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Abstract: Inflammatory breast cancer (IBC) is a rare and highly aggressive subtype of 
advanced breast cancer. The aggressive behavior, resistance to chemotherapy, angiogenesis, 
and high metastatic potential are key intrinsic characteristics of IBC caused by many specific 
factors. Pathogenesis and behavior of IBC are closely related to tumor surrounding inflam-
matory and immune cells, blood vessels, and extracellular matrix, which are all components 
of the tumor microenvironment (TME). The tumor microenvironment has a crucial role in 
the local immune r09esponse. The communication between intrinsic and extrinsic compo-
nents of IBC and the abundance of cytokines and chemokines in the TME strongly contribute 
to the aggressiveness and high angiogenic potential of this tumor. Critical modes of interac-
tion are cytokine-mediated communication and direct intercellular contact between cancer 
cells and tumor microenvironment with a variety of pathway crosstalk. This review aimed to 
summarize current knowledge of predictive and prognostic biomarkers in IBC. 
Keywords: inflammatory breast neoplasms, biomarkers, tumor microenvironment, targeted 
therapy

Introduction
Inflammatory breast cancer (IBC) is rare and highly aggressive subtype of locally 
advanced breast cancer. The primary tumor of IBC is classified by The 2017 
American Joint Committee on Cancer and the International Union for Cancer 
Control (AJCC-UICC) Tumor, Node, Metastasis (TNM) as T4d and characterized 
by the presence of many dermal tumor emboli in the papillary and reticular dermis 
of the skin overlying the breast, diffuse dermatologic erythema and edema (peau 
d’orange). IBC accounts for about 2.5% of all diagnosed breast cancers, in the 
United States is estimated to account for 1% to 6% cases.1,2 Actually, in some parts 
of the Middle East and northern Africa, this incidence can be as high as 10%.3 

Younger and African-American women are especially affected by IBC. The average 
age is 59 years, which is less than that of patients with non-IBC breast cancer.1,2

In general, patients with non-metastatic IBC are treated similarly to those with 
others LABC. There are only two main differences – breast conservation therapy 
(BCT) and sentinel lymph node biopsy (SNB) are inappropriate for IBC.4

IBC is a very aggressive type of breast cancer. The aggressive behavior, resistance 
to chemotherapy, angiogenesis, and high metastatic potential are key intrinsic char-
acteristics of IBC caused by many specific factors. Accordingly, contributions of the 
tumor microenvironment (TME) to the pathogenesis and aggressive behavior of IBC 
was declared in many studies. This review aimed to summarize current knowledge of 
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predictive and prognostic biomarkers in IBC, including 
tumor tissue and tumor microenvironment associated bio-
markers including blood circulation.

Tumor-Associated Biomarkers
IBC is a clinicopathologic entity. Typical clinical presenta-
tion with duration no more than six months occupying at 
least one-third of the breast and histology of invasive 
breast cancer obtained from a biopsy of the affected breast 
are mandatory for the diagnosis of IBC. Mammographic 
findings of IBC and mastitis could have a similar appear-
ance; therefore, breast imaging could be more useful in 
disease monitoring.

Staging evaluations include routine laboratory tests, 
computed tomography of the chest, abdomen, and pelvis, 
a bone scan, and ultrasound-guided biopsy of the nodes in 
patients with suspicious lymph nodes.5

IBC cells are histopathologically similar to non-IBC 
cells. The tumor is not a specific histologic subtype of 
breast cancer, IBC is usually of the ductal type with 
pleomorphic cells and a high histologic grade.6 Cancer 
cells are typically distributed diffusely in clusters through-
out the skin and breast. In IBC tumors have been reported 
cytokine-mediated infiltration of the lymphocytes or 
tumor-associated macrophages. Tumor biomarkers are in 
most cases evaluated in main tumor rather than in the 
lymphatic emboli. However, there might be 
a discrepancy between these two types of tumor tissue 
with clinical implications as non-IBC tumors can recur 
with IBC features and vice versa.

