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Introduction—Inflammatory breast cancer (IBC) is an aggressive and rare cancer with a poor 

prognosis and a need for novel targeted therapeutic strategies. Preclinical IBC data demonstrates 

strong activation of the PI3K/mTOR and JAK/STAT pathways, expression of inflammatory 

cytokines and tumor associated macrophages (TAMs).

Methods—Archival tumor tissue from three disease types (IBC treated with neoadjuvant 

chemotherapy (NAC) (n=45); invasive ductal carcinoma (IDC) treated with NAC (n=24; ‘treated 

IDC’); and untreated IDC (n=27; ‘untreated IDC’)) was analyzed for the expression of biomarkers 

pS6 (mTOR), pJAK2, pSTAT3, IL6, CD68 (monocytes, macrophages) and CD163 (TAMs). 

Surrounding non-tumor tissue was also analyzed.

Results—Biomarker levels and surrogate activity by site-specific phosphorylation were 

demonstrated in the tumor tissue of all three disease types but were highest in IBC and treated IDC 

and lowest in untreated IDC for pS6, pJAK2, pSTAT3 and IL6. Of 37 IBC patients with complete 

biomarker data available, 100% were pS6 positive and 95% were pJAK2 positive. In non-tumor 

tissue, biomarker levels were observed in all groups but were generally highest in untreated IDC 

and lowest in IBC, except for JAK2.

Conclusions—IBC and treated IDC display similar levels of mTOR and JAK2 biomarker 

activation, suggesting a potential mechanism of resistance after NAC. Biomarker levels in 

surrounding non-tumor tissue suggest that the stroma may be activated by chemotherapy and 

resembles the oncogenic tumor-promoting environment. Activation of both pS6 and pJAK2 in 

IBC may support dual targeting of mTOR and JAK/STAT pathways, and the need for prospective 

studies to investigate combinatorial targeted therapies in IBC.
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INTRODUCTION

Inflammatory breast cancer (IBC) is an uncommon and aggressive form of breast cancer 

accounting for approximately 1–5% of all breast cancers1, 2. The diagnosis is made 

clinically when patients present with sudden onset of erythema, inflammation, tenderness 

and warmth involving more than one-third of the breast with a duration of no more than 6 

months1. The hallmark and lethality of IBC is the formation of tumor cell emboli: non-

adherent cell clusters that spread rapidly within blood and dermal lymphatic vessels3. 

Despite multi-modality treatment with chemotherapy, surgery and radiation therapy, the 

prognosis for IBC is poor, with a 5-year median overall survival (OS) of 30–50%, 

underscoring a clear unmet need for more effective and molecularly targeted strategies1, 2.

Understandably, there has been considerable interest in investigating the underlying 

molecular pathways of IBC in an attempt to identify potential therapeutic targets. The 

human epidermal growth factor receptor (HER2/neu) was one of the first targets studied1. 

The benefit of anti-HER2 therapy in IBC was established by the randomized phase 3, 

NeOAdjuvant Herceptin (NOAH) trial4. An increase in 3 year event-free survival (EFS) was 

found when adding the monoclonal anti-HER2 antibody trastuzumab to neoadjuvant 

chemotherapy, continued for one year post-surgery, in patients with locally advanced breast 
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cancer (LABC) that included a distinct cohort of IBC patients4. Other trials evaluating 

trastuzumab in HER2-positive LABC have included small cohorts of patients with IBC, and 

also showed benefit of anti-HER2 therapy5–7. Lapatinib, a dual HER2 and epidermal growth 

factor receptor (EGFR) inhibitor demonstrated efficacy in IBC, both as a single agent and in 

combination with a taxane1, 8, 9. As IBC demonstrates extensive angiolymphatic invasion, 

anti-angiogenesis targets, including bevacizumab, have been studied with mixed 

results10–15.

