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The microenvironment of solid tumors has become a promising target for future therapies modulating immune
cells. Patients with advanced head and neck cancer, which still portends a poor outcome, are particularly in need
of innovative approaches. In oral squamous cell carcinoma, high density of tumor-associated macrophages
(TAMs) appears consistently associated with poor prognosis, whereas data are currently limited for other head
and neck sites. Several approaches to block TAMs have been investigated, including TAMs inactivation by means
of the colony stimulating factor 1 (CSF-1)/CSF-1 receptor (CSF-1R) inhibitors or strategies to reprogram TAMs

from M2 protumoral phenotype toward M1 antitumoral phenotype. This review focuses on both prognostic and
therapeutic aspects related to TAMs in head and neck carcinomas.

Introduction

According to recent estimates, cancers of the lip, oral cavity,
pharynx, and larynx account for almost 700,000 new cases and 400,000
cancer deaths worldwide every year, thus ranking seventh in both the
incidence and mortality, and fifth in the 5-year prevalence among all
reported cancers [1]. Despite advances in treatment, prevention, and
disease biology understanding, prognosis in patients with oral cavity or
pharynx cancer remains dismal. Although 5-year overall survival is
about 84% in localized stages, it decreases to 64% and 39% in advanced
setting with regional and distant spread, respectively [2].

The microenvironment of solid tumors has been increasingly re-
garded as a new therapeutic target. The immune cells, including mac-
rophages, represent a major component of tumor microenvironment,
that constitute a link between the innate and adaptative responses [3].
Macrophages can be classified into two subgroups: M1 phenotype,
which is considered proinflammatory and antitumoral; as opposed to

M2 phenotype, possessing immunosuppressive and protumoral effects
[4-6]. Under physiological conditions or induced by interferon-y lipo-
polysaccharides (LPS) and tumor necrosis factor a (TNFa), macro-
phages are polarized into M1 macrophages. The M1 macrophages
produce high levels of interleukin (IL)- 1f, IL-6, CXC ligand 10
(CXCL10), TNFa and inducible nitric oxide synthase (iNOS) and human
leukocyte antigen (HLA)-DR that have antitumoral effects (Fig. 1). On
the opposite way, tumor cells via several pathways (CCL-2, IL6, CSF-1,
PD-1/PD-L1, CD47/SIRPa) activate or switch macrophages to M2
phenotype (Fig. 2). The M2 macrophages express high levels of IL-10,
IL-4 tumor growth factor  (TGFf), CC ligands, vascular endothelial
growth factors (VEGFs) and matrix metalloproteinases (MMPs) to di-
rectly or indirectly increase local inflammation, promote tumor pro-
gression and metastasis, and induce treatment resistance. Tumor-pro-
moting function of macrophages is related to their capacity of secreting
proangiogenic and growth factors and suppressing T-cell effector
function by releasing immunosuppressive cytokines and by affecting
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Fig. 1. Phenotypes and functions of M1 and M2 macrophages in tumor microenvironment. Antitumoral M1 macrophages can counteract the tumor by producing
antitumoral chemokines (CXCL10, TNFa, IL-1B, IL-6, iNOS) inducing immunoactivation and phagocytosis. Protumoral M2 macrophages produce tumor-promoting
factors (IL-10, IL-4, TGF(3, CCLs, VEGFs, MMPs) inducing immunosuppression, invasion, metastasis, tumor growth, and neoangiogenesis. Specific markers to identify
each type of macrophage are represented in green and red (CD40, CD80, CD86 and HDL1-DR for M1 macrophages and CD163 and CD206 for M2 macrophages
respectively). CD68, represented in purple is a panmarker of macrophages of any phenotype, which is present on both M1 and M2 macrophages. (For interpretation
of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 2. Targeting macrophages in the tumor microenvironment. Tumor cells actively attract and activate TAMs harboring M2 phenotype, by both direct contact
through membrane molecules (PD-1/PD-L1 and CD47/SIRPa) and paracrine loops between macrophages and cancer cells (CCL-2, IL-6, CSF-1). Various strategies to
downregulate M2 macrophages or to modulate their functions have been investigated. M2 macrophages can be downregulated by inhibiting CC2R, PGE2, CSF-1R,
PD-1 and CD47. M2 macrophages can switch back to antitumor proinflammatory M1 macrophages upon exposure to IRF-5, SIHP1, RRx-001, and NF-kB modulators.
M1 macrophages can be activated by L-MTP-PE.
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their metabolism [7-10]. However, given a continuum between the M1
and M2 subtypes, the macrophages demonstrate certain plasticity.

Tumor-associated macrophages (TAMs) are defined as macrophages
located in, or at the close vicinity of the tumor. TAMs are primarily
showing characteristics and functions related to M2 protumoral mac-
rophages [11,12]. Several recent preclinical studies demonstrated the
protumoral functions of TAMs. In solid tumors (pancreatic, breast,
ovarian, gastric, bladder, ovarian and thyroid cancers), the presence of
TAMs correlates with poor outcome [13-15]. The relevance of TAMs in
solid tumor was well described for some type of cancer, particularly for
breast cancers [16]. This observation was also reported in oral squa-
mous cell carcinoma (OSCC) but to a lesser extent in other head and
neck cancer subsites [17,18]. Therefore, further improvement of our
knowledge of TAMs in head and neck cancer is necessary for an effec-
tive development of novel anticancer strategies.

