
ORIGINAL ARTICLE

Clinical significance of CD73 in triple-negative breast
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Background: CD73 is an ecto-enzyme that promotes tumor immune escape through the production of immunosuppressive
extracellular adenosine in the tumor microenvironment. Several CD73 inhibitors and adenosine receptor antagonists are being
evaluated in phase I clinical trials.

Patients and methods: Full-face sections from formalin-fixed paraffin-embedded primary breast tumors from 122 samples of
triple-negative breast cancer (TNBC) from the BIG 02-98 adjuvant phase III clinical trial were included in our analysis. Using
multiplex immunofluorescence and image analysis, we assessed CD73 protein expression on tumor cells, tumor-infiltrating
leukocytes and stromal cells. We investigated the associations between CD73 protein expression with disease-free survival
(DFS), overall survival (OS) and the extent of tumor immune infiltration.

Results: Our results demonstrated that high levels of CD73 expression on epithelial tumor cells were significantly associated
with reduced DFS, OS and negatively correlated with tumor immune infiltration (Spearman’s R¼�0.50, P< 0.0001). Patients
with high levels of CD73 and low levels of tumor-infiltrating leukocytes had the worse clinical outcome.

Conclusions: Taken together, our study provides further support that CD73 expression is associated with a poor prognosis and
reduced anti-tumor immunity in human TNBC and that targeting CD73 could be a promising strategy to reprogram the tumor
microenvironment in this BC subtype.
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Introduction

In breast cancer (BC), the extent of lymphocytic infiltration has

been associated with a more favorable clinical outcome in numer-

ous studies, particularly in the triple-negative and HER2-positive

subtypes [1]. Triple-negative BCs (TNBC) constitute 10%–20% of

all BC and are characterized by the lack of hormone receptor and

HER2/neu expression [2]. TNBC are also generally more aggressive

with poor clinical outcomes and limited treatment options [3].

Due to a higher mutational burden, TNBC appear more immuno-

genic than other BC subtypes [4]. Yet, in metastatic TNBC, early

phase clinical trials have shown modest clinical activity of immune

checkpoint inhibitors targeting PD-1 or PD-L1 highlighting the

need for new immunotherapeutic approaches [1].

The ecto-nucleotidase CD73 and downstream adenosine

receptors are now emerging as attractive therapeutic targets to

promote antitumor immune responses [5, 6]. CD73 is expressed

on the surface of tumor cells, stromal cells and immune cells [7]

where it catalyzes the hydrolysis of AMP into adenosine.

Extracellular adenosine is an immunosuppressive metabolite that

protects tissues against excessive inflammation [8]. In the tumor

microenvironment, adenosine suppresses antitumor immunity,

essentially through A2a [9] and A2b [10] adenosine receptors.
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Independent from its immunosuppressive function, CD73-

derived adenosine also promotes tumor cell metastasis and

tumor angiogenesis [11].

High levels of CD73 are generally associated with worse clinical

outcomes in cancer patients [12]. In BC, however, the prognostic

significance of CD73 still remains controversial [13]. In a meta-

analysis of over 6000 BC (all subtypes), we recently demonstrated

that high levels of CD73 mRNA (microarray data) were signifi-

cantly associated with worse overall survival (OS) and increased

anthracycline resistance in the TNBC subtype alone [14].

Anti-CD73 monoclonal antibodies and A2a antagonists are

now entering clinical trials, making it imperative to identify

patient populations where the CD73-adenosine pathway contrib-

utes to clinical outcome. In this study, we investigated the clinical

impact of CD73 protein expression in a large cohort of TNBC

from the Breast International Group (BIG) 02-98 adjuvant pro-

spective phase III clinical trial that compared the addition of

docetaxel with doxorubicin with doxorubicin-based chemother-

apy in node-positive primary BC [15]. Our study demonstrates

the prognostic value of CD73 protein expression in TNBC and

supports the clinical evaluation of CD73 and/or use of A2a inhib-

itors in this patient population.