The classic histologic finding on biopsy is a dermal 
lymphatic invasion, which is found in approximately 75% 
of all cases, but it can also be an incidental finding in 
patients with non-IBC. Therefore, this finding is not neces-
sary for the diagnosis. Within the dermal-lymphatic ves-
sels are found formation and invasion of tumor emboli, 
which are responsible for the local signs and rapid meta-
static potential.6–11 Several markers have been identified in 
preclinical tumors emboli models, such as zinc finger 
E-box-binding homeobox 1 (ZEB1), E-cadherin, aldehyde 
dehydrogenase 1 (ALDH1) and NOTCH3.12–14

The hallmark if IBC are tumor emboli (TE) formed by 
aggregates of tumor, immune and stromal cells, which 
caused blockage of dermal lymph vessels with the typical 
clinical presentation of “peau d’orange” appearance of the 
skin. Variable intercellular contact, both between cancer 
cells and TME and cancer cells, is responsible for the 
formation of a unique emboli structure. Caveolin1 and 

RhoC overexpression modulates these junctions and con-
tributes to invasion of tumor emboli into the vascular 
structure. The emboli cells can survive despite hypoxia 
and direct exposure to the immune system and to form 
small cell clusters with high metastatic potential.15 

A better understanding of the biology of tumor emboli is 
important to developing novel opportunities for treatment.7 

Intracellular translocation of E-cadherin causes modula-
tion of intercellular junctions and cancer cells migration 
into surrounding tumor microenvironment, which contri-
butes to the special structure of IBC.7 Recent reports have 
linked IBC to display a hybrid epithelial/mesenchymal 
phenotype based on its levels of E-cadherin and its ability 
to migrate collectively as tumor emboli. On a molecular 
level, hybrid E/M cells have been shown to coexpress 
CD24 and CD44 (CD24hi CD44hi signature). This sub-
population resembles features of chemoresistance and 
have metastasis initiation properties.16,17

IBC tumors are characterized by downregulation of 
hormone receptors – estrogen receptor and/or progesterone 
receptor (ER/PR) and amplification of human epidermal 
growth factor receptor 2 (HER2) more frequently than 
non-IBC (HR-positive subtypes 30% in IBC versus 
60–80% in non-IBC; HER2-positive 40% in IBC versus 
25% in non-IBC). Also, incidence rates of triple-negative 
breast cancer (TNBC) subtypes are higher in IBC (30% 
versus 10–15% in non-IBC). These subtypes are generally 
associated with a worse prognosis and shorter disease-free 
survival.2,18–20

In clinical practice, the most important tumor- 
associated biomarkers are LE, even not present in all 
patients, while there is no other specific IBC-related bio-
marker with clinical utility, while all other biomarkers the 
same as in non-IBC setting.

IBC-Related Genetic Biomarkers
Due to the aggressive behavior of IBC and poor prognosis 
despite complex cancer treatment, recent researches have 
focused on investigating the molecular genetics of IBC to 
use targeted therapies in the treatment. Gene expression 
profiling attempts to characterize IBC, however, none of 
them have so far been able to identify a unique mutational 
or phenotypic profile specific to IBC. Several studies were 
performed that did not reveal a significant difference in 
gene expression between IBC and non-IBC.7 Ross et al 
reported the most frequently altered genes in 53 patients 
with IBC, which were not unique to IBC. Amplification of 
MYC (32%), PIK3CA (28%), HER2 (26%) and FGFR1 
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(17%) and mutation of p53 (62%), BRCA2 (15%) and 
PTEN (15%) were detected. Forty-two percent of patients 
with triple-negative IBC had MYC amplification, there-
fore, further studies of this finding are needed to improve 
the survival of this group of patients with a poor 
prognosis.21

In another study, somatic mutations in 24 patients with 
metastatic IBC were tested. Three major mutations were 
p53 (75%), PIK3CA (41,7%) and ERBB2 (16,7%). This 
was the first report of higher frequency of ERBB2 muta-
tion in IBC, especially in patients with hormone-receptor 
positivity, which could be a potential target in treatment 
for HR+ IBC.22

Rana et al evaluated the results of genetic tests of 368 
women with IBC. The germline mutations were found in 
14.4% of patients. 7.3% had BRCA1 or BRCA2 muta-
tions, 6.3% had other breast cancer gene mutation 
(PALB2, CHEK2, ATM, BARD1), and 1.6% had a non- 
breast cancer-associated mutation. The highest prevalence 
of germline mutations was among patients with triple- 
negative IBC (24%). The diversity of detected germline 
mutations suggests the need for further studies to assess 
the role of them in IBC.23

