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ABSTRACT

Introduction: Although targeting human epidermal growth factor receptor 2 (HER2) is a 

meaningful treatment in HER2-positive breast cancer, ultimately resistance develops. Androgen 

receptor (AR) expression and immune cell infiltration are thought to be involved in trastuzumab 

response, and may therefore be of interest as additional targets for therapy in HER2-positive breast 

cancer. 

Aim: To improve insight in the presence of between AR expression, immune cell infiltration and 

HER2, we analysed HER2-positive breast tumours. 

Methods: Primary tumours of 221 patients treated with trastuzumab for metastatic disease 

were selected. HER2 status was centrally confirmed. AR, T cells (CD3 and CD8), programmed cell 

death protein 1 (PD-1) and PD-1 ligand 1 (PD-L1) immunohistochemical staining and M2 tumour 

associated macrophages (TAMs; CD68 and CD163) immunofluorescence were performed. Tumour 

infiltrating lymphocytes (TILs) were evaluated by hematoxylin and eosin staining. 

Results: Sufficient tumour material was available for 150 patients. Oestrogen receptor was 

expressed in 51.3% of the tumours and AR in 81.3% of the tumours. AR expression was inversely 

correlated with M2 TAM (Pearson’s r = -0.361, P < 0.001), CD3+ (r = -0.199, P < 0.030) and CD8+ (r = 

-0.212, P < 0.021) T cell infiltration. Clustering analysis showed high immune cell infiltration in AR 

low expressing tumours, and low immune cell infiltration in AR high expressing tumours. 

Conclusion: AR expression inversely correlates with immune cell infiltration in HER2-positive 

breast cancer. 
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INTRODUCTION 

Human epidermal growth factor receptor 2 (HER2) positive breast cancer accounts for 15 - 20% 

of all invasive breast cancers.[1] Trastuzumab-based anti-HER2 therapy added to chemotherapy 

improves overall survival (OS) of patients with HER2-positive breast cancer.[2, 3] In the metastatic 

setting however, eventually resistance to trastuzumab regimens develops. Treatment strategies 

to counteract this, namely trastuzumab plus pertuzumab, lapatinib or antibody-drug conjugate 

T-DM1, have improved patients’ survival.[4-6] However, eventually resistance to these approaches 

will develop.[4, 6] Therefore, new targets for rational (combination) therapies are needed. 

Potentially, androgen receptor (AR)[7, 8] and immune cell composition[9-11] are of relevance in 

this setting. 

AR is a steroid receptor with important functions in cell differentiation and proliferation. In 

the presence of androgens, the ligand-bound AR binds to hormone response elements. This 

results in up- or down regulation of specific protein expression.[12] In patients with oestrogen 

receptor (ER)-negative/HER2-positive non-metastatic breast cancer, AR tumour expression has 

been associated with a trend for worse prognosis.[13] In preclinical models, targeting both HER2 

and AR demonstrated a synergistic antitumour effect.[7, 8] This is supported by preliminary results 

of an ongoing trial combining the AR signalling inhibitor enzalutamide and trastuzumab in breast 

cancer patients with HER2-positive/AR-positive tumours (NCT02091960). There was a 24-week 

clinical benefit observed in 6 of the 18 patients receiving more than four prior lines of therapy.[14]

The immune cell composition of the breast cancer environment has been related to prognosis 

of patients, depending on the tumour molecular subtype.[15, 16] Moreover, preclinical and clinical 

evidence suggest that immune cell compositions is able to predict response of in HER2-targeted 

treatment.[9-11] Presence of CD8+ T cells in tumours predicted a better response to HER2-targeted 

treatment in preclinical mouse models.[10] However, an immunosuppressive microenvironment, 

such as presence of tumour associated macrophages (TAMs) or programmed cell death protein 

1 (PD-1) expressing immune cells, contributed to HER2-targeted treatment resistance in similar 

mouse models.[11, 17] These data provided the rationale for combining trastuzumab with the 

immune checkpoint inhibitor pembrolizumab in 46 patients with HER2-positive tumours, which 

resulted in a modest 15% objective response rate.[18] This indicates that patient selection for this 

combination therapy should be improved. Increased knowledge of immune microenvironment 

composition in HER2-positive breast cancer could possibly be of relevance in this respect. 

