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Introduction

Advances in the understanding of oncology have shifted 
the paradigms from tumor-cell-centric theory to the tumor 
microenvironment concept. Indeed, early seminal work 
elegantly linked inflammation to neoplasms and the cancer-
related inflammation (CRI) can arise before tumorigenesis 
or be driven by local cancer cells (1). Accordingly, tumor-
promoting inflammation and evasion of anticancer immune 
destruction are considered as hallmarks of cancer (2). 
Herein, tumor-associated macrophages (TAMs) are the 
most abundant infiltrates and indispensable accomplices 
during neoplastic progression (3).

Macrophages are a key component of the innate 
immune system, which phagocytose microbes and present 
antigens during acute infection (M1-like phenotype), 
while promoting wound healing and cell proliferation 
in the late stages (M2-like phenotype) (4). In the tumor 

microenvironment, monocytes and monocytic-myeloid 
derived suppressive cells (M-MDSCs) are recruited from 
the circulation and, like tissue resident macrophages, primed 
to an M2-like TAM phenotype (5). Local accumulation of 
aberrant metabolites and a variety of cytokines and growth 
factors derived from tumor cells or immune cells are 
indicated in the polarization of intratumoral macrophages 
through distinct signalings, such as JAK-STAT6 and 
PI3Kγ pathway (6). The modulating factors and the pivotal 
molecules in the pathways serve as attractive therapeutic 
targets of tumor controlling interventions. 

In the context of tumor, TAMs have an essential role 
in cancer development, which support the survival and 
proliferation of neoplastic cells, circumvent antitumor 
immune responses, facilitate angiogenesis and metastasis, 
and affect the efficacy of various regimens. In this review, 
we focus on the acquisition of tumor cells of stem-cell 
properties, the infiltrative growth of vascular network, 
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the organotropism of metastasis and the development of 
resistance to endocrine therapy, which are incompletely 
understood and attractive f ield regarding TAMs. 
Therapeutic interventions targeting these functions of 
TAMs have shown preliminary promise in the clinical arena, 
accompanied by a series of challenges and opportunities. 

TAMs and epithelial-to-mesenchymal transition 
(EMT)

Among the highly mutant and heterogeneous tumor cells, 
the subpopulation of cancer stem cells (CSCs) is endowed 
with self-newel and differentiating capacity, enhanced 
mobility and aggressiveness, and insensitivity to therapeutic 
applications. EMT is critical to induce stem cell-like 
properties in cancer cells, with the loss of epithelial traits 
and intercellular adherence and acquisition of mesenchymal 
characteristics and intensive migratory capacity (7,8). At 
the invasive front of mammary carcinomas, mesenchymal-
like tumor cells program macrophages to a TAM-like 
population via GM-CSF secretion. Lactate accumulation in 
the surrounding microenvironment abolishes the antitumor 
potential of GM-CSF in supporting M1 macrophages. 
Reciprocally, the chemokine CCL18 synthesized by 
TAMs is fundamental in EMT and GM-CSF synthesis of 
mammary cancer cells in co-culture studies and humanized 
mice (9). As a receptor of CCL18, PITPNM3 on the 
surface of tumor cells provokes NF-κB signaling via  
Pyk2/Src pathway, which mediates the stabilization and 
nuclear accumulation of Snail, a crucial transcription factor 
for EMT (10,11). NF-κB activation in mammary tumor 
cells raises Lin28b level and downregulates miR98 and 
miR27b, which reinforce the invasion and lung metastasis 
of neoplasms (12). Increased GSK-3β activity in response 
to PI3K/Akt pathway activation is also involved in CCL18-
induced Snail upregulation and maintenance (13). High 
level of GM-CSF or CCL18 shows noteworthy correlation 
with EMT, metastasis, and poor survival in patients with 
breast cancer (9). Treatment of anti-GM-CSF or anti-
CCL18 antibodies or inhibition of lactate production breaks 
the GM-CSF-CCL18 loop and tempers mesenchymal 
traits of cancer cells (9,11). Currently, the utility of drugs 
targeting GM-CSF-CCL18 loop is attracting further 
estimation in the clinical arena.