Materials and methods

Clinical specimens

Primary tumor samples from 122 patients with TNBC included in the

BIG 02-98 adjuvant phase III trial were selected for this retrospective

analysis (38.2% of all TNBC patients). Additional information on the

BIG 02-98 trial is provided in supplementary Materials, available at

Annals of Oncology online. The remainder formalin-fixed paraffin-

embedded (FFPE) tumor blocks were not retrieved or did not contain

enough residual invasive carcinoma after evaluation of a hematoxylin–

eosin (H&E)-stained tissue section (supplementary Figure S1, available

at Annals of Oncology online). TNBC subtype was defined as estrogen

receptor (ER)-negative, progesterone (PR)-negative and HER2-negative

based on central immunohistochemistry review that determined ER, PR

and HER2 status.

Clinico-pathologic characteristics of the 122 patients included in the

analysis are listed in supplementary Table S1, available at Annals of

Oncology online. All samples were collected at baseline from the surgical

specimen. Patients had consented for ulterior use of their tumor for

research purpose. There were no differences in clinicopathologic charac-

teristics (supplementary Table S1, available at Annals of Oncology online)

nor any survival differences between tumors included in our study and

non-analyzed TNBC tumors.

Multiplexed immunofluorescence staining

CD73 protein expression was revealed with an anti-CD73 mouse mono-

clonal antibody. Tissues were stained simultaneously with an anti-CK8-

18 rabbit monoclonal antibody and an anti-CK5 rabbit polyclonal anti-

body to reveal the epithelial compartment and an anti-CD45 to reveal

immune cells. Slides were stained in two batches to reduce experimental

variability and no difference was observed for CD73 expression between

the two batch stainings. Briefly, FFPE whole tissue sections were deparaf-

finized, rehydrated and demasked using a citrate buffer (target retrieval

solution; Dako, S1699). Tissues were then blocked with a protein block

(Dako, X0909) for 30 min before an overnight incubation at 4 �C with

primary antibodies. Secondary antibodies were incubated for 2 h at room

temperature. A donkey anti-rabbit IgG AlexaFluor 488 conjugate was

used against the anti-cytokeratin. A goat anti-mouse IgG1 AlexaFluor

594 conjugate was used to reveal CD73 and a goat anti-mouse IgG2a

AlexaFluor647 conjugate to reveal CD45. All antibodies are listed in sup

plementary Table S2, available at Annals of Oncology online. Coverslips

were mounted on to slides using ProLongGold antifade with DAPI

(Thermo Fisher Scientific, P36935) and allowed to dry overnight at 4 �C.

Digital image analysis

Slide images of entire tumor sections were captured at once (in one scene,

composed of multiple tiled images) with an Axioscan slide scanner sys-

tem (Axio Scan.Z1, Carl Zeiss Microscopy) using a 20�/0.75NA objec-

tive. All images were captured using the same exposure time, laser power

and wavelengths, filter sets, and bit depth. Images were analyzed with

Visiomorph DP image analysis software (VIS, Visiopharm). Areas of

interest [one to nine areas (median of four per tumor) of 0.2–69 mm2;

mean: 6 mm2, median: 4.4 mm2] were determined on each tumor sec-

tion. Normal breast tissue and ductal carcinoma in situ were excluded of

the analysis. All images were visually reviewed to remove staining artifacts

and damaged tissue areas. The DAPI signal was used to detect the tissue

included in the analysis. Algorithms based on cytokeratin and CD45 posi-

tivity determined an epithelial and an immune compartment, respec-

tively. CD45þ tumor-immune infiltration was defined as the CD45þ area

relative to the tumor tissue area. To allow a proper comparison across all

samples, CD73 expression was quantitatively assessed on a continuous

scale as the mean fluorescence intensity (MFI) within each of the three

compartments (epithelium, stroma and leukocytes) of each tumor sec-

tion, relative to the MFI of the whole tumor tissue. The weighted average

from all areas of interest for each of the 122 tumors was used to assess

CD73 expression in each of the 3 compartments.