The role of p53 mutation in patients with IBC was 
evaluated in several studies. A study of 27 patients with 
IBC reported two mechanisms, which can subvert the 
normal function of p53 – cytoplasmic sequestration of 
the wild-type protein and direct nuclear mutations.24 

A subsequent study evaluated the prognostic significance 
of p53. Riou et al reported an 8.6-fold higher risk of death 
in patients with a p53 mutation and nuclear overexpression 
of p53 protein compared to patients without these findings. 
There were also observed prognostic interactions with HR 
expression. ER-negative women with p53 nuclear over-
expression had a 17.9-fold higher risk of death versus 
2.8-fold in patients with p53 overexpression without ER- 
negativity.25

Small, non-coding RNAs – microRNAs (miRNAs) 
have also been actively investigated as molecular biomar-
kers for the diagnosis and prognosis of IBC tumors. 
MiRNAs influence tumor´s intrinsic and extrinsic compo-
nents and also modulation of TME by regulation of the 
expression of genes by targeting mRNAs. Qi et al 
described 5 potential miRNAs as diagnostic molecular 
biomarkers in IBC (miR-301b, miR-451, miR-15a, miR- 
342-3p and miR-342-5p), some miRNAs associated with 
a better (miR-19a, miR-7, miR-324-5p) and with poorer 
prognosis (miR-21, miR-205).26 Other studies described 

the lower expression of miR-26b in IBC than in normal 
breast tissue and lower expression of miR-205 in IBC 
compared with non-IBC. Lower expression of both, miR- 
26b and miR-205, was associated with shorter distant 
metastasis-free survival and overall survival.27,28 The 
potential application of IBC associated miRNAs for diag-
nosis and prognosis of IBC requires further investigation.

The major goal of recently published studies was to 
identify differences in the gene expression of IBC from 
non-IBC breast cancers to find out targetable genomic 
drivers.

A novel gene called WNT1 inducible-signaling path-
way protein 3 (WISP3) appears to operate as a tumor 
suppressor gene in IBC. About 80% of IBC is character-
ized by the loss of WISP3 (versus 21% in non-IBC). 
WISP3 is a protein able to inhibit the invasive potential 
of malignant cells and tumor cell growth.29

Another of the most highly overexpressed genes in IBC 
is the putative oncogene RhoC GTPase (90% in IBC 
versus 38% in non-IBC). RhoC GTPase is a member of 
Ras superfamily proteins and it is involved in cytoskeletal 
reorganization. Upregulation of the Rhoc GTPase gene 
leads to the release of angiogenic cytokines, enhanced 
invasiveness potential, and high motility of the tumors 
cells. RhoC GTPase is also associated with the upregula-
tion of vascular endothelial growth factor (VEGF), basic 
fibroblast growth factor (bFGF), interleukin-6 (IL-6), and 
interleukin-8 (IL-8), what is responsible for angiogenic 
stroma formation in IBC.30–32 RhoC GTPase protein, as 
mentioned above, plays a role in focal adhesion and inva-
sion ability of IBC cells and in increasing metastatic 
capacity. RhoC activation is caused by caveolin 1, a cell 
membrane protein, which is upregulated in IBC and thus 
increases the invasiveness of cancer cells.33,34

Two studies reported high upregulation of the gene that 
encodes myristoylated alanine-rich C-kinase substrate 
(MARCKS) and the association between MARCKS over-
expression and shorter metastasis-free survival (MFS) in 
patients with IBC. MARCKS is a substrate for protein 
kinase C and plays an important role in cell motility, 
phagocytosis, and regulation of the cell cycle. 
Concerning the association of MARCKS overexpression 
in IBC and association with poor MFS, MARCKS might 
represent a new potential therapeutic target in IBC.35,36

Boersma et al identified multiple pathways related to 
the endoplasmic reticulum stress response, that were dif-
ferentially expressed in the tumor stroma of IBC versus 
non-IBC. Their findings suggest that the genomics of the 
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stromal cells may play an important role in understanding 
the IBC phenotype.37