Therefore, to improve insight in the interaction of AR expression, immune cell infiltration and 

HER2, we analysed in primary HER2-positive breast tumours the AR expression and infiltration 

of M2 TAMs, CD3+ and CD8+ T cells, PD-1+, PD-1 ligand 1+ (PD-L1+) cells and tumour-infiltrating 

lymphocytes (TILs). These findings were related to OS. 
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MATERIAL AND METHODS

Study population and breast tumour samples
Tissue microarrays (TMAs) containing primary tumour material from a retrospectively collected 

cohort of 221 patients with HER2-positive metastatic breast cancer were used. Patients treated with 

trastuzumab and concurrent chemotherapy of physicians’ choice, for metastatic breast cancer were 

identified in the records of 19 hospital pharmacies in the Northern part of the Netherlands. Details 

of patient selection, patient- and treatment characteristics, follow-up and TMA construction have 

been described previously.[19, 20] Per tumour, three cores were incorporated in the TMA. Patient, 

treatment and tumour characteristics, including presence in the primary tumour of expression 

of oestrogen receptor (ER) and progesterone receptor (PR); with 10% of cells expressing ER or PR 

used as cut-off for positivity, were collected from the Netherlands Cancer Registry. HER2 status 

was centrally reviewed as described previously.[19] According to the Dutch Central Committee 

on Research involving Human Subject, this retrospective non-interventional study did not require 

approval from an ethical committee in the Netherlands. This study was approved by the Privacy 

Review Board of the Netherlands Cancer Registry.

AR, CD3, CD8, PD-1 and PD-L1 assessment by immunohistochemistry
AR, CD3, CD8, PD-1 and PD-L1 expression was assessed using freshly cut 4-μm TMA slides. 

Immunohistochemistry staining was performed in one batch per marker to prevent intensity 

differences. Positive (with primary antibodies) and negative controls (with immunoglobulin class-

matched control sera) were included on normal breast tissue for AR, tonsil for CD3, CD8 and PD-1, 

and placenta for PD-L1. 

For AR, CD3 and CD8 the staining was performed with a Ventana BenchMark Ultra 

immunostainer (Roche, Ventana Medical Systems, Inc.). The ULTRA CC1 (Roche) for 64 minutes was 

used for antigen retrieval. Primary antibody (anti-AR: clone SP107, Roche; anti-CD3: clone 2GV6, 

Roche; anti-CD8: clone SP57, Roche) was pre-diluted by the manufacturer and was performed 

following manufacturer’s protocols. Staining was visualized using the ultraView Universal 3,3 

0-diaminobenzidine (DAB) Detection Kit (Roche) following manufacturer’s protocols. Heat-

mediated antigen retrieval was executed with microwave in a Tris-HCl buffer (pH 9.0) for PD-1 and 

citrate buffer (10 mM citrate, pH 6.0) for PD-L1. Endogenous peroxidase was blocked with 0.3% H2
0

2
 

in phosphate buffered saline (PBS; pH 7.4). Aspecific binding was blocked with human AB-serum. 

Primary antibodies (anti-PD-1: clone MRQ-22, Acris; anti-PD-L1: clone SP142, Roche) were diluted in 

PBS supplemented with 1% bovine serum albumin. Envision Anti-mouse for PD-1 (DAKO) and anti-

rabbit for PD-L1 (DAKO) were used as secondary antibodies. Staining was visualized using DAB and 

haematoxylin counterstaining. 

The immunohistochemistry slides were digitized with a Philips Ultra Fast Scanner 1.6 (Philips, 

Eindhoven, The Netherlands). AR staining was reported as percentage of tumour cells with positive 

nuclear staining. From each observer, the average percentage of replicate cores was used as the 

score for each patient. The scores from two observers were averaged and used as the final score 

for each patient. In case of discrepancy (> 20% difference in score), the two observers discussed 
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the results to reach a consensus. A cut-off value of 10 % was used for AR positive expression.13 CD3 

and CD8 staining was reported as number of positive cells per mm2. PD-1 and PD-L1 expression 

was determined for both immune cells and tumour cells. If any of the cores had positive cellular 

staining, the sample was considered positive. 

M2 TAMs assessment by immunofluorescence
M2 TAMs (expression of both CD68 and CD163) were assessed by multi-colour immunofluorescent 

staining using freshly cut 4-μm TMA slides as described previously.[21] Briefly, antigen retrieval 

and endogenous peroxidase blockade were as above mentioned for PD-L1. Thereafter TMA slides 

were incubated overnight at 4°C with a mixture containing primary antibodies anti-CD68 (clone 

KP1, Novus Biologicals) and anti-CD163 (clone EPR6539, Abcam). CD68 signal was visualized using 

DyLight488-conjugated streptavidin (21832, Thermo Fisher Scientific), CD163 using Alex Fluor555-

conjugated goat anti-rabbit secondary antibody (ab150078, Abcam). A nuclear counterstain was 

performed with 4’6-diamidino-2-phenylindole (DAPI). Slides were mounted in Prolong Gold (Life 

Technologies) and stored in the dark at room temperature. Positive and negative controls with 

respectively primary antibodies and immunoglobulin class-matched control sera for the staining 

were included on gallbladder tissue.