Biologic features that make IBC so aggressive include but are not limited to p53 mutations, 

overexpression of E-cadherin and RhoC GTPase, increased cytoplasmic MUC-1, loss of 

WISP3 gene, overexpression of translation initiation factor, eIF4GI, that drives Ecadherin 

and pro-invasive p120 catenin expression, and NF-κB expression, a regulator of cytokines 

interleukin-6 (IL-6) and IL-83, 16–20. These cytokines signal through the Janus kinase (JAK)/

Signal transducer and activator of transcription (STAT) pathway, which is involved in cell 

proliferation, differentiation, and apoptosis21. IL-6 and IL-8 also play a role in the epithelial 

to mesenchymal transition (EMT)22, and may contribute to the aggressiveness of IBC. IBC 

cells are enriched in the basal/mesenchymal CD44+/CD24− cancer stem cell phenotype23, 

consistent with IL-6/IL-8 activity. The IL-6/JAK2/STAT3 pathway is required for the 

growth of basal/mesenchymal-type cells, which have tumor initiating properties and 

invasive features24. Despite all these findings, efforts to identify an IBC-specific molecular 

signature have been limited due to small sample sizes and low statistical power, the 

molecular heterogeneity of the disease, and technological differences related to the use of 

different genome-wide assay platforms25, 26.

We have focused on identifying molecular drivers associated with IBC tumor growth, 

invasion and metastasis. We previously identified hyperactivation of the 

phosphatidylinositide-3-kinase (PI3K)/protein kinase B (AKT)/mammalian target of 

rapamycin (mTOR) pathway, a key regulator of cell proliferation and survival in breast 

cancer, as also being important in IBC cell lines and xenografts3, 27. Studies have shown that 

mTOR signaling is increased in HER2-amplified IBC compared to non-IBC breast cancer28. 

We found that eIF4GI, a translation initiation factor that is regulated by mTOR, is 

overexpressed in IBC tumor biopsies, the SUM149 IBC cell line, mouse xenograft patient 

IBC models, and promotes greater formation and invasive activity of IBC tumor emboli3, 29.

In addition to mTOR activation, a statistically significant increase in macrophage infiltration 

has been demonstrated in IBC when compared to non-IBC tissues30. Tumor associated 

macrophages (TAM) in particular, exhibit pro-tumor like properties including increased 

tumor progression, enhanced angiogenesis, cell migration and invasion31. These differ from 

M1 macrophages which are classically activated macrophages and are involved in enhancing 

the production of oxygen radicals, IL-6, IL-12 and potentiating innate immune responses32. 

TAMs also promote the release of inflammatory cytokines, including IL-6, which activates 

the JAK/STAT pathway21. Phosphorylated STAT3 was shown to be activated in 85 percent 

of IBC patient tissues, and a phase I/II clinical trial is underway evaluating ruxolitinib, an 

oral JAK 1/2 inhibitor, in combination with neoadjuvant chemotherapy in triple negative 

IBC23, 33. However, the baseline levels of mTOR and JAK/STAT signaling pathways in 

both IBC and invasive ductal carcinoma (IDC) remains poorly studied. In this study we 
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therefore examined baseline activities of these pathways, in both the tumor and the 

surrounding non-tumor tissues, and the effect of conventional chemotherapy, in order to 

determine whether they constitute potentially favorable targets for co-treatment with JAK1/2 

and/or mTOR inhibitors in IDC and/or IBC.

While activation of mTOR and JAK/STAT pathways has been described as independent 

events in IBC, cross-talk between these signaling pathways has been shown, and they 

respond reciprocally to inhibition34. In triple negative breast cancer models, treatment with a 

dual PI3K/mTOR inhibitor, BEZ235 hyperactivates the JAK2/STAT5 pathway, AKT, and 

expression of IL-8. This in turn inhibits cell death and dampens the response to PI3K/mTOR 

inhibition. This feedback loop is abrogated by JAK2 inhibition, and dual inhibition of both 

PI3K/mTOR and JAK2 synergistically reduces tumor growth and metastasis and increases 

overall survival in animals35. The existing preclinical data suggest a need to explore a 

potential role for the PI3K/mTOR and JAK/STAT pathways, activation of TAMs, and the 

expression of inflammatory cytokines in the pathogenesis of IBC, and in response to 

conventional chemotherapy. We therefore investigated the involvement of these pathways in 

patient tissues of IBC and both treated and untreated stage II/III IDC.