IBC tends to be a highly vascular tumor because of its 
high angiogenic and angioinvasive potential.38 Patients 
with IBC have greater lymphatic vessel density and higher 
levels of the vascular endothelial growth factor D (VEGF- 
D) compared to patients with non-IBC.39 VEGF-D plays 
an important role in angiogenesis and lymphangiogenesis 
of IBC. The VEGF receptor-3 is expressed in lymphatic 
endothelium and is activated by VEGF-C and VEGF-D 
ligands. The expression of VEGF-D was detected only in 
IBC cell lines.40–42 Thus, the efficacy of angiogenesis 
inhibitors in the treatment of IBC was examined. 
Neoadjuvant bevacizumab combined with trastuzumab 
and chemotherapy in HER2-positive women with IBC 
was efficacious and well tolerated in previously untreated 
IBC in Phase 2 trial (BEVERLY-2). The complete remis-
sion rate in the bevacizumab arm was markedly higher in 
this study than in previous works.43 In preclinical studies 
are evaluated platelet-derived growth factor-α (PDGFRα) 
inhibitors (BLU-285) and monoclonal antibodies (olaratu-
mab). PDGFRα upregulation in tumor emboli also contri-
butes to high angiogenesis in IBC.7

IBC cancer cells form structures that mimic the normal 
mammary gland, which can be the reason for high che-
motherapy resistance, another intrinsic characteristic of 
IBC. The structures activate several signaling pathways, 
one of them is the epidermal growth factor receptor 
(EGFR) mediated pathway.7 EGFR is overexpressed in 
chemotherapy-resistant structures of IBC. In the study of 
44 cases of IBC 30% was EGFR positive with signifi-
cantly worse overall survival (OS) compared to EGFR- 
negative disease (P=0.01). The expression of growth factor 
receptors in IBC is associated with high recurrence rates 
and a higher risk of death; therefore, it may represent the 
new therapeutic targets.44

Alexander et al identified the new biomarker for ther-
apy of IBC – Cyclin E, which plays an important role in 
tumors cells invasion and chemoresistance due to the 
regulation of many pathways important in the biology of 
IBC. They described a high expression of cyclin E in 
patients with IBC, but not correlation with cyclin 
E phenotype and poorer outcome as we can see in non- 
IBC tumors. Early targeting of this pathway may be ben-
eficial in patients with chemotherapy resistance. We 
already have clinically available agents that target the 
cyclin E/CDK2 complex. One of these, dinaciclib, has 
had high toxicity in early trials,45–47 but in combination 

with other agents or treatment modalities and in metro-
nomic dosing it could be a new option in therapy of IBC. 
CDK inhibitors could have a function in sensitization in 
post-mastectomy radiation, particularly in women with 
residual tumors, and so reduce the risk of recurrence.48

Enhancer of zeste homolog 2 (EZH2) was examined as 
a potential biomarker to identify patients with IBC treated 
with radiation with a high risk of locoregional recurrence, 
who may benefit from radiosensitizers. EZH2 status was 
tested in 62 patients with IBC who received pre- or post- 
operative radiation. Locoregional recurrence occurred in 
16 women (25,8%), 15 of them had EZH2 expression. In 
addition, EZH2 positive IBC was associated significantly 
with negative ER status and TNR status.49

In ER-negative/HER2 positive IBC tumors, activation 
of the NF-κB pathway is often observed. This pathway is 
one of the main inflammation-mediated pathways and its 
activation can lead to the upregulation of antiapoptotic 
factors with subsequent resistance to chemotherapy. The 
activation was more frequently observed in IBC tumors 
(43% versus 4% in nonIBC).50–52

Preclinical data have demonstrated activation of the 
PI3K/mTOR and JAK/STAT pathways in IBC, along 
with the expression of inflammatory cytokines and 
TAMs.53 JAK/STAT pathway by promoting communica-
tion between extracellular peptide signals and cancer cell´s 
gene promoters supports the survival of cancer cells.54 In 
IBC, JAK/STAT dysregulation and subsequent isoforms 
pJAK2 and pSTAT3 activation and overexpression of IL- 
6 are observed. Jhaveri et al retrospectively analysed bio-
markers expression of pJAK2, pSTAT3, IL-6, and others 
in IBC tumors and surrounding non-tumor tissue. Ninety- 
five percent of samples were pJAK2 positive, suggesting 
a mechanism of resistance after neoadjuvant chemother-
apy. The activation of biomarkers was also demonstrated 
in surrounding non-tumor tissue.53,55 The combination of 
chemotherapy and JAK1 and JAK2 inhibitors in IBC is 
now being investigated in Phase I/II trial.56

Several studies have confirmed higher secretion of IL-6 
in IBC tumors and significantly higher levels of serum IL- 
6 in IBC compared to nonIBC patients.57 The IL-6 inflam-
matory pathway activation is increasingly noted mainly 
during the lymphatic invasion of cancer cells.58 Further 
studies to investigate the IL-6 pathway as a therapeutic 
target in IBC are needed.

