded by the general lack of availability of such tech-
nologies in the routine laboratory setting.

The phenotype of tumor-associated macrophages and
correlation with latent Epstein-Barr virus infection

The authors of the present study also used CD163 as a
reportedly more specific marker for alternatively activated
macrophages (M2) and found similar correlations with
overall and event-free survival as for CD68. Interestingly,
both CD68 and CD163, determined by immunohistochem-
istry, were associated with latent EBV infection of the
malignant cells as detected by the presence of EBV-encoded
RNA. However, when comparing both immunohistochem-
ical stains, the number of CD163* cells seemed to be more
closely correlated with EBV infection. These associations
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have not been previously described and warrant further
investigations aiming to define the specific phenotypes of
tumor-associated macrophages in HL which are possibly
linked to EBV infection. In a re-analysis of our data we were
able to confirm a relationship between increased tumor-
associated macrophages and EBV positivity; however, virtu-
ally all of our cases were of the nodular sclerosis subtype
and EBV alone was not associated with treatment outcome
(unpublished observations, 2010). EBV infection of HRS cells
has been reported in up to 60% of patients and is more fre-
quent in mixed cellularity subtype, although varying with
geographical location, age, gender, clinical stage and histo-
logical subtype." The impact of EBV infection on outcome
remains controversial, but appears to be dependent on age.
Accordingly, many studies support an association between
EBV positivity and adverse outcome in older adult
patients,”" while in younger and, specifically in pediatric
patients, EBV positivity has been linked to better out-
come.”®" It will be of interest in subsequent studies to
assess the interaction between EBV infection and tumor-
associated macrophages as outcome predictors in cHL.

The study in this issue of the journal also raises the ques-
tion of which marker should be used to reliably and repro-
ducibly identify tumor-associated macrophages and which
provides the best information for clinical use. Kamper et al.
used two different antibodies against macrophage-associat-
ed antigens, namely CD68 and CD163, but no firm conclu-
sions could be reached concerning which marker should be
preferred. While CD68 is reported to be a pan-macrophage
marker with less specificity, CD163 expression is consid-
ered more specific for tumor-infiltrating macrophages.”
However, in their study only CD68 staining retained a sig-
nificant influence on overall survival in multivariate analy-
sis, rather suggesting that CDG68 staining could be used for
outcome prediction. Further study is needed to determine
the optimal antigen (e.g. CD68 versus CD163), anti-CD68
antibody clone (e.g. KP1 versus PGM1) and scoring thresh-
olds (e.g. manual versus computer-assisted) for detecting HL-
associated macrophages.

Combination of CD68 with other biomarkers

The prognostic value of individual biomarkers, especially
those based on immunohistochemistry, has been repeated-
ly demonstrated in lymphoid malignancies. In HL, several
biomarkers other than CD68 have been reported to be asso-
ciated with treatment outcome, in particular markers
expressed by certain T-cell subsets.”** It, therefore, appears
to be a logical next step to explore whether multi-gene pre-
dictors combining different markers can exceed the per-
formance of individual biomarkers alone with the aim of
better outcome prediction following primary treatment in
HL. This approach was already tried in some studies using
low-density gene expression techniques™® or genome-
wide gene-expression profiling, developing predictors for
favorable and unfavorable treatment outcome.” The results
show some promise; however, widespread application in
routine practice is doubtful given the challenges of technical
reproducibility. The preliminary results of an immunobhisto-
chemistry study combining two markers, CD68 and
FOXP3 (a marker for regulatory T cells), were presented at
the ASH 2010 meeting. The authors showed that a com-
bined FOXP3/CD68 immunohistochemistry score was an

improvement over the predictive value of the individual
markers alone and that this score was applicable to both
limited and advanced-stage disease. The value of this com-
bined biomarker strategy must await publication of the
complete results of the study.”

Perspective

The number of tumor-associated macrophages has been
identified as an adverse prognostic factor in many solid
tumors.” In lymphoid cancers, studies of follicular lym-
phoma and the most recent data from HL confirm that the
presence of macrophages as part of the tumor microenvi-
ronment reflects specific tumor biology linked to treatment
failure.” However, many questions remain regarding the
exact mechanisms of how HRS cells can attract and induce
differentiation of monocytes/macrophages, how
macrophages contribute to HRS cell growth and how HRS
cells might gain immune privilege through this unique inter-
action. Besides further detailed molecular characterization
of HRS cells, it appears that cellular enrichment and charac-
terization of macrophages from primary clinical material
will be critical to gain further insight into the unique pheno-
type and gene expression profile of HL-associated
macrophages. Recently, several molecules that have been
implicated in macrophage chemotaxis and signaling have
been linked to HL pathobiology, including CSFI1R,
fractalkine, MIF and CD74.%% Some of these molecules
might be promising targets for novel drug therapies aiming
at macrophages directly or at the interface between HRS
cells and their tumor microenvironment.

The research towards the goal of better outcome predic-
tion in HL is dominated by two important questions. First,
can information on tumor-associated macrophages and
other biomarkers be integrated into routine clinical practice
in order to facilitate the decision to escalate or de-escalate
primary treatment¢ Secondly, can the same biomarker pro-
file be used to guide the choice of salvage therapy¢ To
resolve these issues it seems reasonable to combine bio-
markers such as CD68 with other immunohistochemical
and clinical markers (e.g. regulatory T cells, stage) on the
basis of pre-existing data derived from retrospective studies.
However, integration of biomarkers into prospective clini-
cal trials is desperately needed to convincingly show an
improvement compared to risk stratification based solely
on clinical parameters. Finally, future studies should exam-
ine whether the approach of identifying biomarkers prior to
therapy is equal or superior to assessing disease markers
during and after treatment, as realized by interim positron
emission tomography scanning” and measuring serum
markers (e.g. TARC).** However, based on ten of the 11
studies listed in Table 1, the prognostic relevance of tumor-
associated macrophages in HL has been retrospectively val-
idated and now deserves to be analyzed going forward at
both biological and clinical levels in the context of prospec-
tive clinical trials.
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