METHODS

Patient cohorts and tissues

We obtained archival tumor tissue specimens with prior Institutional Review Board approval 

for patients ≥ 18 years of age with (1) IBC treated with neoadjuvant therapy; (2) stage II/III 

invasive ductal carcinoma (IDC) treated with neoadjuvant therapy; and (3) untreated stage 

II/III IDC breast cancer from three institutions (Table 1A).

Eligibility criteria

IBC patients were required to have a clinical presentation of IBC as evidenced by 

inflammation (erythema, tenderness, warmth, peau d’orange appearance) involving at least 

one third of the breast, prior neoadjuvant chemotherapy with an anthracycline and/or taxane-

based chemotherapy regimen, and residual disease at the time of definitive surgery. Patients 

who had achieved a pathologic complete response (pCR) with no residual disease at time of 

definitive surgery and patients with de novo metastatic disease with no primary tumor were 

excluded because of the inability in obtaining a definitive biopsy from the primary lesion. 

Cases were obtained from the voluntary IBC registry at George Washington University 

(GWU) established in 2002 and from New York University (NYU) Langone Medical 

Center. Patients from both institutions met the same criteria for diagnosis of IBC. For the 

GWU cases, disease status was confirmed through patient medical records, patient 

interviews from the IBC registry and pathology records. For the NYU cases, a pathology 

database of all available mastectomy specimens was queried to identify cases between 

2002–2013 that had a clinical description of “IBC” or pathologic findings of dermal 

lymphatic involvement consistent with IBC. Clinical charts were reviewed for the cases 

identified via the pathology database to ensure patient eligibility.
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Treated stage II/III IDC patients (treated IDC) were required to have clinical stage II or III 

IDC breast cancer, prior neoadjuvant chemotherapy with an anthracycline and/or taxane-

based chemotherapy regimen, and residual disease at the time of definitive surgery. Patients 

who had achieved a pCR and had no residual disease at the time of definitive surgery were 

excluded. We obtained these cases from the same NYU pathology database used for the IBC 

cases with dates of diagnosis from 2004–2011. Clinical charts were reviewed to ensure 

patient eligibility.

Untreated stage II/III IDC patients (untreated IDC) were required to have pathologic stage II 

or III IDC breast cancer, definitive surgery with lumpectomy or mastectomy, and could not 

have received any prior neoadjuvant chemotherapy. The specimens were obtained from Yale 

University School of Medicine.

Each tumor specimen included surrounding non-tumor tissue. For all cases, clinical and 

survival data were obtained including age, date of clinical and pathological diagnosis, 

estrogen receptor (ER), progesterone receptor (PR), HER2 status, treatment history 

including details of systemic therapy, if available (neoadjuvant and adjuvant chemotherapy), 

endocrine therapy, anti-HER2 directed therapy (Supplement 1), radiation therapy, date and 

type of surgery, date of recurrence, date of last follow up and survival status.

Immunohistochemistry and scoring

All specimens were analyzed using immunohistochemistry (IHC) and scored by three 

independent pathologists. Paraffin-embedded ovarian sections were warmed and serially de-

paraffinized in Xylene and ethanol, introduced into an antigen unmasking solution, blocked 

and sections incubated overnight at 4°C with antibodies as indicated in Table 1B. Antigen 

retrieval requirements were first determined and then primary antibody was serially diluted 

to determine the optimum dilution/concentration. Briefly, sections were deparaffinized in 

xylene (3 changes), rehydrated through graded alcohols (3 changes 100% ethanol, 3 changes 

95% ethanol) and rinsed in distilled water. Heat induced epitope retrieval was performed in 

10 mM citrate buffer pH 6.0 in a 1200-Watt microwave oven at 90% power. Sections were 

allowed to cool for 30 min and then rinsed in distilled water. Antibody incubations and 

detection were carried out on a NEXes platform (Ventana Medical Systems Tucson, AZ 