PIK3CA kinase, which plays an important role in the 
proliferation of cancer cells, is frequently mutated in 
breast cancer. IBC tumors are characterized by frequent 
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genomic alterations in the HER/PI3K/mTOR pathway. 
PI3K may promote oncogenic signaling through mTOR 
activation. Marker of this activation is ribosomal S6 pro-
tein (pS6) which was positive in 100% IBC in Jhaveri´s 
study mentioned above.53,59 Thus, IBCs may benefit from 
an mTOR targeted therapy, which was demonstrated in the 
BOLERO-3 trial. There was the clinical benefit by mTOR 
inhibitor everolimus using in trastuzumab-resistant, 
HER2-positive patients.60

Finally, the inflammatory cyclooxygenase 2 (COX2) 
pathway is also well studied in IBC. COX2 is overex-
pressed in IBC compared to non-IBC and patients with 
COX2 overexpression have poorer overall survival com-
pared to those with low COX2.61 Upregulation of COX2 
and subsequently prostaglandin E2 (PGE2) overexpression 
is a result of chronic inflammation in TME.62 Table 1 
reviews molecular biomarkers in IBC.

In conclusion, while there are several signalling path-
ways that show different activations in IBC compared to 
non-IBC setting, currently, no genetic aberration and/or 
activation of specific signalling pathways was identified 
in IBC patients, that is lacking in non-IBC setting.

Tumor Microenvironment Associated 
Biomarkers
Pathogenesis and aggressive behavior of IBC are closely 
related to tumor surrounding inflammatory and immune 
cells, blood vessels, and extracellular matrix, which are all 
components of the tumor microenvironment. The tumor 
microenvironment has a crucial role in the local immune 
response.7 Term “inflammatory” breast cancer is based on 
clinical characteristics of IBC, that comprise inflammatory 
appeared breast, however, activated inflammatory pathways 
are not specific biological aspects of IBC. Nonetheless, accu-
mulating data suggest specific composition of TME in IBC.7

The tumor microenvironment contains increased mam-
mary stem cells and macrophages, which may influence 
the phenotype of IBC. Tumor surrounding tissue of the 
normal breast expresses a higher level of markers of the 
stem cells CD44, CD49f, CD133/2, and of the macro-
phages CD68 compared to non-IBC normal breast tissue.63

IBC cells induce the polarisation of macrophages into 
alternatively activated M2 tumor-associated macrophages 
(TAMs). TAMs antagonize the antitumor activity of CD8 
T-cells, support survival, and proliferation of tumor cells and 
contribute to metastasis process and angiogenesis by the pro-
duction of inflammatory mediators, immunosuppression, and 

by mediating tumor extracellular matrix remodeling.64–66 

Macrophage colony-stimulating factor 1 is a cytokine 
involved in M2 macrophage polarization. Its inhibition by 
antibody reduced the aggressive clinical phenotype of IBC. 
It was shown, that TAM isolated from TME of IBC patients 
produce several cytokines that facilitate metastatic potential of 
IBC cells.

Mesenchymal stem cells (MSCs) also induce polarisa-
tion of M2 TAMs by the production of macrophage colony- 
stimulating factor 1 (CSF1) and interleukin family proteins. 
In vitro and in vivo experiments demonstrated reduction of 
the aggressive clinical phenotype of IBC by using an anti-
body antiCSF1 and modulation of the effect of interleukins 
on TAMs by anti-IL6 antibodies.7 Other in vitro study 
suggests that inhibition of M2 polarisation of macrophages 
by phosphopeptide mimetic PM37, targeting the SH2 
domain of STAT6, can prevent radioresistance of IBC.67

T-cells infiltration and regulation of them are also an 
important component of TME. Infiltration of the healthy 
tumor-infiltrating lymphocytes (TILs) plays an important 
role in a good response to chemotherapy.7 Aggregates of 
CD8-positive T cells in the intratumoral and peritumoral 
desmoplastic stroma were identified in approximately 
half of women with IBC.59 The infiltrates of CD8 
T-cells participate in immune regulation of tumor 
growth. TILs in IBC have often poor effector function, 
which is typically associated with the expression of 
immune checkpoint inhibitor programmed cell death 
ligand 1 (PDL1) on TILs and tumor cells.68,69 Recent 
studies describe the importance of PDL1, which was 
overexpressed in 38% IBC (versus 10–30% in non- 
IBC). High levels of PDL1 may negatively regulate the 
function of T-cells. Anti-PDL1 therapies may reverse, in 
IBC tumors with overexpression of PDL1, Tcells exhaus-
tion. In patients with PDL1 upregulation was interest-
ingly reported a better response to chemotherapy.70–72 