Activation of TGF-β signaling presents a principal 
strategy for macrophage-dependent mesenchymal and 
stem-cell conversion (8). In breast cancer, TGFβ-Smad 
pathway collaborates with Wnt-β catenin signaling to 

precipitate initiation of the EMT program and generates 
autocrine loops to perpetuate mesenchymal state (14). 
TGF-β-induced CELF1 protein binds to the conserved 
cis-element in 3’-UTRs of a cohort of mRNAs encoding 
EMT drivers and raises their translation. Elevated 
expression of CELF1 is observed in human breast cancer 
tissue and associated with accelerated metastasis (15). 
Activation of the Ras effector Blimp-1 in response to 
TGF-β1 resulted in a decline of BMP-5 and subsequent 
upregulation of Snail, prompting EMT process and 
tumor invasion (16). Snail not only amplifies vimentin 
production and cell aggressiveness while depriving 
E-cadherin expression (17), but bridges p53 and histone 
deacetylase1 (HDAC1) and facilitates the proteasomal 
degradation of p53 (18). TGFβ–induced EMT involves 
two sequential jumps from epithelial to partial EMT and 
then to mesenchymal phenotype. Herein, the double-
negative feedback control between Snail and miR-34,  
ZEB1 and miR-200 undergo stepwise activation (17). 
Therapeutic agents targeting TGF-β signaling have already 
been developed and estimated in both preclinical and 
clinical testing (19,20). However, this cytokine has critical 
roles in a myriad of physiological processes involving 
immune and stromal cells, making it difficult to specifically 
target tumor EMT (7). Furthermore, TGF-β signaling 
exerts an anti-proliferative effect in the initiation stage of 
tumorigenesis (21). Inhibition of this pathway facilitates 
the development of various types of human cancers (22), 
suggesting for appropriate stratification of the patients in 
the administration of this kind of drugs.

Additional signaling pathways and molecules involved in 
the tumor cell EMT are considered potential therapeutic 
intervention target to reverse tumor stemness and repress 
tumor mobility. Mesenchymal cancer cells exhibit high 
expression of EphA4, which mediates TAMs-triggered 
production of robust cytokines like IL-6, IL-8, GM-CSF 
and maintenance of cancer cells in the stem-cell state (23).  
The extracellular matrix (ECM) contributes to the 
mesenchymal conversion of high-grade tumor cells through 
its modifying activity of the immune microenvironment and 
myeloid suppressor cells. Interrupting the crosstalk between 
cancer cells and MDSCs with aminobisphosphonates 
reverses the EMT/CSC phenotype of tumor cells, 
rendering them sensitive to chemotherapy agents (24). 
Metabolic alteration has a significant role not only in the 
immune evasion of neoplasms but during EMT program 
and metastasis. At tumor invasive front, the upregulation 
of NOS2 production of M-MDSCs facilitated tumor 
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aggressiveness, self-renewal and EMT (25). Anti-Ang2 
intervention in the neoplasms deficient in PDGFRβ+ 
pericytes recovers the vascular structural integrity, improves 
oxygen delivery and attenuates hypoxia-induced EMT 
in cancer cells (26). Preliminary antitumor activity and 
tolerability of AMG386, an Ang1/2-Tie2 inhibitor, have 
been evaluated in clinical trials in adult patients with 
recurrent advanced solid tumors (27).