The immunofluorescence slides were scanned using a TissueFAXS imaging system and 

visualized using TissueFAXS Viewer (TissueGnostics, Vienna, Austria). The CD68 and CD163 double-

stained cells were considered as M2 TAMs and reported as the number of cells per mm2. The 

average number of replicate cores was used as the final score for each tumour.

TILs assessment by haematoxylin and eosin staining
TILs were assessed in the whole tumour slides using the method standardised by the international 

TILs working group.[22] Results are presented as percentage TILs in the stromal tissue. Only patients 

who had 2 or more cores containing tumour and stromal cells were included for analysis. The 

investigators who performed the scoring were blinded for the clinicopathological characteristics.

Statistical analysis 
The continuous variables were described by median and interquartile range, and the categorical 

variables by percentages. The relation between the investigated markers and clinicopathological 

characteristics was assessed using Mann-Whitney U test for continuous variables and Chi-square or 

Fisher’s exact test for categorical variables. Spearman’s correlation coefficient or Chi-square test’s Phi 

coefficient served to assess the correlation between the investigated markers. We created heatmaps 

using the function “heatmap.2” in “gplots” package in R to have better insight into AR expression and 

immune cell composition of individual tumours. OS was determined with the Kaplan-Meier method. 

With a log-rank test the differences in survival between subgroups, generated by the clustering 

heatmap, were analysed. Hazard ratio (HR) and 95% confidence interval (CI) for comparison were 

derived from univariate Cox-regression analysis. For all tests, P-values less than 0.05 were considered 

statistically significant and all P-values were tested two-sided. Statistical analysis was performed 

using Statistical Package for the Social Sciences (SPSS) version 19.0 (SPSS. Inc.) and R version 3.4.1.
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RESULTS 

Patient characteristics
From 150 of the 221 identified patients, sufficient primary tumour material was available for 

analysis. The median age at diagnosis of breast cancer was 51 years (range: 25 - 90). ER expression 

was observed in 51.3% (77 of 150) of the primary tumours. Patient characteristics of these 150 

patients are shown in Table 1. Number of tumours available for assessment of each marker is 

shown in Supplementary Figure 1. 

Table 1 Patient characteristics

Characteristics Number (%)

Total number of patients 150

Age* (median, range) 51 (25 - 90)

Age* 

≤ 50 71 (47.3)

> 50 79 (52.7)

Tumour type

Ductal 133 (88.7)

Others 17 (11.3)

Clinical T stage

T1 48 (32.0)

T2-4 80 (53.3)

Unknown 22 (14.7)

Tumour ER expression

Positive 77 (51.3)

Negative 62 (41.3)

Unknown 11 (7.4)

Tumour PR expression

Positive 58 (38.7)

Negative 75 (50.0)

Unknown 17 (11.3)

Tumour histological grade

I-II 45 (30.0)

III 76 (50.7)

Unknown 29 (19.3)

Metastatic site

Visceral 89 (59.3)

Non-visceral 53 (35.3)

Unknown 8 (5.4)

Abbreviation: ER, oestrogen receptor; PR, progesterone receptor; * age at diagnosis of breast cancer.
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Expression of the studied markers in the primary tumour 
The percentage of AR expression and TILs, and numbers of infiltrating immune cells are shown 

in Figure 1. The median AR expression per tumour was 60% (interquartile range (IQR): 28 - 88). 

81.3% of patients (104 of 128) had an AR positive tumour. The median number of M2 TAMs, CD3+ 

and CD8+ T cells per tumour was 8 (IQR: 1 - 22), 85 (IQR: 0 - 311) and 35 (IQR: 0 - 149) cells/mm2, 

respectively. The median percentage of TILs per tumour was 10% (IQR: 5 - 16). PD-L1 was expressed 

by intratumoural immune cells in 28% of the tumours (36 of 129) but no PD-L1 expression on 

tumour cells was seen. Only one tumour expressed PD-1 in the immune cells. 

Fig. 1. Expression or infiltration of the studied markers in the human epidermal growth factor receptor 2 
(HER2) overexpressing primary breast tumours as assessed by immunohistochemistry or immunofluorescence 
staining. AR is presented as percentage of cells with positive staining, TILs as percentage stromal TILs in 
the stromal tissue. M2 TAMs, CD3 and CD8 are presented as number of cells per mm2. Orange line indicates 
the median and interquartile range. Abbreviation: AR, androgen receptor; TAMs, M2 tumour-associated 
macrophages; TILs, tumour-infiltrating lymphocytes. 