USA) using Ventana’s buffer and detection system unless otherwise noted. Expression of 

activated phosphorylated mTOR was carried out using surrogate activating phosphorylation 

of rS6 (P-Ser240/244); Activating phosphorylation nuclear JAK2 and STAT3 (pJAK2, 

Tyr1007/8; pSTAT3, Tyr705), CD68 (monocytes/macrophages), CD163 (TAMs) and JAK2/

STAT3-mediated cytokine expression represented by IL-6. (Figure 1). Control studies 

included staining in the absence of primary antibody, and titration of primary antibodies to 

determine minimum amount required for strongest signal to noise ratio. Specimens were 

scored using traditional categorical standards that reflect the range of responses and allowed 

the middle quantile to represent the median of the data spread, assuring a full dynamic 

range36. Quartiles were therefore used for scoring pS6 and pJAK2 which have a larger 

dynamic range, and tertiles for pSTAT3 and IL-6. Since macrophage infiltration is 

quantified by cell number, analysis of CD68 and CD163 used continuous scoring. 

Specimens were scored as 0, 1, 2, 3+ for pS6 and pJAK2, and 0, 1, 2+ for pSTAT3 and IL-6. 
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CD68 and CD163 were scored as continuous variables (0–150 cells/per high power field 

(HPF, 63× objective, 10× eye piece objective) for CD68 and 0–99 cells/HPF for CD163, 

respectively). The cut-off for staining had to include at least 5% of the cells in a given 

population and took into consideration the percentage of positive cells as follows. For 

quartile scoring: 0 <5%; +1 ≥6% but <33%; +2 >33% but <65%; +3 >66%. For tertile 

staining: 0 <5%; +1 ≥6% but <50%; +2 ≥50%. Antibodies and scoring methods are listed in 

Table 1B.

Statistical methods

Patient characteristics and biomarker scores were summarized by disease groups using 

descriptive statistics including medians and ranges for continuous variables and frequency 

distributions for categorical and ordinal variables. Recurrence-free survival (RFS) and 

overall survival (OS) were measured from the clinical diagnosis date. RFS and OS were 

analyzed using the Kaplan–Meier method with point estimates and 95% confidence intervals 

(CIs) calculated from Kaplan–Meier curves. Numbers of recurrences and deaths were 

reported. Differences in biomarker levels and cytokine/protein expression were evaluated 

among the three disease types. For biomarkers with ordinal measurements, we used Fisher’s 

Exact Test; for biomarkers with continuous measurements, the Kruskal-Wallis non 

parametric analysis of variance test was used. To evaluate differences in biomarker 

expression levels of the surrounding non-tumor tissue among the three disease types, similar 

methods were used. For each marker, in each analysis, pairwise differences were tested 

when the overall difference from the analysis of variance was significant (p ≤0.05) using a 

Bonferroni adjusted p-value of 0.0167 for 3 pairwise comparisons.

Differences in levels in tumor versus surrounding non-tumor tissue were compared among 

the three disease types. We defined a change score to adjust for surrounding non-tumor 

tissue expression for those markers with ordinal outcomes. Three values were defined for 

this score: tumor tissue levels < surrounding tissue levels, tumor tissue levels = surrounding 

tissue levels, and tumor tissue levels > surrounding tissue levels. Fisher’s Exact Tests were 

used to test for differences in the distributions of this score among the three disease types. 

Again, pairwise differences between groups were tested using a Bonferroni adjusted p value 

as described above. For biomarkers with continuous measurements, we calculated the actual 

difference between the tumor tissue and matched surrounding non-tumor tissue; differences 

were evaluated using the Kruskal-Wallis non parametric analysis of variance test.

RESULTS

We evaluated mastectomy specimens from patients with IBC (N=45), lumpectomy or 

mastectomy specimens from patients with treated IDC (N=24) who received neoadjuvant 

chemotherapy (+/− adjuvant chemotherapy), and untreated IDC (N=27). Patient tissues from 

all groups were stained for pS6, pJAK2, pSTAT3, CD68, CD163 and IL-6. ER and HER2 

status and treatment history were collected for each group as descriptive data and are shown 

in Supplement 1. All of the patients who received chemotherapy were treated with an 

anthracycline and/or taxane based regimen (with the exception of one patient whose 

chemotherapy regimen is unknown). The majority of patients who were ER and HER2 
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positive received endocrine and anti-HER2 therapy, respectively. Patient age at diagnosis, 

overall survival (OS) and recurrence-free survival (RFS) by disease group are shown in 

Table 2. Younger age at diagnosis in IBC compared to IDC, either treated or untreated, is 

consistent with the bimodal pregnancy-associated and in part younger age at presentation for 

IBC than that seen for IDC. The high recurrence rate and poorer overall survival for IBC 

than treated or untreated IDC is also consistent and typifies IBC.