Angiogenesis and anti-angiogenic therapy

Pre-malignant epithelial tumors are typically surrounded 
by a basal lamina which separates the neoplasms from a 
vascularized adjacent stroma (28). The malignant transition 
of benign cancers is always accompanied by proliferative 
vasculature infiltration, providing a steady flow of oxygen and 
nutrients for tumor outburst (29). Intratumoral macrophages 
promote the development of new vessels from the pre-
existing vasculature, termed angiogenesis, through surface 
molecule interaction and secretion of bioactive products, 
which encompass pro-angiogenic growth factors and the 
matrix proteases (30). As an important source of VEGFA (31),  
TAMs mediate the engagement of VEGFR2 on endothelial 
cells (ECs) and the formation of tip cells, which guide 
the growth of new vascular sprouts (32). Additional 
macrophage-derived cytokines and growth factors, including 
placental growth factor (PlGF), fibroblast growth factor 2  
(FGF2), VEGFC and tumor necrosis factor (TNF) are 
indicated in the “angiogenic switch” of tumors (33).  
TAMs synthesize matrix metalloproteinases (MMPs), 
cathepsins and plasminogen activator and, through ECM 
degradation, facilitate the infiltrative development of neo-
vessels (34,35). Moreover, these proteases modulate the 
bioavailability of the pro-angiogenic factors trapped in the 
perivascular niches (34,35). Genetic or pharmacological 
abrogation of MMP9 attenuates the vascularization in a 
mouse model of cervical cancer (36) and in human ovarian 
cancer xenografts (37). Besides, substantial studies have 
implicated Tie2-expressing perivascular TAMs in the 
support of tumor angiogenesis through crosslinking with 
ECs expressing Ang2, a ligand of Tie2 (38). In a transplant 
sarcoma model, AKT activation in the macrophages 
provoked by Tie2 protects them from chemotherapy-
induced apoptosis (39). Tie2 inactivation in TAMs at 
the genetic level impairs their ability to sustain tumor 
angiogenesis (40). Elimination of broad TAMs by genetic 
or pharmacological means restrains tumor vascularization 
in various cancer models (31,41). In human tumors, the 

abundance of TAMs is frequently correlated with increased 
vascular density and poor patient outcome (42).

Efforts have been made to suppress tumor angiogenesis 
and block malignant progression through the reduction 
in blood supply (30,32) .  By striking contrast,   the 
pharmacological inhibition of VEGFA elicits acute vascular 
pruning but no delay or even exacerbation in tumor 
development in mice and humans (43). This is consistent 
with the notion that tumors grow neo-vasculature through 
VEGFA-dependent and independent modes and myeloid 
cells, in particular TAMs, sustain tumor angiogenesis 
through various pathways (30). Moreover, anti-angiogenic 
drugs create an acute hypoxic environment and provoke 
a surge of TAM influx via chemokines like CSF1 and 
CXCL12 (33,44). The overshoot of TAMs reverts the anti-
angiogenic effect and provides significant support for tumor 
metastasis. Strategies have been switched to normalize the 
neo-vasculature to restore pericyte coverage, increase tumor 
perfusion and mitigate hypoxia (45). Selective impairment 
of Tie2+ TAMs by blocking Ang2 or Tie2 signaling impedes 
their association with ECs (40) and induces vascular 
normalization and reduction (46), posing a promising 
therapeutic opportunity for antiangiogenic treatment.

The formation of pre-metastatic niches

Increasing number of studies have elucidated that ahead 
of the arrival of CTCs, the primary tumor selectively and 
actively primes the “soil” at distant organ sites for their 
subsequent seeding (47). Tumour-derived factors and 
exosomes induce the microenvironmental reprogramming 
of pre-metastatic niches and infiltration of stromal cells, 
which are essential for vascular alteration and matrix 
remodeling (48) (Figure 1).