Statistical analyses

Two end points were analyzed for survival analyses; disease-free survival

(DFS) and OS that are defined in supplementary Methods, available at

Annals of Oncology online. As there was no significant difference in DFS

and OS between anthracycline-only and anthracycline–taxane arms, all

treatment arms were pooled for survival analyses [15]. Patients who were

alive (for OS) and disease-free (for DFS) were censored at their date of last

contact. The associations between CD73 expression (as a continuous varia-

ble, per 0.1-unit increment) and CD45þ immune infiltration (as a continu-

ous variable per 10% increment) and prognosis (DFS and OS) were

evaluated using Cox regression analyses and likelihood ratio tests in Cox

regression models. The added prognostic value of a variable was evaluated

using the likelihood ratio statistic test. The SAS macro %findcut was used

to determine the optimal cut-off point of the continuous variables CD73

expression and CD45 immune infiltration for DFS [16]. The log-rank test

was used to compare groups in terms of DFS or OS. To test the interaction

between CD73 expression and treatments arms, the interaction P-value for

the interaction term in Cox’s proportional hazards model was calculated.

The two-tailed Spearman rank correlation, Mann–Whitney and Kruskal–

Wallis tests, Dunn’s multiple comparisons non-parametric tests and the v2

test were used when appropriate. Statistical analyses were carried out using

SAS software for Windows (version 9.4; SAS Institute, Cary, NC). A two-

sided P-value of<0.05 was considered significant. The Reporting

Recommendations for Tumor Marker Prognostic Studies (REMARK) cri-

teria were followed in this study [17].

Results

CD73 protein expression in TNBC

CD73 protein expression was evaluated on full-face tumor sections

using immunofluorescence. Consistent with previous studies [18],

CD73 was expressed by tumor cells, stromal cells and immune cells
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(Figure 1). CD73 expression was higher in the tumor epithelium

and immune cells compared with stromal cells (supplementary

Figure S2 and Table S3, available at Annals of Oncology online).

Higher epithelial and immune expressions were primarily

observed in lobular tumors (compared with ductal) and in patients

with massive lymph node involvement (more than 10 lymph

nodes). Higher epithelial expression of CD73 was also detected in

histological grade 2 compared with grade 3 tumors. We did not

find significant correlations between CD73 and age, menopausal

status or tumor size, and stromal CD73 expression was not corre-

lated with any of the characteristics evaluated (supplementary

Table S4, available at Annals of Oncology online).

CD73 expression and prognosis

The 10-year DFS and OS of our node-positive TNBC cohort were

62.3% and 68.9%, respectively. We found an association between

CD73 expression on epithelial tumor cells—as a continuous

variable—and prognosis (Table 1). Increased CD73 expression

was correlated with worse survival in both the univariate and

multivariate Cox regression models for DFS. The correlation was

close to significance for OS in the multivariate model (P¼ 0.08).

Ten-year DFS for CD73-Low TNBC (below median) was 75%

versus 49% for CD73-High TNBC (above median) (HR 2.38;

95% CI 1.29–4.42, P¼ 0.006) and 10-year OS was 82% for CD73-

Low versus 55.7% for CD73-High (HR 2.51; 95% CI 1.27–4.96,

P¼ 0.008) (Figure 2A and B). No clear associations between stro-

mal and immune CD73 expression with clinical outcome were

found. There was no statistical evidence for interactions between

CD73 expression and response to chemotherapy (anthracycline

arms or anthracycline–taxane arms) (supplementary Table S5,

available at Annals of Oncology online).

CD73 expression and tumor-infiltrating
immune cells

The extent of tumor-infiltrating leukocytes was determined by

measuring the CD45þ area relative to the total tumor tissue area.

A

B

C

Figure 1. CD73 expression in TNBC. Representative images of the immunofluorescence staining with DAPI (blue online), cytokeratins (white
online), CD73 (red online) and CD45 (green online) on TNBC tissues. Scans were imaged at 200� magnification using Zen lite software (Carl
Zeiss). (A) CD73 is expressed on tumor cells and in the peri-tumoral stroma. (B) CD73 is expressed on few CD45þ leukocytes and stromal cells.
(C) CD73 is expressed mainly on CD45þ leukocytes.
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Figure 2. Association of CD73 epithelial expression and tumor-infiltrating leukocytes with clinical outcome. Kaplan–Meier analyses of DFS
and OS of 122 patients with TNBC stratified according to CD73 epithelial expression (A and B), CD45þ tumor-infiltrating immune cells (C and
D) and to the combination of both markers (E and F). Log-rank tests were used to derive P-values for comparisons between groups.