PDL1 status in IBC patients remained a statistically 
independent predictor of OS (36,4% 5 years OS in 
PDL1-positive versus 47.3% in PDL1-negative IBC).73

B cells have also a critical role in the antitumor 
immune response. Arial-Pulido et al evaluated protein 
expression od PD-L1 and CD20 as prognostic biomarkers 
in IBC tumors. CD20+TILs/PD-L1+TILs status was an 
independent favorable prognostic factor for DFS and 
breast cancer-specific survival (BCSS) in IBC and TN 
IBC.74

Other important cells in TME are antigen-presenting 
cells – dendritic cells (DCs), which participate in T-cells 
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Table 1 Molecular Biomarkers in Inflammatory Breast Cancer

Biomarker Biomarker´s 
Characteristics

Prognostic Significance Therapeutics Options References

Tumor-associated biomarkers

Hormone receptors ER-/PR- [2,16–18]

HER2 HER2+ antiHER2 [2,16–18]

E-cadherin Intracellular 

translocation

Cancer cells migration [7]

IBC-related genetic biomarkers

MYC MYC amplif. in TN IBC [19]

p53 Mutation, cytoplasmic 
sequestration

↑ risk of death [21,22]

ERBB2 ERBB2 mutation Potential target for HR+ IBC [20]

miRNAs

miR-301b, miR-451, miR- 

15a, miR-342-3p, miR-342- 

5p

Potential diagnostic 

biomarkers

[23]

miR-19a, miR-7, miR-324-5p Better prognosis [23]

miR-21, miR-205 Poorer prognosis [23]

miR-26b and miR-205 Lower expression Shorter MFS and OS [24,25]

WISP3 Loss of WISP3 ↑ invasive potential, tumor cells 

growth

[26]

Rhoc GTPase Overexpress. ↑ angiogenesis, invasiveness, 

tumor cells motility

[27–29]

MARCKS Overexpress. ↓ MFS [32,33]

Caveolin 1 Upregulation ↑ invasiveness [30,31]

VEGF-D Upregulation ↑ angiogenic and angioinvasive 
potential

Angiogenesis inhibitors 
(Bevacizumab)

[36–40]

PDGFRα Upregulation ↑ angiogenesis PDGFRα inhibitor (BLU-285), 
monoclonal antibodies 

(olaratumab)

[7]

EGFR EGFR+ Chemotherapy resistance, ↑ 
recurrence rates, ↑ risk of death

[7,41]

Cyclin E Overexpress. Tumors cells invasion and 

chemoresistance

CDK inhibitors – targeting cyclin E/ 

CDK2 complex (dinaciclib)

[42–45]

EZH2 Expression Higher risk of radioresistance Radiosensitizers (CDK inhibitors) [46]

Affected pathways

NF-κB pathway Upregulation of 
antiapoptotic factors

Resistance to chemotherapy [47–49]

(Continued)
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activation. DCs are often suppressed in the peripheral 
blood of women with IBC leading in decreased tumor 
necrosis factor (TNF) secretion, thus novel therapeutics 
with DC agonistic activity may lead to a better outcome 
in patients with IBC by direct secretion of TNF. DCs also 
secrete interleukin 12 (IL12), which plays a role in 
T helper cells maturation, thus IL12 agonists may also be 
a new therapeutic option in IBC treatment.7,75–77

The communication between intrinsic and extrinsic 
components of IBC and the abundance of cytokines and 
chemokines in the TME strongly contribute to the aggres-
siveness and high angiogenic potential of this tumor. 
Critical modes of interaction are cytokine-mediated com-
munication and direct intercellular contact between cancer 
cells and tumor microenvironment with a variety of path-
way crosstalk.7

For clinical practice, TME biomarkers with clinical 
utility are the same as for non-IBC, a most useful are 
presence of TILs and PD-L1 expression in TNBC, while 
other biomarkers help us to better characterize the biology 
of IBC without direct effect for clinical decision making.