Clinical evidence has unveiled the existence of pre-
metastatic niches in sentinel lymph nodes from patients with 
breast, prostate, colorectal and renal cell carcinomas (49).  
Cytokines and growth factors secreted by primary tumor, 
such as TNF, VEGFA and CCL2 travel through the 
circulation and elicit the production of S100A8 and S100A9 
by myeloid and ECs in the pre-metastatic niches (50,51). 
During this process, S100 proteins also facilitate the 
secretion of serum amyloid A3 (SAA3), which mediates 
the activation of NF-κB signaling in pulmonary ECs and 
macrophages in a TLR4 dependent manner (51). The 
inflammatory state of these stromal cells accelerates the 
recruitment of bone marrow derived cells and seeding 
of primary tumor cells, where MD-2, a co-receptor of 
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TLR4, plays a role (50). For example, in the pre-metastatic 
lung, MMP9 production of the infiltrating myeloid 
cells is responsible for abnormal and leaky vasculature 
alteration before tumor cell arrival (52). Besides, exosomes 
expressing macrophage migration inhibitory factor (MIF) 

from pancreatic ductal adenocarcinomas are up-taken by 
Kupffer cells in the liver, which in turn promote fibronectin 
production of hepatic stellate cells through their secretion 
of TGF-β. Local deposition of fibronectin enhances the 
recruitment of macrophages and the priming of pre-

Figure 1 The formation of pre-metastatic niches in lung, liver and bone. Primary tumor cells prepare the environment in distant organs 
for their subsequent arrival and survival by secreting various factors and exosomes. In the lung, tumor cell derived CCL2, VEGFA, TNF 
and S100s induced the secretion of SAA3 by the pulmonary ECs and macrophages, which activates the TLR4 in an autocrine manner and 
accelerates the invasion of neoplastic cells. In the liver, Kupffer cells phagocytose the MIF positive exosomes from the primary tumor and 
amplify their synthesis of TGF-β, which facilitates the production of fibronectin of hepatic stellate cells. In the bone, LOX from hypoxic 
tumor environment promotes the formation of osteolytic lesions by activating osteoclasts and inhibiting local osteoblasts. Moreover, LOX 
accumulation enhances the cross-linking of collagen IV and tissue fibrosis, providing a platform for BMDC adhesion and infiltration. SAA3, 
serum amyloid A3; MIF, macrophage migration inhibitory factor; BMDC, bone marrow derived cell; HPC, haematopoietic progenitor cell.
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metastatic niches (53). Accordingly, exosomal MIF can be 
considered an early marker for the development of liver 
metastasis (53). ECM remodeling and stiffening is pivotal 
in the preparation of colonizing niche for tumor cells. LOX 
produced by hypoxic primary tumor cells travels through 
the bloodstream and accumulates with fibronectin at distant 
organs, where it mediates the cross-linking of collagen IV 
and promotes the adhesion of CD11b+ monocytic cells. 
Attracted CD11b+ cells cleave collagen, reinforce tumor 
invasiveness and further recruitment of myeloid cells 
partially through MMP2 synthesis (54). In the skeletal 
microenvironment, LOX facilitates osteoclast activation and 
the formation of osteolytic lesions, yielding a platform for 
tumor cell colonization and bone-tropism. High expression 
of LOX is associated with skeletal metastasis in ER- breast 
cancer and identifies patients that will benefit from adjuvant 
bisphosphonate treatment in reducing bone metastasis (55).  
In addition, the exposure of macrophages to IL-4 
upregulates their miR-142-5p level via STAT6 signaling and 
downregulates miR-130a-3p through histone deacetylation, 
which promote the M2 polarization and profibrogenic 
activities of macrophages (56).

Therapeutic strategies directed against the formation 
of pre-metastatic niches could impair the establishment of 
metastasis in an early stage. The inhibition of either TLR4 
or SAA3 reduces the mobilization of BMDCs and suppresses 
lung metastasis in tumor-bearing mice (51). The expression 
of protein tyrosine phosphatase receptor-type O (PTPRO), 
a negative regulator of VEGFA, FGFR and PDGF, 
impedes the “soil-priming” for the seeding of circulating 
tumor cells in preclinical models of breast cancer (57).  
LOX depletion with β-amino-propionitrile (βAPN) shows 
promise in the prevention of myeloid cell recruitment 
and pre-metastatic niche establishment (54,55). Although 
remarkable progress has been made in our understanding 
of the generation and evolution of pre-metastatic niches, 
further investigations are still in request into the mechanism 
and translation of the biology to diagnostic and therapeutic 
approaches.