Biomarker analysis

Biomarker analysis for tumor tissue among disease types—Biomarker levels 

and/or expression in the IBC, treated IDC and untreated IDC tumor specimens are 

summarized in Table 3A. There are statistically significant differences in levels of pS6, 

pJAK2, STAT3, IL6, CD68 and CD163 among the three disease types (p<0.0174 for all 

markers). Table 3B provides the p-values for all pairwise comparisons. While pS6 

expression levels were similar between IBC (88.4%, 2+ or 3+) and treated IDC (91.3%, 2+ 

or 3+), untreated IDC had lower pS6 levels than the IBC and treated IDC patients (37.0%, 

2+; 63.0%, 0 or 1+) (p<0.0001). The same pattern is also observed in levels of pJAK2 and 

pSTAT3. For pJAK2, while levels were similar between IBC (95.2%, 1+ or 2+) and treated 

IDC (91.7%, 1+ or 2+; 4.2%, 3+), untreated IDC had lower levels (80.0%, 0; 20.0%, 1+) 

(p<0.0001). For pSTAT3, 55.0% of IBC tumors had 1+ or 2+ level with 45% of tumors 

having 0 level. In treated IDC, 62.5% had 1+ or 2+ expression with 37.5% of tumors having 

0 level. This is in contrast to untreated IDC where 92.3% of tumors had 0 level (p=0.0001). 

IL-6 expression was highest in the IBC (95.2%, 1+ or 2+) and treated IDC (87.5%, 1+ or 

2+) groups and lowest in the untreated IDC group (15.4%, 0; 84.6%, 1+) (p=0.0174). In 

contrast, untreated IDC tumors had the highest CD68 level (median 80, range: 30–105) 

followed by treated IDC (median 57.5, range: 10–100) and then IBC (median 40, range: 4–

100) (p<0.001). For CD163 level, both treated IDC and untreated IDC tumors had a mean 

level of 40 (range: 18–75 and range: 6–90, respectively). IBC cases had lower CD163 level 

with a median of 28 (range: 3–80).

Biomarker analysis for the surrounding non-tumor tissue between disease 
types—Biomarker expression levels in the IBC, treated IDC and untreated IDC 

surrounding non-tumor specimens are summarized in Table 4A. There are statistically 

significant differences in expression levels of pS6, pJAK2, pSTAT3 and IL6 in the 

surrounding non-tumor tissue among the three disease types. Pairwise comparisons for all 

analyses are summarized in Table 4B. Of note, there were no statistically significant 

differences in biomarker scores within groups as a result of institutional source of 

specimens.

pS6 levels were highest in untreated IDC (92.6%, 2+) in contrast to treated IDC (Table 4A) 

where the majority (82.6%) had 1+ levels, and in IBC (21.9%, 0; 68.8%, 1+; 9.4%, 3+) 

(p<0.0001). pJAK2 levels were higher in both treated IDC and untreated IDC. Sixty-one 

percent of IBC surrounding non-tumor tissue lacked any pJAK2 level and 30.3% were 1+. 

In contrast, 95.8% of treated IDC were 1+ or 2+ (p<0.0001). For untreated IDC, 52.6% 

lacked any detectable level and 47.4% were 1+. pSTAT3 was highest in untreated IDC, 

followed by treated IDC and then IBC. There was no pSTAT3 expression in 66.7% of IBC 
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surrounding non-tumor tissue, with the remaining 33.3% being 1+ or 2+. For treated IDC, 

54.6% had 1+ or 2+ expression and 45.4% lacked any detectable level. For untreated IDC, 

the majority (85.7%) were 1+ (p<0.0001).

IL6 expression was highest in the untreated IDC group. Ninety-four percent and 91.7% of 

IBC and treated IDC non-tumor tissue had 0 or 1+ levels, respectively, while 93.8% of IDC 

non-tumor tissue showed 1+ levels.