Blood-Based Biomarkers
Circulating tumor cells (CTC) count is an independent prog-
nostic factor in primary and metastatic breast cancer 
patients.75,78 In the pooled analysis of two prospective trials 
in nonmetastatic IBC patients treated with neoadjuvant che-
motherapy combined with neoadjuvant and adjuvant beva-
cizumab (BEVERLY-1, BEVERLY-2), prognostic values of 
circulating tumor cells (CTC) were evaluated. At baseline 
39% of patients had detectable CTC, which was associated 
with shorter 3-year DFS (39% versus 70% in CTC negative 

Table 1 (Continued). 

Biomarker Biomarker´s 
Characteristics

Prognostic Significance Therapeutics Options References

JAK/STAT pathway pJAK2 and pSTAT3 

activation

Survival of cancer cells, 

chemotherapy resistance

[50–53]

HER/PI3K/mTOR pathway mTOR activation 

through pS6

Oncogenic signaling promotion mTOR inhibitor (everolimus) [50,56,57]

COX2 pathway overexpress. chronic inflammation, poorer OS [58,59]

Tumor microenvironment associated biomarkers

CD44, CD49f, CD133/2 Overexpress. in TME Markers of stem cells – 
phenotype of IBC influence

[60]

CD68 Overexpress. in TME Markers of macrophages – 
phenotype of IBC influence

[60]

CSF1 TAMs polarisation Proliferation, metastasis, 
angiogenesis

antiCSF1 [7]

IL-6 Upregulation Proliferation, metastasis, 
angiogenesis

anti Il-6 [54,55]

PDL1 Overexpress. T-cells exhaustion anti-PDL1 [59,66– 
69,83]

Blood-based biomarkers

CTC Detectable CTC – 
prognostic significance

Shorter DFS and OS, lower 
levels of myeloid-DCs

[71,74–76]

MMP2 High baseline levels – 
prognostic significance

Better DFS and OS [78]

MMP9 Low baseline levels – 
prognostic significance

Better DFS and OS [78]
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patients) and shorter 3-year OS with a suggestion that CTC 
count could have a role in stratification of IBC patients.79 In 
a retrospective study of 147 patients with newly diagnosed 
IBC, patients with fewer than 5 CTCs had significantly better 
PFS and OS than patients with five or more CTCs detected 
before the start with chemotherapy. CTCs were a strong 
predictor of worse prognosis in these women.80 Their detec-
tion by the FDA-approved CellSearch system showed clin-
ical validity in IBC as well as in non-IBC patients.

CTC counts also correlate with the blood dendritic cells 
(DC) immunophenotypes and the function of IBC. Patients 
with high levels of CTCs (≥5) have lower levels of myeloid- 
DCs (mDCs) capable of producing TNF-α and IL-12 
through the toll-like receptor (TLR), which suggests general 
dysfunction of the immune system in IBC patients with 
a high number of CTCs.75 Patients with high levels of 
CTCs have a lower percentage of CD3+ and CD4+ T cells 
in peripheral blood, a lower percentage of CD8+ T cells, and 
a higher percentage of T-regulatory lymphocytes compared 
to patients without CTCs.81 Moreover, a high percentage of 
mDCs, which could induce a pro-inflammatory TME, is 
independently associated with worse OS in IBC patients.75

Also, prognostic impact of circulating levels of matrix 
metalloproteinases (MMP) 2 and 9 were examined in 
BEVERLY-2 IBC patients with HER2-positive IBC trea-
ted with the addition of bevacizumab to trastuzumab-based 
chemotherapy. High baseline MMP2 and low baseline 
MMP9 were correlated with better DFS and OS with 
a significant increase in MMP2 and a decrease in MMP9 
levels during treatment.82

Conclusion
Despite the multimodal treatment, patients with IBC still 
have particularly poor prognosis and high risk of early 
recurrence. Their survival rate remains significantly 
worse compared to patients with nonIBC.

An improved biological understanding of IBC suggesting 
the possibility of more personalized effective targeted thera-
pies with the improvement of the clinical outcomes in these 
patients. The contribution of tumor microenvironment with 
the abundance of cytokines and chemokines to the disease is 
fundamental. Thus, cytokine blockade and immunotherapy 
may play a crucial role in the treatment of IBC in the future.
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