Colonization and overt metastasis formation

In addition to tumor organotropism, TAMs provide pivotal 
support for the seeding and outgrowth of tumor cells. Once 
arriving at pulmonary vasculature, the circulating tumor 
cells generate microparticles in response to shear flow 
and interact with resident macrophages. Tumor-ingesting 
macrophages pile up in the pulmonary interstitium and 

initiate the colonization of neoplastic cells (58). Notably, 
the elevation of N-acetyl-galactosaminyltransferase14 
(GALNT14) in tumor cells facilitates the secretion of 
chemokines like CXCL1/2 and the influx of TAMs to 
the metastatic sites. The modification of FGFR1 on 
tumor cells by GALNT14 potentiates the proliferative 
effect of TAM-derived FGF, augmenting macrophage-
stimulated continuous tumor growth within the lung 
microenvironment (59). Myeloid cell infiltration following 
CXCL1/2 gradient constitutes an instrumental source of 
the calprotectin S100A8/9, which avails the survival and 
proliferation of colonizing tumor cells (60). Furthermore, 
VEGFR1 tyrosine kinase signaling in TAMs regulates 
CSF1 expression in a p-FAK1 dependent manner, creating 
an autocrine pathway critical for the persistent growth 
of the seeded metastatic tumor. Ablation of VEGFR1 
attenuates pulmonary colonization of mammary tumor 
even after initiation of metastatic colonies (61). MiR-21 
and miR-29a expression are specifically upregulated in 
TAMs but not primary tumor by the CSF1-ETS2 signaling 
pathway. Deletion of these microRNAs making use of Dicer 
abrogates neovascularization and viability of lung-seeded 
cancer cells via activation of anti-angiogenic genes (62).  
Selective inhibition of class IIa HDAC using TMP195 
affects the responses of human monocytes to CSF-1 and 
GM-CSF in vitro (63). In the MMTV-PyMT model, 
TMP195 treatment promotes vascular normalization and 
abates mammary pulmonary metastases by modulating the 
expansion of intratumoral macrophages and their phagocytic 
activities (64). In addition to EMT, TGF-β from stromal 
cells like macrophages increases Id1 expression in neoplastic 
cells through Smad3/Smad4 pathway, which opposes the 
activity of Twist and leads to mesenchymal to epithelial 
transition (MET) during pulmonary inhabitation of breast 
cancer (65). Also, versican secretion of monocytic cells plays 
pivotal roles in the MET of cancer cells and establishment 
of macrometastases (66). Beyond modeling the matrix, 
LOX up-regulates the EGF-like domain-containing 
protein Matrilin2 through HTRA1 and TGF-β1 signaling, 
which traps EGFR at tumor cell surface and enhances 
EGF-mediated tumour growth and progression (67).  
Tenascin C of tumor cell or stroma origin initiates 
pulmonary outburst of neoplastic colonization through 
MSI1-dependent NOTCH signaling and LGR5 elevation 
in the WNT pathway (68).

In the bone metastatic niches, the expression of c-Src 
potentiates PI3K-AKT signaling induced by macrophage-
derived CXCL12 and protects breast tumor cells against the 
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pro-apoptotic effect of TRAIL, supporting the outgrowth 
of indolent tumor cells (69). Furthermore, integrin α4β1 
expression on monocytic progenitors interacts with VCAM-
1-expressing cancer cells and amplifies osteoclast activity 
through NF-κB pathway in a metastatic dormancy model, 
facilitating the outgrowth of skeletal metastases (70). TAM-
attracting chemokines are attractive therapeutic targets in 
anti-metastatic treatment and undergoing clinical tests in 
solid tumors. AMD3100, an FDA-approved small-molecule 
inhibitor of CXCR4, has shown and preclinical response 
in ovarian and breast cancer (71,72). Currently, AMD3100 
is in widespread clinical investigating in haematological 
and solid tumors. Besides, CCL2 activated TAMs increase 
CCL3 secretion and facilitate their retention in an autocrine 
manner. Genetic deletion of CCR1, a receptor of CCL3, 
reduces tumor metastasis (73), rendering CCR1 a potential 
target for anti-metastasis regimen. 