Table 1. Associations between CD73 epithelial expression, CD451 immune infiltration with prognosis in univariate and multivariate analyses

Cox regression analyses DFS OS

N 5 122 Univariate Multivariate Univariate Multivariate

HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value

CD73 epithelial expression (per 0.1 ratio increment) 1.31 1.08–1.60 0.007 1.26 1.00–1.60 0.05 1.26 1.01–1.57 0.037 1.27 0.98–1.66 0.08
CD45þ immune infiltration (per 10% increment) 0.58 0.41–0.81 0.002 0.63 0.45–0.89 0.008 0.64 0.45–0.90 0.01 0.68 0.48–0.97 0.03

The multivariate model contains number of positive lymph nodes, tumor size and histological grade.
DFS, disease-free survival; OS, overall survival.
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As shown in our previous study [19], tumor immune infiltration

forms a continuum with a subset of extensively infiltrated tumors

(Figure 3A; supplementary Table S6, available at Annals of

Oncology online). Our measurement of the CD45þ infiltration

was correlated with intra-tumoral (Spearman’s R¼ 0.39,

P< 0.0001) and stromal (Spearman’s R¼ 0.46, P< 0.0001) TIL

previously scored by pathologists on H&E-stained sections from

the same tumors (Figure 3B and C). Consistent with the results of

Loi et al., the extent of immune infiltration assessed as the CD45þ

area in our analysis was associated with better DFS and OS (Table

1; supplementary Table S7, available at Annals of Oncology

online). In the multivariate analysis, adding CD45 to H&E TIL

scores appeared to improve the prognostic model, but not the

reverse (supplementary Table S8, available at Annals of Oncology

online). Kaplan–Meier curves for high and low CD45þ areas are

shown in Figure 2B and D (for DFS: HR 0.36; 95% CI 0.19–0.65,

P¼ 0.001; and for OS: HR 0.39; 95% CI 0.20–0.76, P¼ 0.006).

Assessment of the association between CD73 expression and

CD45þ area revealed a significant negative correlation between

epithelial CD73 expression and immune infiltration (Figure 3D).

There was no correlation between immune infiltration and CD73

stromal expression (Figure 3E). Interestingly, CD73 expression

on leukocytes was also found to negatively correlate with immune

infiltration (Figure 3F).

Low CD73 and high immune infiltrates characterize
good outcome in TNBC

We finally investigated whether the combination of CD73 epithe-

lial expression and CD45þ leukocytes identified subgroups of

patients with a distinct prognosis. Our analysis indicates that

CD73 mitigated the favorable prognosis associated with the

presence CD45þ leukocytes and patients with low CD73 epithe-

lial expression and high CD45þ immune infiltration (36% of

tumors; Figure 2D and E) had the best outcome with a 10-year

DFS of 82% and a 10-year OS of 86.5%. In contrast, patients with

high CD73 expression and low CD45þ immune infiltration (35%

of tumors) had the worst outcome with a 10-year DFS of 41.5%

and a 10-year OS of 51.2% (for DFS: HR 4.17, 95% CI 1.87–9.3,

P< 0.001; for OS: HR 4.38 95% CI 1.75–10.93, P¼ 0.0015). In

the multivariate analysis, the addition of CD45þ immune infiltra-

tion to CD73 add further prognostic information, but adding

CD73 to CD45þ did not (supplementary Tables S8 and S9, avail-

able at Annals of Oncology online).

Discussion

This study describes an extensive analysis of CD73 protein

expression in 122 patients with early-stage TNBC from the BIG

02-98 phase III clinical trial. Specimens from patients associated

with long-term follow-up data from clinical trials, such as those

evaluated here, are ideal for measuring the prognostic value of a

given biomarker [20]. Survival outcomes of our series of TNBC

patients were in the range of previously reported TNBC survival

data [3]. Our study found that high levels of CD73 expression in

breast epithelial tumor cells are significantly associated with poor

DFS and OS in TNBC. These results support our previous find-

ings based on gene-expression data [14]. Furthermore, we show

that the extent of immune infiltration in TNBC, measured as the

CD45þ area, is negatively correlated with CD73 expression on

tumor cells. Our findings are, therefore, consistent with a role for

CD73 and downstream adenosine-signaling in TNBC immune

suppression [7].
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Figure 3. CD45þ tumor-immune infiltration. Distribution of CD45þ tumor-infiltrating leukocytes area relative to the tumor area, determined
by immunofluorescence and image analysis (A). Correlations between CD45þ tumor-infiltrating leukocytes with intra-tumoral (B) and stromal
(C) tumor-infiltrating lymphocytes (TIL) assessed by pathologists on hematoxylin and eosin (H&E)-stained sections. Correlations between
CD45þ tumor-immune infiltration and CD73 expression in the epithelium (D), stroma (E) and on leukocytes (F).
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The TNBCs evaluated in this study were previously shown to