Considering the protumoral functions of TAMs, new therapies
against TAMs have recently gained interest. Such treatments, particu-
larly inhibitors of the colony stimulating factor 1 receptor (CSF-1R), are
currently evaluated in several clinical trials [19]. CSF-1R inhibitors may
also be of interest in head and neck carcinoma (OSCC and other primary
sites). In addition, reprogramming TAMs from M2 protumoral pheno-
type toward M1 antitumoral phenotype seems to be an interesting ap-
proach. Another area of research involves combinations with estab-
lished treatment to enhance tumor response.

In this review, we focused on deciphering the role of TAMs in head
and neck cancer and identifying targeted agents relevant for further
clinical testing.

Discussion
Characterization of macrophages in tumor specimens from patients

All published studies used immunochemistry to identify TAMs. In
these studies, the most frequently used markers to detect TAMs were
CD68 and CD163 [20,21]. Immunohistochemistry employing anti-
bodies against CD68 permits to identify all the macrophages regardless
their phenotype. The CD68 marker, a sialomucin member of the sca-
venger receptor supergene family, is expressed by monocytes, macro-
phages and some others hematopoietic cells (dendritic, neutrophils,
basophils and mast cells) [22,23]. The CD163 marker, a hemoglobin-
scavenger receptor highly expressed by M2 macrophages, is further
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used to discriminate between M1 and M2 macrophages (Fig. 3) [21].
The different scoring of CD68 and CD163 immunohistochemistry and
the main findings of the different studies concerning head and neck
carcinoma are summarized in Table 1 and Table 2, respectively.

Macrophages tumor infiltration using antibody CD68

In a limited cohort of 20 cases of oral and oropharyngeal carcinoma
published in 2004, Marcus et al. investigated the presence of macro-
phages using only CD68 antibody. In this study, macrophages were
identified as a prognostic factor in OSCC, since the authors found a
strong correlation with lymph node metastases in a univariate analysis
(p < 0.001) [24].

Lin et al. also used CD68 in 84 cases of laryngeal carcinoma [25].
For every specimen, macrophages were counted in both “intratumoral”
(tumor nest) and “peritumoral” (tumor stroma) areas according to
Soeda et al. [26]. Three “Hot Spots” of CD68-positive macrophages
(CD68+) were selected. Authors classified samples into “low” and
“high” groups based on mean number of CD68 + macrophages in each
area. Performing a multivariate analysis including other prognostic
factors such as tumor-node-metastasis (TNM) stage and histological
differentiation, they found that high CD68 + macrophage infiltration
was an independent adverse factor for disease free survival, which held
true both for peritumoral (p = 0.016) and intratumoral CD68 + mac-
rophages (p = 0.046).

CD68 marker was also studied by Bagul et al. comparing 30 speci-
mens of OSCC with 10 oral biopsy samples in the control group [27]. In
this study, the same quantification as the one used in Lin et al. study
was performed. Unlike the previous study, intratumoral and peritu-
moral areas were not discriminated. Authors divided the tumor samples
in four groups defined by proportion of CD68 + cells in three areas of
“Hot Spots”. The expression of CD68 marker was significantly higher in
the OSCC group than in normal mucosa (p < 0.001). However, there
was no statistical difference in the expression of CD68 marker between
the three grades of differentiation (well, moderately or poorly differ-
entiated) of OSCC.

All these studies restricted their analyses to CD68 + cells. However,
this marker is not specific of macrophages and might not be sufficient to
characterize TAMs. Since TAMs present often a M2 phenotype, the
additional use of a specific marker of M2 such as CD163 could result in
better immunochemical characterization of TAMs.

Immunohistochemistry

Fig. 3. CD68 and CD163 staining in head and neck carcinoma. CD68-positive macrophages (left panel) and CD163-positive macrophages (right panel) were ex-
amined by immunohistochemistry in tumor nest and stroma in a case of hypopharyngeal carcinoma operated in our surgical department. CD68 and CD163 expression

was also observed in the cytoplasm of tumor cells.
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Table 1
Different types of scoring CD68 + and CD163 + macrophages in head and neck carcinoma.
Reference Antibody Location Method Specificity Groups Cut-off
Lin et al. CD68 TN and TS Quantitative 3 Hot spots (X400): mean Low/High 10 for TN
24 for TS
Bagul et al. CD68 Not reported Quantitative 3 Hot spots (X40): proportion Grade 0,1,2 or 3 <1, <10,10-50, > 50%
Hu et al. CD68/CD163 TN and TS Quantitative 10 HPF (X400): mean Neg/Low/High 6/HPF for TN
8/HPF for TS
Sakakura et al. CD68/CD163 Not reported Quantitative > 4 HPF(X400): mean Low/High > 200 for CD68

> 90 for CD163

A b b reviations: CD68 +, CD68-positive; C163+, CD163-positive; HPF, high power field; TN, tumor nest; TS, tumor stroma.