TAMs and endocrine therapy resistance

Increasing evidence has shown that TAMs exert an 
indispensable influence on the antitumor efficiency of 
cytotoxic chemotherapy, irradiation and immunotherapeutic 
agents (74). Nevertheless, micro-environmental regulation 
of tumor response to endocrine therapy is incompletely 
understood. Since prostate cancer display prominent 
dependency on the androgen receptor (AR) signaling, 
castration therapy has been a focus of treatment of prostate 
cancer (75). Likewise, hormone-responsive breast cancer 
comprises the vast majority of mammary tumors. Endocrine 
therapy blocking either estrogen production through 
aromatase inhibitors or the binding of estrogen to its 
receptors through tamoxifen or fulvestrant is the current 
standard-of-care for patients with estrogen receptor (ER) 
positive tumors (76).

However, the secretion of pro-inflammatory cytokines 
and growth factors, for example, by TAMs, is associated 
with the development of tolerance to endocrine therapy 
through aberrant activation of ER/AR signaling or 
compensatory excitement of integrated pathways. In patients 
with prostate cancer, the enrichment of MDSCs in the 
circulation shows correlation with tumor metastasis (77). In 
a chimaeric mouse model of metastatic castration-resistant 
prostate cancer, MDSC diminishing therapy with the use 
of Cabozantinib and BEZ235 shows a robust antitumor 
response in combination of immune checkpoint blockade. 
Herein, the combined therapy impairs the infiltration 
and immunosuppressing activity of MDSCs through the 

elevation of IL-1R antagonist, restoring the sensitivity of 
tumor cells to AR depriving agents (77). In breast cancer, 
macrophage-derived IL-1β and TNF-α activate IKKβ 
signaling in tumor cells and mediate phosphorylation of 
ERα at S305. The cytokine-dependent structural change of 
ERα facilitates the transcriptional induction of proliferative 
and anti-apoptotic genes even in the context of estrogen 
deprivation or tamoxifen treatment (78). TNFα-mediated 
pro-inflammatory signaling is a significant driver of the 
redistribution of FoxA1 and NF-κB to new genomic loci, 
which increases the chromatin accessibility of latent ERα 
binding sites and gives rise to altered patterns of gene 
expression in breast cancer (79). Moreover, in response to 
PGE2, the prostaglandin receptor EP4 activates cAMP 
signaling and ERα through its cofactor CARM1 in a ligand-
independent manner, rendering tumor cells insensitive to 
endocrine therapy (80).