Relation between clinicopathological characteristics and studied markers
The relation between clinicopathological characteristics and studied markers is shown in Table 

2 and Supplementary Table 1. AR positivity was associated with ER positivity, and high M2 TAM 

infiltration with ER negativity. High CD3+ and CD8+ T cell infiltration were associated with lower 

clinical T stage at diagnosis of breast cancer. The TIL score did not differ among clinicopathological 

parameters. 
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Table 2  Androgen receptor expression and M2 tumour-associated macrophages infiltration in the primary 
tumour, in relation to clinicopathological characteristics

Characteristics 

AR TAMs 

N Percentage 
(IQR)

P-value N
Median number 

of cells/mm2 

(IQR)

P-value

Age* 0.013 0.956
≤ 50 61 80 (35 - 92) 62 8 (1 - 20)
> 50 67 53 (7 - 83) 65 7 (2 - 29)

Tumour type 0.147 0.099
Ductal 116 58 (25 - 87) 115 8 (2 - 27)
Others 12 81 (35 - 95) 12 4 (0 - 17)

Clinical T stage 0.344 0.139
T1 44 64 (33 - 88) 42 6 (1 - 18)
T2-4 63 55 (15 - 87) 65 11 (2 - 36)
Unknown 21 58 (40 - 88) 20 7 (1 - 19)

Tumour ER expression 0.011 0.037
Positive 68 74 (41 - 92) 68 4 (1 - 19)
Negative 52 53 (7 - 80) 51 11 (3 - 29)
Unknown 8 82 (19 - 90) 8 16 (1 - 237)

Tumour PR expression 0.172 0.501
Positive 53 66 (35 - 91) 52 8 (2 - 35)
Negative 61 58 (12 - 86) 62 8 (1 - 20)
Unknown 14 72 (28 - 93) 13 7 (1 - 58)

Tumour histological grade 0.934 0.949
I-II 44 58 (32 - 88) 43 8 (2 - 20)
III 69 58 (18 - 85) 68 8 (2 - 27)
Unknown 15 90 (78 - 98) 16 0 (0 - 48)

Metastatic site 0.943 0.458
Visceral 75 58 (28 - 87) 76 10 (2 - 27)
Non-visceral 46 60 (22 - 88) 45 6 (1 - 25)
Unknown 7 81 (35 - 97) 6 4 (0 - 39)

Abbreviation: AR, androgen receptor; ER, oestrogen receptor; IQR, interquartile range; N, number; PR, progesterone receptor; 
TAMs, M2 tumour-associated macrophages; * age at diagnosis of breast cancer.

Correlation between the studied markers
Tumour AR expression was negatively correlated with M2 TAMs, CD3+ and CD8+ cell infiltration of 

the tumour. The strongest negative correlation was observed between AR and M2 TAMs (Pearson’s 

r = -0.361, P < 0.001). Correlation between the studied markers is shown in Table 3. 
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Table 3  Correlation and correlation coefficient between the studied markers in the primary tumours of all 
patients with HER2-positive breast cancer.

All AR TAMs CD3 CD8 TILs

Corr Corr 
coeff Corr Corr 

coeff Corr Corr 
coeff Corr Corr 

coeff Corr Corr 
coeff

All tumours
  TAMs <0.001& -0.361
  CD3 0.030& -0.199 <0.001 0.367
  CD8 0.021& -0.212 <0.001 0.327 <0.001 0.945
  TILs 0.105& -0.160 0.019 0.235 <0.001 0.498 <0.001 0.493
  PD-L1 0.269&,* -0.098* 0.004* 0.255* <0.001* 0.370* <0.001* 0.386* 0.001* 0.332*
ER positive 
tumours
  TAMs 0.011& -0.311
  CD3 0.035& -0.266 <0.001 0.433
  CD8 0.039& -0.261 <0.001 0.460 <0.001 0.976
  TILs 0.018& -0.330 0.259 0.163 0.001 0.470 0.001 0.459
  PD-L1 0.979&,* -0.003* 0.001* 0.423* 0.002* 0.400* <0.001* 0.454* 0.044* 0.285*
ER negative 
tumours
  TAMs 0.028& -0.312
  CD3 0.546& -0.088 0.031 0.311
  CD8 0.251& -0.169 0.241 0.174 <0.001 0.894
  TILs 0.766& -0.045 0.108 0.243 0.001 0.493 0.001 0.503
  PD-L1 0.252&,* -0.159* 0.846* -0.027* 0.005* 0.400* 0.009* 0.371* 0.003* 0.426*

Abbreviation: AR, androgen receptor; corr, correlation; corr coeff, correlation coefficient; PD-L1, programmed cell death ligand 
1; TAMs, M2 tumour-associated macrophages; TILs, tumour-infiltrating lymphocytes; &, negative correlation; *, AR used 10%, 
other markers used their median numbers as a cut-off point (TAMs: 10 cells / mm2; CD3: 85 cells / mm2; CD8: 35 cells / mm2; TILs: 
10%) to determine positivity or high infiltration, chi-square test was performed; correlation is expressed as the P-values of the 
correlation analysis.