Combining CD68 and CD163 antibodies to characterize macrophage
phenotype

Unspecified head and neck squamous cell carcinoma

The first report was published in 2012 by Fujii et al. demonstrating
that CD163-positive (CD163+) M2 macrophages could represent a
possible prognostic factors of OSCC [28]. In 2014, He et al. studied 43
OSCC specimens correlating the CD163 marker overexpression with a
poor overall survival (OS) (p < 0.05) [29].

In the study by Hu et al. [18], 127 primary OSCC specimens and 23
peritumoral  tissue samples were analyzed. CD68 + and
CD163 + macrophages were found both in tumor nest and stroma. The
increase of CD68 + macrophages in tumor nest significantly correlated
with mortality (p = 0.005), but not in tumor stroma (p = 0.218).

In addition, the density of CD163 + macrophages in tumor nest was
significantly associated with mortality (p = 0.044). In tumor stroma,
this density was significantly correlated with recurrence (p = 0.008)
and mortality (p = 0.04). This correlation was also found in the
Sakakura’s study on 74 OSCC [30]. In the univariate analysis, the in-
filtration of M2 was correlated with OS (p = 0.025) and progression-
free survival (PFS) (p = 0.011). Analogous correlations were found in a
multivariate regression analysis for OS and PFS as well (p = 0.034 and
p = 0.023, respectively) [30].

The meta-analysis by Zhang et al. [15] included four studies on head
and neck cancer: Fujii’s (108 OSCC) [28] and Lin’s studies (84 laryngeal
carcinomas) [25], which we already referred to, and two further ones
(Liu’s study with 112 OSCC [31] and Peng’s study with 60 nasopharynx
carcinomas) [32]. However, the most important results were based
mainly on the studies by Fujii and Liu’s [28,31]. The correlation be-
tween CD68 + macrophages and oral cancer was clearly confirmed. In
oral cancer, high density of CD68 + macrophages appeared sig-
nificantly higher in patients with an advanced (III + IV according to the
TNM classification) than in patients with an early tumor stage (I + II)
[RR = 1.49 (95%CI, 1.17-1.89)]. This correlation was only found for
CD68 + macrophages but not for CD163 + macrophages (evaluated
only in the Fujii’s study) without any statistical difference between

Table 2

these two groups (p = 0.50). Oral cancers showed significant risk ratio
(RR) between high CD68 + macrophages infiltration and poor OS
(overall survival) [RR = 2.03 (95%CI 1.47-2.80)]. This meta-analysis
included three out of four studies which analyzed only the CD68
staining. Moreover, this study did not perform multivariate analysis.

This correlation between macrophages and poor prognostic could be
explained, as least in part, by the reported role of TAMs in the epithelial
to mesenchymal transition [33]. In Hu’s report, the HN4, HN6, and
SCC9 cultured cancer cell lines from larynx and tongue were analyzed
by immunofluorescence and PCR: after the incubation of TAMs-condi-
tioned medium, cancer cells took fibroblast-like appearance. The de-
crease of E-cadherin and the increase of vimentin were also notified.
From all these results, authors concluded that the mutual interaction
between TAMs and cancer cells promoted the epithelial to mesench-
ymal transition of cancer cells, thereby leading to an increase of inva-
sion and metastatic properties of cancer cells [18].

In summary, data published on M2 macrophages appears con-
sistently to favor tumor progression. However, activity of M1 macro-
phages in the tumor could also be relevant [34-36]. Among CD68-po-
sitive cells, C163 marker stain specifically M2 macrophages, but M1
macrophages cannot be precisely currently identified by a specific
marker. Moreover, the immunohistochemistry analysis provides only a
snapshot of the density and composition of the tumor microenviron-
ment. This technique cannot provide temporal distribution of macro-
phages according to the plasticity of tumor microenvironment [37].

HPV-related head and neck carcinomas

Besides OSCC, TAM incidence using both CD68 and CD163 was
sparsely investigated in other primary sites of head and neck cancer.
Moreover, only one study focused on CD68 + cells in oropharyngeal
cancer according to human papillomavirus (HPV) status of tumors [38].
In the tumor area, authors found more CD68 + cells in HPV-positive
(HPV +) as compared to HPV-negative (HPV-) carcinomas (p = 0.01).
No such difference was found in the stromal area (p = 0.1). In a re-
cently published study reporting 110 cases of carcinomas, most of them
emerging from oral cavity or oropharynx, Seminerio et al. found

Characteristics of studies reporting TAMs frequency and prognostic value in head and neck cancer.