Monocyte/macrophage and TAMs levels in the surrounding non-tumor tissue did not differ 

among the three groups for CD68 (p=0.0739) and for CD163 (p=0.1487). Median CD68 

expression was 15, 15, and 20 for IBC, treated IDC and untreated IDC, respectively. Median 

CD163 expression was 12, 15.5 and 15 for IBC, treated IDC and untreated IDC, 

respectively.

Biomarker analysis of tumor versus surrounding tissue among disease types
—The direction of the differences between tumor and matched surrounding non-tumor 

tissue are shown in Table 5 by disease type. There were differences across disease types in 

the tumor versus matched surrounding non-tumor tissue score for pS6, pJAK2, pSTAT3, 

IL6 and CD163. The majority of IBC cases demonstrated higher biomarker levels in the 

tumor compared to the surrounding non-tumor tissue for pS6 (81.3%), pJAK2 (63.6%) and 

IL6 (53.1%). Only 33.3% of IBC cases had higher pSTAT3 levels in the tumor, whereas, 

46.7% had equal levels and 20% had less in the tumor compared to surrounding tissue.

Higher levels of the biomarker in treated IDC patients in the tumor compared to the 

surrounding non-tumor tissue was only seen for pS6 (73.9%). For pJAK2 and IL-6, 54.2% 

and 62.5% of cases demonstrated equal levels, respectively. For pSTAT3, 72.7% of cases 

had higher levels in surrounding non-tumor tissue compared to the tumor itself. In the 

untreated IDC group, there was actually higher levels in surrounding non-tumor tissue 

compared to the tumor tissue for pS6 (55.6%) and pSTAT3 (71.4%). The majority of cases 

for pJAK2 and IL6 had equal levels (61.1% and 93.8%, respectively).

For TAMs, there was higher invasion in the tumor among all disease types (Figures 2A–2B). 

Untreated IDC had the largest difference in CD68 levels between tumors and the 

surrounding tissue (median 60) followed by treated IDC (median 32.5) and IBC (median 

24). For CD163, there was a similar difference in levels between tumor and surrounding 

tissue for treated and untreated IDC (median 25) followed by IBC (median 15).

DISCUSSION

This is the first retrospective study designed to evaluate activation of the PI3K/mTOR and 

JAK/STAT pathways, infiltration of monocytes, macrophages and TAMs, and 

representative inflammatory cytokines in IBC compared to treated and untreated IDC. We 

show that the PI3K/mTOR and JAK/STAT pathways are strongly activated in IBC patient 

tumor tissues, along with strong expression of the pro-invasive cytokine IL-6, and 

infiltrating TAMs. In IBC, there was a much lower level of activation or infiltration in 

surrounding non-tumor stromal tissues compared to tumor tissues. Notably, STAT3 mRNA 

has previously been shown to be increased in IBC in a transcriptomic study using datasets 
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from the World IBC Consortium37. We also evaluated these biomarkers in treated and 

untreated IDC specimens for activating phosphorylation. While we found mTOR and JAK2/

STAT3 activation in the untreated IDC tumors, it was at lower levels of activation (surrogate 

phosphorylation) than in the IBC and treated IDC specimens.

With the exception of TAMs, there was no statistical difference in biomarkers between 

treated IDC tumor tissue compared to IBC tumor tissue. Additionally, in some cases, 

biomarker levels in surrounding non-tumor tissue showed a significant level of activation 

similar to that of adjacent tumor tissue. Biomarker levels in the surrounding non-tumor 

tissue were for the most part highest in untreated IDC, with the exception of TAMs.