In patients with ER-positive tumours, a similar negative correlation between AR expression 

and immune cell infiltration was observed. In patients with ER-negative tumours, however, AR 

expression was negatively correlated with only M2 TAM infiltration. Based on the above-mentioned 

correlation between tumour AR expression and immune cell infiltration, we created heatmaps 

to dissect the AR expression and immune cell composition in individual tumours (Figure 2 and 

Supplementary Figure 2). We identified a group of tumours with low AR expression and high 

immune cell infiltration in around 20% of the patients; around 15% of the tumours with high AR 

expression and high immune cell infiltration; about half of the tumours with high AR expression 

and low immune cell infiltration (Figure 2A). This pattern of patient classification was observed 

similarly for both ER-positive and ER-negative tumours (Supplementary Figure 2). For the immune 

cell composition, we identified a group of tumours with high or low infiltration of CD8+ T cells and 

high infiltration of M2 TAMs and/or PD-L1+ cells in around 30% of the patients. Less than 10% of 

the tumours had high CD8+ T cell infiltration and low infiltration of M2 TAMs and PD-L1+ cells. In 

55% of the tumours there was low infiltration of all three immune related markers (M2 TAMs, CD8+ 
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T cells and PD-L1+ cells) (Figure 2B). Subgroup analysis demonstrated that ER-negative tumours 

have a slightly higher percentage of patients with tumours (around 40%) with high infiltration 

of M2 TAMs and/or PD-L1+ cells compared to patients with ER-positive tumours (around 30%). 

In contrary, the ER-positive subgroup has more patients with tumours with low infiltration of all 

three immune related markers (around 60%) compared with the ER-negative subgroup (around 

50%) (Supplementary Figure 3).  

Fig. 2. Heatmap of AR expression and immune cell composition in individual tumours. The heatmaps 
were created based on AR expression and M2 TAMs, CD8+, and PD-L1+ immune cell infiltration in the 
primary tumours. The change from high infiltration/expression (red) to low infiltration/expression (blue) 
is reflected by the colour key. On the x-axis the markers are indicated, and on the y-axis the 116 tumours 
(upper heatmap; 117 tumours for the lower heatmap) are depicted, for whom data of all the markers are 
available. Each line represents the AR expression and/or immune cell composition of a tumour. Abbreviation: 
AR, androgen receptor; PD-L1, programmed cell death protein 1 ligand 1; TAMs, M2 tumour-associated 
macrophages.
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Correlation of identified subgroups with overall survival
Based on the heatmap results for the tumour AR expression and immune cell infiltration, we 

classified the patients into four subgroups. The median follow-up was 63.8 months. OS is longer in 

the subgroup of patients with high AR expression and high immune cell infiltration (n = 27) in the 

primary tumour compared to patients having tumours with low AR expression and high immune 

cell infiltration (n = 32) (89.7 months vs 66.4 months, P = 0.01, HR 2.26, 95% CI (1.19 - 4.30). There are 

no differences in OS between the other subgroups (Supplementary Figure 4).

DISCUSSION

This is the first study to show that AR expression correlated inversely with M2 TAMs, CD3+ and 

CD8+ T cell infiltration in primary tumours of patients treated with trastuzumab for HER2-positive 

metastatic breast cancer. 

Interesting this novel finding in breast tumours was also observed tumours of patients with 

castration-resistant prostate cancer. Tissues of bone metastasis were obtained from 65 patients 

during surgery for metastatic spinal cord compression. In total 83% of these patients received 

prior chemotherapy. Tumour AR protein expression was inversely correlated with CD3+ and CD8+ 

T cell infiltration and CD68 and CD163 mRNA expression.[23] In breast cancer the only available 

study taken into account AR and immune infiltration was performed in 107 non-metastatic triple 

negative breast cancer patients. Cluster analysis of RNA gene-expression profile of the primary 

tumour revealed that AR expression was related to a low immune response defined by the 

Teschendorff’s gene-expression signature.[24] This information combined with our finding in 

HER2-positive breast tumours, suggests that tumour AR expression coincides with an immune 

deserted environment. This could possibly indicate that targeting AR is a rational option in AR 

high expressing HER2-positive tumours, while incorporating immunotherapy may be of potential 

interest for AR low expressing tumours, which are enriched with immune cells. 