Reference Year Tumor type (# of cases) Markers HPV status report
Marcus et al. 2004 OSCC/OPSCC (20) CD68 No
Peng et al. 2006 NPC (60) CD68 No
Liu et al. 2008 0SCC (112) CD68 No
Lin et al. 2011 LC (84) CD68 No
Fujii et al. 2012 0SCC (108) CD68 and CD163 No
Zhang et al. 2012 0OSCC (220) CD68 and CD163 No
He et al. 2014 0SCC (127) CD68 and CD163 No
Hu et al. 2014 0SCC (43) CD68 and CD163 No
Bagul et al. 2016 0OSCC (30) CD68 No
Sakakura et al. 2016 OSCC (74) CD68 and CD163 No
Oguejiofor et al. 2017 OPSCC (124) CD68 Yes
Seminerio et al. 2018 SCCHN (110) CD68 Yes

A b b reviations: LC, laryngeal carcinoma; NPC, nasopharyngeal carcinoma; OSCC, oral squamous cell carcinoma; OPSCC, oropharyngeal squamous cell carcinoma;

SCCHN, squamous cell carcinoma of the head and neck.
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Table 3

Summary of preclinical studies targeting TAMs.
Strategy Pathway Drug Tumor type Outcome Reference Year
Inhibiting TAM recruitment CCL-2/CCR2 PF-04136309 Pancreatic GI and RM Sanford et al. 2013
Preventing TAM differentiation COX-2 - CRC ) Brown et al. 2005
Blocking TAM activation CSF-1R/CSF-1 BLZ945 Cervical and mammary tumor GI Strachan et al. 2013
BLZ945 Glioma GI/IS Pyonteck et al. 2013
CD47/SIRP a Hu5F9-G4 AML/NHL GI/IS/WT Liu et al. 2015
biAbs HCCL WT Dheilly et al. 2017
anti mPD1 HNSCC GI/WT Yu et al. 2015
Reprogramming TAMs to M1 SHIP1 Cancer cell lines PI3K pathway inhibition Ong et al. 2007

Abbreviations: AMIST, advanced malignant incurable solid tumor; AML, acute myeloid leukemia; CMT, cervical and mammary tumor; CRC, colorectal cancer; GI,
growth inhibition; HCCL, human cancer cell lines; HNSCC, head and neck squamous cell carcinoma; IS, improved survival; NHL, non-Hodgkin’s lymphoma; RM,

reduction of metastases; TAMs, tumor associated macrophages; WT, well tolerated.

* Review of some pre-clinical studies.

consistent results with the aforementioned study concerning HPV
status: CD68 + macrophage numbers were statistically higher in the
intratumoral compartment of HPV+/pl6 + tumors than in HPV
+/pl6 — and HPV- tumors (p = 0.003) [39]. Finally, another study
primarily focused on interactions between PD-L1 blockade and CD47/
SIRPa axis, Yu et al. mentioned briefly that the expression of CD68,
CD163, CD11b, and CD33 was not related to the HPV + status [40].

For other types of HPV-related carcinogenesis, such as cervical
carcinoma (cervix uteri), Chen et al. demonstrated a strong association
between the malignant transformation of the cervix and an increase in
the number of CD163 + and CD68 + macrophages [41].

Chronic inflammation of virus-related tumors is characterized by
the infiltration of various leukocyte populations including activated
macrophages [42]. As reported for hepatitis B infection [43], several
studies suggest that HPV infection promotes macrophage attraction/
activation, as well as polarization toward M2 phenotype. M2 macro-
phages are associated with type 2 helper T lymphocyte (Th2) response,
while M1 macrophages induce type 1 helper T lymphocytes (Th1)
which favors HPV clearance.

HPV itself hampers host immune responses, downregulating M1
activation via IFN-y and redirecting them toward M2 phenotype via
TGF-B [44,45]. Consistently, Lepique et al. shown that depletion of
TAMs from an HPV16-positive tumor model inhibits tumor growth, by
increasing of lymphocytes in the tumor tissue [46].

The interaction between TAMs and tumor cells according to HPV
status is still not fully elucidated. In addition, their potential role in
prognosis is unknown and needs to be further explored to improve
targeted approaches dedicated to HPV-defined head and neck squa-
mous cells carcinoma subtypes.

Specificity of TAMs distribution

Spatial distribution of TAMs in tumor tissue, sparsely described for
solid tumors, has not been better analyzed for head and neck carci-
noma. This distribution could play an important role because it has
been reported co-localized with PD-L1 expression and could influence
the response to immunotherapies.

In HNSCC, PD-L1-positive macrophages have been reported to be
localized at the interface between the tumor periphery and the sur-
rounding inflammatory stroma [47]. Therefore, PD-L1-positive TAMs
could create a PD-L1 immunoprotective “barrier” around the tumor
nests and contribute to adaptive resistance in PD-L1-positive tumors
[47]. This distribution could explain the “induced pattern” of PD-L1
expression described by Scognamiglio et Chen [48]. This spatial dis-
tribution could be correlated with some clinical characteristics (HPV
status, tumor stage) or with the prognostic. Moreover, this “barrier”
could be play a role in the poor response to PD-1 inhibitors.

The others studies about TAMs in HNSCC did not describe parti-
cularly the spatial distribution of macrophages. Lin et al. reported
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several patterns of macrophages in laryngeal carcinomas, including
“diffuse” or “aggregative” repartition; macrophages presenting either
oval or irregular shapes [25]. For Hu et al, CD68 + and
CD163 + macrophages were detected both in tumor nest and stroma,
whereas only CD68 + macrophages were found in peritumoral stroma
[18].

Further investigation is needed to evaluate the role and the prog-
nostic value of this distribution in HNSCC.