The findings above led us to ask two broad questions: (1) Does strong activation of mTOR 

and JAK2/STAT3 pathways, despite neoadjuvant chemotherapy, suggest a mechanism of 

resistance; and (2) Why is the surrounding “non-tumor” tissue activated in these pathways, 

and is this adjacent tissue truly ‘benign?’ Activation of mTOR and JAK2/STAT3 were 

similar between IBC and treated IDC tumor tissues based on pS6, pJAK2, pSTAT3 and IL6 

expression, whereas it was much lower in the untreated IDC cohort, suggesting a potential 

mechanism of resistance. While this is likely the case, we do not have serial pre-and post-

therapy biopsies for each patient to confirm these findings. In support of the mechanism that 

elevated activation of mTOR and JAK2/STAT3 is evidence for selected chemoresistance, 

JAK2 amplifications have been found in 10% of triple negative breast cancers (TNBC) in 

patients treated with neoadjuvant chemotherapy, commensurate with increased IL-6 

expression and metastatic progression. Data from the Cancer Genome Atlas (TCGA) 

demonstrated that JAK2 gains and amplifications are more frequent in TNBC patients 

treated with neoadjuvant chemotherapy when compared to primary untreated basal-like 

breast cancers and further increase upon metastatic progression. In the TCGA, JAK2 

amplifications are associated with pSTAT3 activation38. Additionally, doxorubicin has been 

shown to potentiate STAT1 activation in breast cancer cells39, 40 and docetaxel-resistant 

tumors upregulate several genes, including PI3K/AKT/mTOR pathway39, 41, 42. The 

majority of patients in our IBC and treated IDC cohorts received anthracycline and taxane-

based chemotherapy, consistent with these results.

There is a growing body of evidence suggesting that the surrounding non-tumor tissue which 

appears morphologically normal is not truly benign as it demonstrates activation of 

prooncogenic signaling pathways43–47. While the stroma normally functions as the main 

barrier against tumorigenesis, tumor and immune cells can convert it to a tumor-promoting 

environment48. Tumor-associated normal epithelial stromal cells, immune cells, and 

vascular cells promote tumor growth and disease progression, and also play a role in drug 

resistance49. In this regard, we observed significantly increased activation of mTOR, JAK2, 

and STAT3 in the surrounding non-tumor tissue, which was highest in untreated IDC 

compared to treated IDC and IBC. STAT3 activation has previously been demonstrated in 

the cytoplasm of the non-tumor areas of breast cancer specimens50, 51. Our findings 

highlight the clear interplay between tumor and the surrounding tumor milieu. Additionally, 

this data demonstrates that future efforts to target these biomarkers may prove less toxic in 

IBC, where we would expect less effect on the so called ‘normal’ tissue.
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We also sought to evaluate the role of TAMs in tumor pathogenesis. We found that there 

were more TAMs in the untreated IDC cohort compared to the IBC and treated IDC cohorts. 

This phenomenon has been previously described and several studies have investigated the 

effects of cytotoxic chemotherapy in subverting the pro-tumorigenic activities of 

macrophages32. Cyclophosphamide has been shown to promote the skewing of TAMs into 

M1 macrophages32. Neoadjuvant treatment can increase macrophage and other immune cell 

death, perhaps accounting for the decreased presence of TAMs after neoadjuvant 

chemotherapy that we observed.

We investigated the interplay between the mTOR and JAK2/STAT3 pathways in IBC. 

Preclinical data supports dual targeting of the PI3K/mTOR and JAK/STAT pathways in 

TNBC35. In our IBC cohort, of 37 IBC patients with complete biomarker data available, 

100% were pS6 positive and 95% were JAK2 positive. The co-expression of both 

biomarkers in IBC patient tissues certainly supports a cross-activating link, which may have 

important therapeutic implications, as trials of JAK2 inhibitors and PI3K/mTOR inhibitors 

are ongoing in clinical practice for treatment of breast cancer33, 52.

We acknowledge the limitations of this study. This is a retrospective analysis with a small 

sample size of a disease (IBC) with a rare incidence. Patients were treated at multiple 

different hospitals, and while they generally received similar treatments, we could not 

control the choice, length or duration of treatment due to variable clinical practices, which 

have evolved in the last decade. For instance, HER2-positive patients who were diagnosed 

prior to 2006 did not receive adjuvant trastuzumab, which is now the standard of care. The 

study was not powered to test for any correlations between ER/HER2 status and biomarker 

expression. There may have been intratumoral heterogeneity present and sampling of non-

tumor areas can be quite complex. For example, there is evidence for greater TAM 

infiltration further from the tumor and there may be differences in the way that the 

macrophages activate the stroma. In conclusion, we show that there is increased activation 

of mTOR and JAK2/STAT3 pathways and increased levels of IL-6 in IBC and treated IDC 

when compared to untreated IDC. These findings suggest that a potential mechanism of 

resistance may be selected following neoadjuvant chemotherapy. These data also support the 

view that morphologically normal surrounding non-tumor tissue can be significantly 

activated in pro-transforming pathways. Our findings warrant further prospective 

investigation to explore combinatorial strategies of targeted therapies in IDC and IBC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CLINICAL PRACTICE POINTS

• Inflammatory breast cancer (IBC) is a rare and aggressive form of breast cancer 

that carries a poor prognosis.