As only a small proportion of patients with HER2-positive breast cancer respond to the 

combination of immune checkpoint inhibitor and trastuzumab[18], better understanding of the 

immune cell composition in tumour microenvironment may help predict treatment response 

and optimize treatment strategy. We found in the exploratory analysis a longer OS in patients 

with high AR expression and high immune cell infiltration in the primary tumour compared to 

patients having tumours with low AR expression and high immune cell infiltration. Although this 

difference is found in a group containing small number of patients receiving systemic treatment 

as part of standard care, it could indicate that the proposed tumour classification is relevant to 

clinical outcome. The OS difference we found may indicate a role for the AR signalling in anti-HER2 

treatment response. In a preclinical study exploring the role of AR signalling in HER2-positive, ER-

negative breast cancer cells, high AR expression was associated with increased sensitivity to anti-

HER2 treatment most likely based upon impaired androgen stimulated tumour cell growth, which 

was mediated by HER2/HER3 signalling activation.[25]  
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We found in this study tumours with relatively high presence of PD-L1+ and CD8+ T cells, and 

tumours that show high M2 TAM infiltration. In the first group, the PD-1 / PD-L1 axis could be 

a possible target for therapy, while in the second group macrophage-targeted therapy might 

support to reverse the immunosuppressive environment. In clinical trials the combination of 

macrophage-targeted therapy with trastuzumab or anti- PD-1 / PD-L1 axis therapy is currently 

studied (NCT03013218 and NCT01042379). 

In breast cancer, AR functions differently depending on the ER status of the tumour cells. In 

ER-positive/AR-positive cell lines, ligand-bound AR causes cell apoptosis by binding to oestrogen-

related element, whereas in ER-negative/AR-positive cell lines AR causes cell proliferation by 

binding to androgen-related element in the nucleus.[26] In our study, we found that in ER-positive 

tumours, AR expression was negatively correlated with all studied immune cells except for PD-L1+ 

immune cells. In ER-negative tumours, AR expression was not correlated with any of the immune 

cell fractions except for M2 TAMs. Therefore, the correlation between tumour AR expression and 

immune cell infiltration may also be affected by the ER signalling. This is consistent with prior 

findings indicating that the prognostic value of infiltrating immune cells depends on ER status 

and/or HER2 status.[27, 28] In a cohort of 12,439 patients with breast cancer, presence of CD8+ 

T cells in the tumour was associated with a 28% reduction of breast cancer-specific mortality in 

patients with ER-negative tumours, irrespective of HER2 status, and a 27% reduction in patients 

with ER-positive/HER2-positive tumours. For the entire group of patients with ER-positive tumours 

no such association was found.[29] 

We used anti-PD-L1 SP142 in our study which it is one of the four Food and Drug Administration 

approved PD-L1 immunohistochemistry assays for predicting PD-1 / PD-L1 inhibitor response.[30] 

It is however well known that different PD-L1 antibodies provide different results.[31] 

This is a small retrospective study of primary tumour samples from patients with synchronous- 

or asynchronous breast cancer metastases. Our findings must be interpreted as hypothesis 

generating. A larger number of primary HER2-positive breast cancers, including tumours that have 

not metastasised, is needed to test the strength of our findings. 

Conclusion

AR expression inversely correlates with immune cell infiltration in HER2-positive breast cancer. 

New treatment strategies can potentially be explored in groups with different AR expression and 

immune cell infiltration.

Acknowledgements
We thank Sabine Siesling and Linda de Munck of the Netherlands Comprehensive Cancer 

Organisation for identification and retrieval of patient characteristics. 

CHAPTER 5



539366-L-bw-Rooijen539366-L-bw-Rooijen539366-L-bw-Rooijen539366-L-bw-Rooijen
Processed on: 13-12-2019Processed on: 13-12-2019Processed on: 13-12-2019Processed on: 13-12-2019 PDF page: 91PDF page: 91PDF page: 91PDF page: 91

91

REFERENCES 

1. Slamon DJ, Clark GM, Wong SG, Levin WJ, Ullrich A, McGuire WL. Human breast cancer: correlation of relapse and survival 
with amplification of the HER-2/neu oncogene. Science. 1987;235:177-82.

2. Romond EH, Perez EA, Bryant J, Suman VJ, Geyer CE, Jr., Davidson NE, et al. Trastuzumab plus adjuvant chemotherapy for 
operable HER2-positive breast cancer. N Engl J Med. 2005;353:1673-84.

3. Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, Paton V, Bajamonde A, et al. Use of chemotherapy plus a monoclonal 
antibody against HER2 for metastatic breast cancer that overexpresses HER2. N Engl J Med. 2001;344:783-92.

4. Swain SM, Baselga J, Kim SB, Ro J, Semiglazov V, Campone M, et al. Pertuzumab, trastuzumab, and docetaxel in HER2-
positive metastatic breast cancer. N Engl J Med. 2015;372:724-34.

5. Blackwell KL, Burstein HJ, Storniolo AM, Rugo HS, Sledge G, Aktan G, et al. Overall survival benefit with lapatinib in 
combination with trastuzumab for patients with human epidermal growth factor receptor 2-positive metastatic breast 
cancer: final results from the EGF104900 Study. J Clin Oncol. 2012;30:2585-92.

6. Verma S, Miles D, Gianni L, Krop IE, Welslau M, Baselga J, et al. Trastuzumab emtansine for HER2-positive advanced breast 
cancer. N Engl J Med. 2012;367:1783-91.

7. Gordon MA, D’Amato NC, Gu H, Babbs B, Wulfkuhle J, Petricoin EF, et al. Synergy between androgen receptor antagonism 
and inhibition of mTOR and HER2 in breast cancer. Mol Cancer Ther. 2017;16:1389-400.

8. He L, Du Z, Xiong X, Ma H, Zhu Z, Gao H, et al. Targeting androgen receptor in treating HER2 positive breast cancer. Sci 
Rep. 2017;7:14584.

9. Loi S, Michiels S, Salgado R, Sirtaine N, Jose V, Fumagalli D, et al. Tumor infiltrating lymphocytes are prognostic in triple 
negative breast cancer and predictive for trastuzumab benefit in early breast cancer: results from the FinHER trial. Ann 
Oncol. 2014;25:1544-50.

10. Park S, Jiang Z, Mortenson ED, Deng L, Radkevich-Brown O, Yang X, et al. The therapeutic effect of anti-HER2/neu 
antibody depends on both innate and adaptive immunity. Cancer Cell. 2010;18:160-70.

11. Xu M, Liu M, Du X, Li S, Li H, Li X, et al. Intratumoral delivery of IL-21 overcomes anti-Her2/neu resistance through shifting 
tumor-associated macrophages from M2 to M1 phenotype. J Immunol. 2015;194:4997-5006.

12. Lange CA, Gioeli D, Hammes SR, Marker PC. Integration of rapid signaling events with steroid hormone receptor action in 
breast and prostate cancer. Annu Rev Physiol. 2007;69:171-99.

13. Park S, Koo JS, Kim MS, Park HS, Lee JS, Lee JS, et al. Androgen receptor expression is significantly associated with better 
outcomes in estrogen receptor-positive breast cancers. Ann Oncol. 2011;22:1755-62.

14. Krop I, Cortes J, Miller K, Huizing M, Provencher L, Gianni L, et al., editors. Abstract P4-22-08: a single-arm phase 2 study 
to assess clinical activity, efficacy and safety of enzalutamide with trastuzumab in HER2+ AR+ metastatic or locally 
advanced breast cancer2017 2017-02-14.

15. Ali HR, Chlon L, Pharoah PD, Markowetz F, Caldas C. Patterns of immune infiltration in breast cancer and their clinical 
implications: a gene-expression-based retrospective study. PLoS Med. 2016;13:1-24.

16. Bense RD, Sotiriou C, Piccart-Gebhart MJ, Haanen JB, van Vugt MA, de Vries EG, et al. Relevance of Tumor-Infiltrating 
Immune Cell Composition and Functionality for Disease Outcome in Breast Cancer. J Natl Cancer Inst. 2017;109.

17. Stagg J, Loi S, Divisekera U, Ngiow SF, Duret H, Yagita H, et al. Anti-ErbB-2 mAb therapy requires type I and II interferons 
and synergizes with anti-PD-1 or anti-CD137 mAb therapy. Proc Natl Acad Sci U S A. 2011;108:7142-7.

18. Loi S, Giobbe-Hurder A, Gombos A, Bachelot T, Hui R, Curigliano G, et al. Phase Ib/II study evaluating safety and efficacy of 
pembrolizumab and trastuzumab in patients with trastuzumab-resistant HER2-positive metastatic breast cancer: Results 
from the PANACEA (IBCSG 45-13/BIG 4-13/KEYNOTE-014) study [abstract].  In: Proc San Antonio Breast Cancer Symposium; 
2017, Cancer Res, 2018:78(4 Suppl):Abstract nr GS2-06.