Investigating CD47/SIRPa using antibody CD47

TAMs express other markers, such as the signal-regulatory protein-a
(SIRPa). When SIRPa is downregulated, this marker contributes to the
tumor promotion [50]. SIRPa is a ligand of CD47 receptor which is
expressed by tumor cells [51]. The interaction between CD47 and
SIRPa acts as a ‘don’t eat me’ signal to inhibit the phagocytic activity of
TAMs [30,50,52-54] and their interaction contribute also to cell mi-
gration [49]. The axis CD47/SIRPa is a crucial checkpoint in the TAMs
activation.

In head and neck cancer, CD47 expression on tumor was studied in
74 OSCC by Sakakura et al [30]. The expression of CD47 was not sig-
nificantly correlated with CD63 and CD68 expressions, but was corre-
lated with poor OS (p = 0.015) by univariate analysis. CD47 could
represent an independent prognostic factor. However, this correlation
was not confirmed by multivariate regression analysis. The relationship
between CD47-positive tumor cells and TAMs stays unclear. Further
studies are needed in order to determine the relationship between CD47
marker and macrophages.

TAMs: a new therapeutic target

Various strategies and compounds modulating macrophage function
and signaling have been investigated in the field of cancer research. All
published preclinical and clinical studies about treatment modalities
targeting TAMs are summarized in Table 3 and Table 4, respectively.
Main therapeutic strategies aiming at modulating TAMs are summar-
ized in Fig. 2.

Targeting macrophage recruitment and differentiation

Recruitment of TAMs is now well characterized [55]. CC chemokine
ligand 2 (CCL-2) produced by tumor cells and tumor-associated cells
shapes myeloid cells in the bone marrow and attracts them to the
peripheral blood where they migrate to the tumor tissue to become
immunosuppressive TAMs.

Sanford et al. have previously shown that the CCL-2/CCR-2 che-
mokine axis has a prognostic significance in human pancreatic ductal
adenocarcinoma [56]. Blocking CCL-2 or its receptor CCR-2 reduced
the number of tumor-infiltrating macrophages in preclinical studies
[16,57,58]. The CCR-2 inhibitor PF-04136309 was tested in a phase Ib
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Table 4
Summary of clinical studies targeting TAMs.

Oral Oncology 88 (2019) 29-38

Strategy Pathway Drug Tumor type Outcome Reference Year Type of study
Inhibiting TAM recruitment CCL-2/CCR2 PF-04136309 Pancreatic Tolerance/OR Nywening et al. 2016 1B
Preventing TAM differentiation COX-2 Celecoxib NSCLC No clinical benefit Edelman et al. 2017 111
IL-6 Siltuximab Ovarian Partial response Coward et al. 2011 I
Blocking TAM activation CSF-1R/CSF-1 PLX-3397 TGCT OR Tap et al. 2015 I
PLX-3397 Glioma Tolerance/no OR Butowski et al. 2016 I
AMG820 AST Tolerance/no OR Papadopoulos et al. 2017 I
RG-7155 DTGCT Tolerance/OR Ries et al. 2014 I
Reprogramming TAMs to M1 G6PD RRx-001 AST Tolerance Reid et al. 2015 I
RRx-001 AST Tolerance/OR Oronsky et al. 2017 Tand I
Activating M1 L-MTP-PE Osteosarcoma OR Uehara et al. 2015 v

Abbreviations: AST, advanced solid tumor; DTGCT, diffuse-type giant cell tumor; FFS, failure free survival; L-MTP-PE, liposomal mifamurtide; NSCLC, non-small-cell
lung cancer; OR, objective response; PFS, progression free survival; PK, pharmacokinetic; TAMs, tumor-associated macrophages; TGCT, tenosynovial giant-cell

tumor.

clinical trial in combination with chemotherapy for patients with
pancreatic ductal adenocarcinoma [59]. This therapy was well toler-
ated. Treatment-related toxicity was comparable in both groups (FOL-
FIRINOX plus the CCR-2 inhibitor PF-04136309 versus FOLFIRINOX
alone). Definitive interruption due to treatment-related toxicity was
reported in 2 out of 39 patients (5.1%), and in 1 out of 6 patients
(16.7%) in the FOLFIRINOX plus PF-04136309 versus the in FOLFIRI-
NOX group respectively. Concerning treatment response, changes in
tumor size from baseline by RECIST for all evaluable patients receiving
FOLFIRINOX plus PF-04136309 (n = 33) reached a partial response in
16 out of 33 patients (48.5% [95% CI: 30.80 to 66.54]). This was sig-
nificantly higher than the pre-specified expected partial response rate of
25% with FOLFIRINOX alone (p = 0.006).