As the hormone receptor signaling is highly integrated 
with various pathways, the excessive activation of growth 
factor receptors like EGFR and FGFR raises their crosstalk 
with ER-mediated mitogenic signaling and leads to 
estrogen-independent cell proliferation (76). Tamoxifen-
resistant tumor cells display elevated sensitivity to the 
stimulatory effect of EGF and remarkable dependence 
on the EGFR/MAPK pathway for persistent growth after 
durable tamoxifen exposure (81). TAM-derived FGF2 binds 
to and triggers the phosphorylation and dimerization of 
FGFR1 on cancer cells, driving downstream kinase cascades 
like MAPK and PI3K signaling and tolerance to estrogen 
deprivation (82). Prolonged hyperactivation of MAPK 
boosts the recruitment of ERK2 and c-Jun to chromatin 
at the ESR1 gene locus, resulting in the transcriptional 
repression of the ESR1 and estrogen-independent tumor 
progression (83). Proteomic profiling of cancer cells under 
long-term estrogen starvation reveals heightened activation 
of PI3K/Akt/mTOR pathway, which is associated with poor 
outcome in patients after adjuvant endocrine therapy (84).  
Blocking PI3K or mTOR restrains the emergence of 
estrogen-independent cells and restores tumor response to 
estrogen-depriving treatment (84). Similarly, BEZ235 and 
Cabozantinib treatment in castration-refractory prostate 
cancer induces downregulation of pEGFR and inhibition 
in PI3K-Akt signaling, leading to a reduction in tumor 
progression and spread (77). This is in concert with the 
notion that there is a reciprocal feedback loop between 
AR signaling and PI3K-Akt pathway (85). However, in 
PTEN-mutated prostate cancer, PI3K pathway is mainly 
driven by PI3Kβ. Strikingly, PI3Kβ abrogation in this type 
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of tumor results in a rebound in PI3K signaling through 
a compensatory upregulation of PI3Kα. Fortunately, the 
combination of PI3Kα, PI3Kβ and AR blockade potently 
confines the development of prostate cancer (86). Currently, 
therapies targeting PI3K pathway are undergoing clinical 
investigation in castration-resistant prostate cancer (75).

As mentioned above, the acquisition of stem-like 
phenotype following EMT process endows cancer cells with 
enhanced aggressiveness and refractoriness to endocrine 
therapy. It provides a rationale for the investigations to 
determine the efficiency of targeted therapies against the 
key cytokines and signaling in EMT in combination with 
endocrine therapy.

Conclusions

A growing body of studies have provided a framework 
for microenvironmental regulation in tumor initiation, 
progression, angiogenesis, immune evasion, metastasis and 
therapeutic resistance. Thereinto, TAMs serve as pivotal 
accomplices and an attractive therapeutic target in the 
suppression of various type of tumors. In the clinical arena, 
approaches against TAMs have already shown promise over 
recent years. For example, pharmacological depletion of 
TAMs by a selective CSF1R inhibitor, PLX3397, induced a 
durable suppression in tumor growth among patients with 
tenosynovial giant-cell tumors (87). In pancreatic ductal 
adenocarcinoma, CCR2 blockade through PF-04136309 
elicited image-proven tumor response in 49% patients 
and local tumor control in 97% patients (88). However, 
challenges exist in the translation of the TAM-targeting 
approaches into clinical benefit in patients with neoplasms. 
Firstly, a large proportion of the studies above employed 
mouse cancer models for mechanistic exploration of TAMs 
in the promotion of tumor progression. Interrogation 
of clinical samples from tumor-bearing patients, instead, 
will provide significant information of the impact of 
TAMs or TAM-targeting therapies on tumor cells and the 
microenvironment, especially in the condition of metastatic 
malignancies and under therapeutic stress. Next, the 
remarkable inherent heterogeneity among different tumor 
models as well as distinct subtypes of each cancer limits the 
applicability of interventions against TAMs. This suggests 
for appropriate identification for potential patients that 
will benefit from microenvironmental treatment alone or 
in combination. Moreover, resistance to TAM-targeted 
therapies or even tumor recurrence emerges in several 
cancer models. CSF-1R blockade through PLX3397 

showed limited efficacy in patients with glioblastoma (89). 
In preclinical trials, long-term CSF-1R inhibition induces 
a rebound in TAMs partially via their exposure to local 
IL-4. These macrophages exhibit upregulation of IGF-1, 
which activates IGF-1R and PI3K signaling in tumor cells 
and develop tolerance to TAM depletion (90). Besides, a 
compensatory increased infiltration and activity in MDSCs, 
cancer associated fibroblasts or neutrophils will contribute 
to the refractoriness of TAM depleting regimen. Finally, 
for the bright prospect of TAM intervention, studies are 
warranted to investigate the tolerability and therapeutic 
efficacy of TAM-targeted agents in combination with 
standard and frontline therapies in the clinical arena.
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