support a prognostic value for lymphocytic infiltration after scor-

ing TIL on H&E sections [21]. Our evaluation of immune infil-

tration using automated quantification of total CD45þ area,

confirmed the good prognosis conferred by immune infiltration

in TNBC and appeared to be more robust in predicting DFS and

OS than H&E TIL scores evaluated by pathologists. Furthermore,

even if CD73 expression and CD45þ infiltration were negatively

correlated, the combination of the two markers, allowed us to ret-

rospectively differentiate patients with either an excellent prog-

nosis (high immune infiltration and low CD73 expression) or a

poor prognosis (low immune infiltration and high CD73

expression).

Our results are particularly interesting in this era of immuno-

therapy as data accumulates showing that an increased presence

of lymphocytes at the tumor site is linked with the clinical efficacy

of immune checkpoint blockade [22]. Accordingly, patients with

low tumor immune infiltration are generally more resistant to

immune checkpoint blockade but quantification of TIL alone is

not sufficient to clearly distinguish responders from non-

responders. Tumor CD73 expression levels might additionally

(or alternatively) identify patients most likely to derive benefit

from CD73- or adenosine-targeting agents or a synergistic immu-

notherapeutic combination with an immune checkpoint inhibi-

tor. For instance, our data suggest that patients with high levels of

TIL and high levels of CD73 epithelial expression may most likely

to benefit from a combination of a checkpoint inhibitor with a

CD73- or adenosine-targeting agents to decrease immunosup-

pression of the pre-existing immune response. Conversely,

patients with low or no detectable TIL and high CD73 expression

may most likely benefit from these CD73- or adenosine receptors

inhibitors in combination with drugs able to increase tumor

immune infiltration as vaccines or adoptive cell transfer.

Interrogating multiple immune biomarkers as those investigated

in this study might help to stratify patients and guide for the best

combination strategy.

Several inhibitors targeting CD73 or adenosine A2a receptor

are currently being evaluated in phase I clinical trials, including

in TNBC. Interim clinical safety data revealed that targeting

adenosine A2a receptor is well tolerated and can increase fre-

quencies of activated immune cells and tumor immune cell infil-

tration (AACR 2017, Abstract #5593). In TNBC, 7 out of the 17

(41%) assessable patients treated with an A2a antagonist alone

(i.e. CPI-444; Corvus Pharmaceuticals) experienced disease con-

trol at interim reporting. Since pre-clinical studies demonstrated

that combining adenosine-targeting agents with a PD-1, PD-L1

or CTLA-4 inhibitor significantly improves therapeutic responses

[23, 24], on-going phase I trials are also evaluating combining

adenosine-targeting agents with a PD-1 or PD-L1 inhibitor.

In this study, we used multiplex immunofluorescence to label

multiple markers in tumor tissues to specifically identify epithe-

lial tumor cells and leukocytes. Image analysis is a useful tool for

quantitatively and objectively measuring meaningful information

from a digital image [25]. This approach allowed us to evaluate

CD73 expression in distinct compartments of the tumor micro-

environment as continuous variables. The stroma was defined as

the cytokeratin-negative plus CD45� compartment in this study.

Because the evaluation of stromal CD73 was less precise than the

measurements for tumor or immune cells, we cannot exclude the

possibility that CD73 expression on stromal cell subsets are also

associated with prognosis.

Overall, our data validate important correlations in TNBC

between CD73 expression and worst outcome and increased

immune infiltration with a better prognosis. These associations

provide a strong rationale for the development of immune thera-

peutic strategies and specifically for targeting immunomodula-

tion through CD73 in TNBC patients [26]. Monoclonal

antibodies directed against CD73 and adenosine receptors could

help to reprograming the tumor microenvironment, particularly

as a synergistic immunotherapeutic combination with immune

checkpoint blockade.
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