Concerning myeloid cells/macrophage differentiation, a number of
in vitro studies demonstrated the predominant role of prostaglandin E2
(PGE2), interleukin 6 (IL-6), and signal transducer and activator of
transcription 3 (STAT3) activation loop. When monocytes or immature
dendritic cells are exposed to tumor cells, their differentiation into M2
macrophages depends on IL-6, which acts in synergy with other factors.
PGE2, IL-6, and STAT3 activation loop seems to be a good target to
block the differentiation of macrophages. The inhibition of PGE2 pro-
duction by blocking the cyclo-oxygénase 2 (COX-2) enzyme [60,61] and
an anti-IL-6 antibody [62] were tested. In lung cancer, the inhibition of
COX-2 by celecoxib could be beneficial in patients with tumors har-
boring moderate to high COX-2 expression, achieving a better OS and
failure-free survival (p = 0.002 and p = 0.018 respectively) [61].
However, the recent phase III clinical trial did not confirm the clinical
benefit of this therapeutic [63]. In ovarian cancer, in preclinical and
clinical studies, IL-6 antibody can inhibit inflammatory cytokine pro-
duction, tumor angiogenesis and TAMs infiltration [62]. Other clinical
trials are in progress.

Targeting TAMs activation

CSR-1R

Playing a crucial role in tumor microenvironment and displaying
protumoral activities, TAMs could represent a potential target for future
anticancer therapies. CSF-1 and its receptor are currently the most
studied TAMs-related targets.

The CSF-1R is a tyrosine kinase transmembrane receptor. CSF-1R is
involved in survival, proliferation, differentiation, recruitment, and
other functions of mononuclear phagocytes, particularly macrophages.
CSF-1R and its ligands regulate development, morphology, survival,
and functioning of TAMs [64-66]. Therefore, CSF-1 pathway seems to
be an appropriate target for future anticancer treatments. The devel-
opment of new CSF-1R/CSF-1 pathway inhibitors started with a few
phase I/1I clinical trials, without being yet investigated these types of
therapies in head and neck carcinoma.
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The two main possibilities to block the CSF-1R are an inhibition of
the tyrosine kinase activity of the CSF-1R or targeting the CSF-1R by
human monoclonal antibodies. The review of Peyraud et al. lists dif-
ferent clinical trials completed or in progress using such inhibitors in
pigmented villonodular synovitis (PVNS) or solid tumors [19].

Regarding tyrosine kinase inhibitors, two agents have entered
clinical development [19]: PLX-3397 and BLZ-945.

PLX-3397 (pexidartinib) was clinically investigated in two types of
solid tumors (tenosynovial giant-cell tumor [67] and glioblastoma
[68]). In tenosynovial giant-cell tumors, 83% of patients (95% CI, 67 to
98) had partial response or stable disease. In glioblastoma, no objective
response was observed. This treatment seemed well tolerated with some
side effects including asthenia, hair color changes, nausea, periorbital
edema, rash, and decreased appetite.

BLZ-945 is also a selective inhibitor of CSF-1R [69,70]. The phase I/
II studies exploring this agent are still in progress in several advanced
solid tumors, including pancreatic cancer, triple-negative breast cancer,
and recurrent glioblastoma.

Concerning monoclonal antibodies, FPA-008 (cabiralizumab), RG-
7155, IMC-CS4, AMG-820, and PLX-73086 have entered clinical trials
as well.

RG-7155 appears particularly promising. In contrast to other anti-
bodies, RG-7155 blocks both ligand-dependent and -independent re-
ceptor activation [71]. In a study by Ries et al., RG-7155 depleted
macrophages expressing CD163 and CSF-1 in vitro and in vivo [71]. In
a phase I clinical trial with RG-7155, Ries et al. observed a clinical
benefit in patients diagnosed with Diffuse-Type Giant Cell Tumors (Dt-
GCT). In addition, they showed a decrease of TAMs and an increase of
CD8/CD4 T cell ratio in other advanced solid tumors [71].

Papadopoulos et al. [72] studied the effect of the antibody AMG-820
in 25 patients with advanced solid tumors, who had relapsed or were
refractory to standard treatment. One patient with a liver metastasis of
a paraganglioma had a partial response with 40% reduction in tumor
size and 6 patients had stable disease.

The conclusion of Peyraud et al. review was that recent clinical
trials testing CSF-1R inhibitors as monotherapies have shown en-
couraging results in the management of PVNS but disappointing out-
comes for the treatment of solid tumors [19]. Authors proposed to ex-
plore combination therapies, which could represent a more appropriate
approach.

Targeting CD47/SIRPa axis

When CD47/SIRPa axis is inhibited, the incidence of TAMs in the
tumor is decreased and their immune suppression is reversed [40].
Therefore CD47 inhibitors, bispecific antibodies [73] and other com-
pounds [74], appear as an attractive approach for future im-
munotherapies. The most potent drugs blocking CD47 are monoclonal
antibodies such as Hu5F9-G4 and CC-90002, or TTI-621, a soluble
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SIRPa-Fc fusion protein (SIRPaFc). A number of phase I clinical trials in
hematologic and solid cancers are ongoing (NCT02678338,
NCT02641002, NCT02367196, and NCT02663518) [75-77].

Moreover, Yu’s data suggested that CD47/SIRPa axis was atte-
nuated by PD-1 blockade [40]. The efficient anti PD1/PD-L1 therapies
could also modulate the TAMs by this axis.