• Preclinical data has demonstrated activation of the PI3K/mTOR and JAK/STAT 

pathways in IBC, along with expression of inflammatory cytokines and tumor 

associated macrophages (TAMs).

• This retrospective study analyzed pS6 (mTOR), pJAK2 (JAK2), pSTAT3 

(STAT3), IL-6 (cytokine), CD68 (monocytes, macrophages) and CD163 

(TAMs) biomarker expression in archival tumor tissue from IBC, invasive 

ductal carcinoma (IDC) treated with neoadjuvant chemotherapy and untreated 

IDC as well as from surrounding non-tumor tissue.

• Of the 37 IBC patients with complete biomarker data available, 100% were pS6 

positive and 95% were pJAK2 positive. With the exception of macrophages, 

biomarker expression was generally highest in IBC and treated IDC, suggesting 

a potential mechanism of resistance after neoadjuvant chemotherapy.

• Biomarker activation was also demonstrated in the surrounding non-tumor 

tissue, suggesting that the stroma may resemble the tumor oncogenic 

environment.

• Our data along with the published preclinical data supports a role for 

prospective studies investigating combinations of targeted agents in this patient 

population.
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Figure 1. 
Representative immunohistochemical stains (positive and negative) for each biomarker.
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Figure 2. 
A. CD68 Expression between Tumor and Surrounding Non-Tumor Tissue

B. CD163 Expression between Tumor and Surrounding Non-Tumor Tissue
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Table 1

A. Sources by Disease Type

IBC Treated IDC Untreated IDC

Institution George Washington (GW) University School of Public 
Health and Health Services (Voluntary IBC registry) 
and New York University (NYU) Langone Medical 
Center

NYU Langone Medical 
Center

Yale University School of 
Medicine

Number of samples (N) 45 (35 from GW; 10 from NYU) 24 27

Diagnosis Dates 1999–2013 (1999–2009: GW; 2002–2013: NYU) 2004–2011 2001–2005

B. Antibodies and Scoring Methods

Antibody Origin/Reference Scoring Ordinal or Continuous
Variable

Negative Positive

pS6 Cell Signaling/4857 0 1+, 2+, 3+ Ordinal

pJAK2 Abcam/ab32101 0 1+, 2+, 3+ Ordinal

pSTAT3 Cell Signaling/4113 0 1+, 2+ Ordinal

IL-6 R&D/MAB2061 0 1+, 2+ Ordinal

CD68 Dako/M0876 Scored as 0–150 cells/HPF Continuous

CD163 NCL-CD163 Scored as 0–99 cells/HPF Continuous

/HPF: per high power field 63× objective
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Table 2

Patient Age, RFS, and OS by Disease Type

Clinical Variables IBC Treated IDC Untreated IDC

Number of patients (N) 45 24 27

Median age in years at diagnosis 
(range)

47.3 (31.8–73.8) 51.5 (33.1–72.4) 58.6 (39.0–94.1)

Median RFS (months) 31.2 months (95% CI 22.0–68.9 
months)

78.2 months (95% CI 42.0 
months-not yet reached)

87.0 months (95% CI 34.5 
months-not yet reached)

Median OS (months) 85.5 months (95% CI 55.1 
months-not yet reached) (median 
f/u time 74.7 months)

Not yet reached (median f/u 
time 46.4 months)

Not yet reached (median f/u 
time 95.4 months)

Number of Recurrences* 27/45 7/24 11/27

Number of Deaths 21/45 3/24 9/27

*
Number of recurrences includes new cancer diagnosis. RFS, relapse-free survival; OS, overall survival; CI, confidence interval; f/u, follow up
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