Limiting TAMs immunosuppressive functions

The other effect of the CSF-1R inhibitors is to increase CD8 + T-cells
and natural killer cells in tumors, which could antagonize im-
munosuppressive function of TAMs [70,71]. Moreover, Ries et al. de-
monstrated that targeting of CSF-1R resulted in a higher CD8/CD4 T-
cell ratio in tumor lesions but these results were still not fully explained
[71]. The immunostimulation induced by anti-CSF-1R provide rationale
for future testing of various combinations of these inhibitors with cur-
rently available immunostimulatory therapies, such as sipuleucel-T and
anti-CTLA-4 [78]. Based on this rationale, clinical trials assessing anti-
CSF-1R agents in combination with immunotherapy are in progress
[19].

Futhermore, Zhu et al. demonstrated synergistic effects of CSF-1R
inhibitors and immunotherapy in pancreatic cancer models [79]. In-
deed, the therapeutic effect of immunotherapy was limited by the in-
duction of T-cell checkpoint molecules, including PD-L1 on tumor cells
and CTLA-4 on T-cells. The addition of the anti-CSF-1R agent improved
the efficacy of anti-PD- 1 and anti-CTLA-4 checkpoint
munotherapies. Therefore, CSF-1R inhibitors might enhance the effi-
cacy of already used immunotherapies.

im-

Reversing TAMs into antitumor macrophages

Another option for anticancer treatment is to reverse TAMs with M2
phenotype into M1 phenotype macrophages, which have an anti-
tumoral function. Fully polarized M2 macrophages can be redirected in
vitro towards the opposite functional phenotype after treatment with
cytokines [80]

For example, forced expression of IRF-5 in TAMs, which have a M2
phenotype, switches them to M1 macrophages [21]. M1 cells highly
express IRF-5, a transcription factor stimulating the production of type
1 interferon and repressing the production of IL-10.

The SHIP1 phosphatase was also shown to play a predominant role
in reprogramming TAMs [81]. Pharmacological modulators of SHIP1
have been developed and are currently under evaluation [82]

RRx-001, a systemically non-toxic potent inhibitor of G6PD, was
known to play a prominent role in TAMs conversion into M1 pheno-
type. RRx-001 was tested in Phase II clinical trials and displayed potent
antitumor activity as well as its chemo- and radio-protective properties
[83,84]. Red blood cells, which have assimilated RRx-001, are phago-
cytized by TAMs, which are changed into M1 macrophages.

Targeting NF-kB activation is another way to regulate the phenotype
of macrophages [85]. This option was analyzed in the course of pro-
gression of oral preneoplasia and malignancies by Ye et al., who studied
the SIRPa expressed on macrophages [86]. When SIRPa is down-
regulated, particularly by the CD47 of the tumor cells, it could inhibit
the phagocytosis ability of macrophages. On the other side, when the
SIRPa is up-regulated, it could inhibit the activation of NF-xB and
promote the antitumoral M1 macrophage reprogramming [86].

Activating antitumoral M1 macrophages

Finally, M1 macrophages and other antitumoral immune cells (e.g.
Natural Killer cells) can be activated by immunotherapeutic drugs. One
compound seems to be very interesting. The liposomal mifamurtide (L-
MTP-PE) is a specific well-defined liposome-encapsulated formulation
of the active pharmaceutical ingredient. The active substance, mifa-
murtide, is incorporated as an integral component of the liposomal
bilayer. Mifamurtide is a fully synthetic lipophilic derivative of MDP

35

Oral Oncology 88 (2019) 29-38

(muramyl dipeptide), a naturally occurring component of bacterial cell,
which enhances the immune activity [87].

The encapsulation of mifamurtide into liposomes has been shown in
vitro to enhance the activation of murine macrophages and human
monocytes by 100-fold compared with free MDP [88], and to decrease
the drug toxicity [89].

The liposomes are selectively taken up by macrophages and pro-
gressively broken down within the cell. The tumoricidal activity of
mifamurtide-activated macrophages is linked to both direct and in-
direct effects, including contact-mediated tumor cytotoxicity and re-
lease of tumoricidal factors [90]. These effects lead to an activation of
M1 macrophages and to an indirect increase of interstitial natural killer
cell activity [91], which have a critical role in the anti-tumor immunity.
The L-MTP-PE has been approved in Europe for the treatment of ad-
vanced or metastatic osteosarcomas in combination with chemotherapy
[92]. In the other tumors, only pre-clinical animals studies or pilot
clinical studies were published in melanoma, angiosarcoma, ovarian
and mammary carcinoma [93-97]. Results were not considered as
conclusive in the majority of these studies (Table S1).

Combination with standard therapies

De Palma et al. proved that radiotherapy, DNA damage, cell death,
and increased hypoxia in tumors lead to an increase in macrophage
recruitment and promote tumor progression in animal models [98]. The
increase of TAMs recruitment after local irradiation was also reported
in prostate cancer [99]. In addition, Kioi et al. showed that the hypoxia-
inducible factor-1 (HIF-1) pathway was stimulated by radiation-in-
duced tumor hypoxia and that inhibiting HIF-1 could result in a de-
creased infiltration of myeloid cells in tumors [100].

Moreover, TAMs have been shown to blunt chemotherapy-induced
antitumor responses by secreting chemoprotective factors such as MMP-
9 and cathepsins [98,101]. This could explain that the inhibitors of CSF-
1R have been shown to increase the efficacy of chemotherapy for
pancreatic tumors [57] and lung cancer [102].

The combination of TAMs-targeting agents with standard therapies
could potentiate and enhance tumor response to radiotherapy and/or
chemotherapy. Therefore, in ongoing studies, CSF-1R inhibitors com-
bined with the standard therapies (surgery, chemotherapy, and radia-
tion) are evaluated.

An increasing number of studies evaluated possible correlation be-
tween the PD-1/PD-L1 axis and TAMs in various cancer types
[103,104], including OSCC [40,105]. TAMs could express both PD-1
and PD-L1 markers. PD-1-positive TAMs show less phagocytosis, as
compared to their PD-1 negative counterparts [106]. Therefore PD-1
inhibitors may increase macrophage phagocytosis and reduces tumor
growth in a macrophage-dependent fashion [106]. Moreover, PD-1 in-
hibitors demonstrated efficacy in blocking the CD47/SIRPa axis [40].

On the other hand, PD-L1-positive TAMs have been reported to be
localized at the interface between the tumor periphery and the sur-
rounding inflammatory stroma. Therefore PD-L1 positive TAMs could
create a PD-L1 immunoprotective “barrier” around the tumor nests and
contribute to adaptive resistance [47].

Therefore, combining anti-PD-1/PD-L1 with drugs targeting TAMs
warrants further investigations.

Conclusion

In OSCC, high density of TAMs is associated with a poor prognosis
[15,18]. However, the prognostic value was sparsely studied in other
primary sites of head and neck carcinoma such as laryngeal and hy-
popharyngeal carcinomas. Using only the CD68 marker without a
specific marker of M2 macrophages, one study analyzed the macro-
phages in laryngeal carcinoma [25]. It would be interesting to evaluate
the occurrence of TAMs in laryngeal or hypopharyngeal subtypes and
the correlation between the density of TAMs and survival parameters.
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Intriguingly, in colorectal cancer, high density of TAMs seems to be
associated with a better OS in contrast to the majority of other solid
tumors [15]. In addition, in the meta-analysis of Zhang et al., no sig-
nificant correlation between high density of TAMs and tumor stage or
OS was found in a subgroup of esophageal cancer patients [15]. Larynx
and hypopharynx cancer belong to head and neck carcinoma, but they
are not similar to OSCC, due to their localization and carcinogenesis
[107,108]. Thus, it would be interesting to know if the results con-
cerning TAMs in larynx and hypopharynx cancer are comparable to
those in OSCC.

Moreover, in HPV-induced cervical cancer, the correlation between
prognosis and the density of TAMs is unclear [109,110]. Only two
studies compared the incidence of CD68 + cells between HPV + and
HPV- head and neck squamous cell carcinomas [39,40]. These analyses
were restricted to the CD68 status of tumors, therefore information on
TAMs is lacking since no staining with CD163 was performed. Yu et al.
did not find a correlation between CD68 or CD163 and HPV status [40].
However, a correlation between HPV status and macrophages was not
the primary objective of their analysis. Hence, it would be interesting to
further study the frequency of TAMs in HPV + and HPV- subgroups.

The mutual interaction between TAMs and cancer cells plays a
crucial role in tumor progression. Therefore, inhibitors of TAMs seem to
be a viable target for future drug investigations. Different strategies are
used to exploit TAMs as a therapeutic target in cancer [111]. Currently,
the most promising approaches include inhibitors of the CSF-1/CSF-1R
and SIRPa/CD47 pathways. The SIRPa/CD47 axis seems to be an in-
teresting molecular cascade with several options being tested for tar-
geting thereof [73,74]. Moreover, the SIRPa/CD47 axis could be
blocked by PD-1 inhibitors already used in clinical practice [40]. Recent
clinical trials testing CSF-1R inhibitors used as single agent, un-
fortunately, showed disappointing outcomes in solid tumors. These
unsatisfactory results of CSF-1R inhibitors were partly explained by the
presence of GM-CSF inhibiting anti-CSF-1R-mediated cell death
[69,71]. Combining CSF-1R inhibitors with other compounds such as
immunotherapy, chemotherapy, or targeted therapies could represent
the next step to investigate [19].

Further research activities aim at reprogramming TAMs into anti-
tumoral M1 macrophages, decreasing thus protumoral versus anti-
tumoral effects. In this regard, different targets have been tested in-
cluding IRF-5, SHIP1 phosphatase, RRx-001, and SIRPa.

Various imaging modalities can be used to visualize TAMs. The
development of fluorescent proteins allows subcellular-resolution mo-
lecular imaging of cell-cell interactions between tumor cells and TAMs
[112,113]. In clinical practice, new imaging protocols revealing details
on macrophage infiltration (e.g. ferumoxytol) can be considered in the
future to observe TAMs activity by magnetic resonance or positron
emission tomography [114,115].

In conclusion, TAMs appear to be an attractive target in head and
neck carcinoma. Compounds aiming at modulating macrophage pro-
prieties, along with TAMs inhibitors, are currently investigated alone or
in combination with standard therapies in several solid tumors.This
strategy represents an innovative anticancer approach in head and neck
carcinoma.
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