19. van Rooijen JM, de Munck L, de Graaf JC, Siesling S, de Vries EG, Boers JE. Limited human epidermal growth factor 
receptor 2 discordance in metastatic breast cancer patients treated with trastuzumab, a population based study. Eur J 
Cancer. 2014;50:885-91.

20. van Rooijen JM, de Munck L, Teeuwen GM, de Graaf JC, Jansman FG, Boers JE, et al. Use of trastuzumab for HER2-positive 
metastatic breast cancer in daily practice: a population-based study focusing on the elderly. Anticancer Drugs. 2015.

21. de Vos van Steenwijk PJ, Ramwadhdoebe TH, Goedemans R, Doorduijn EM, van Ham JJ, Gorter A, et al. Tumor-infiltrating 
CD14-positive myeloid cells and CD8-positive T-cells prolong survival in patients with cervical carcinoma. Int J Cancer. 
2013;133:2884-94.

22. Salgado R, Denkert C, Demaria S, Sirtaine N, Klauschen F, Pruneri G, et al. The evaluation of tumor-infiltrating lymphocytes 
(TILs) in breast cancer: recommendations by an International TILs Working Group 2014. Ann Oncol. 2015;26:259-71.

23. Ylitalo EB, Thysell E, Jernberg E, Lundholm M, Crnalic S, Egevad L, et al. Subgroups of castration-resistant prostate cancer 
bone metastases defined through an inverse relationship between androgen receptor activity and immune response. 
Eur Urol. 2017;71:776-87.

24. Jezequel P, Loussouarn D, Guerin-Charbonnel C, Campion L, Vanier A, Gouraud W, et al. Gene-expression molecular 
subtyping of triple-negative breast cancer tumours: importance of immune response. Breast Cancer Res. 2015;17:43.

25. Ni M, Chen Y, Lim E, Wimberly H, Bailey ST, Imai Y, et al. Targeting androgen receptor in estrogen receptor-negative breast 
cancer. Cancer Cell. 2011;20:119-31.

ANDROGEN RECEPTOR EXPRESSION INVERSELY CORRELATES WITH IMMUNE CELL INFILTRATION IN HER2-POSITIVE BREAST CANCER

5



539366-L-bw-Rooijen539366-L-bw-Rooijen539366-L-bw-Rooijen539366-L-bw-Rooijen
Processed on: 13-12-2019Processed on: 13-12-2019Processed on: 13-12-2019Processed on: 13-12-2019 PDF page: 92PDF page: 92PDF page: 92PDF page: 92

92

26. Kono M, Fujii T, Lim B, Karuturi MS, Tripathy D, Ueno NT. Androgen receptor function and androgen receptor-targeted 
therapies in breast cancer: a review. JAMA Oncol. 2017;3:1266-73.

27. Dannenfelser R, Nome M, Tahiri A, Ursini-Siegel J, Vollan HKM, Haakensen VD, et al. Data-driven analysis of immune 
infiltrate in a large cohort of breast cancer and its association with disease progression, ER activity, and genomic 
complexity. Oncotarget. 2017;8:57121-33.

28. Liu S, Foulkes WD, Leung S, Gao D, Lau S, Kos Z, et al. Prognostic significance of FOXP3+ tumor-infiltrating lymphocytes 
in breast cancer depends on estrogen receptor and human epidermal growth factor receptor-2 expression status and 
concurrent cytotoxic T-cell infiltration. Breast Cancer Res. 2014;16:432.

29. Ali HR, Provenzano E, Dawson SJ, Blows FM, Liu B, Shah M, et al. Association between CD8+ T-cell infiltration and breast 
cancer survival in 12,439 patients. Ann Oncol. 2014;25:1536-43.

30. Diggs LP, Hsueh EC. Utility of PD-L1 immunohistochemistry assays for predicting PD-1/PD-L1 inhibitor response. Biomark 
Res. 2017;5:12.

31. McLaughlin J, Han G, Schalper KA, Carvajal-Hausdorf D, Pelekanou V, Rehman J, et al. Quantitative assessment of the 
heterogeneity of PD-L1 expression in non-small-cell lung cancer. JAMA Oncol. 2016;2:46-54.

CHAPTER 5



539366-L-bw-Rooijen539366-L-bw-Rooijen539366-L-bw-Rooijen539366-L-bw-Rooijen
Processed on: 13-12-2019Processed on: 13-12-2019Processed on: 13-12-2019Processed on: 13-12-2019 PDF page: 93PDF page: 93PDF page: 93PDF page: 93

93

SUPPLEMENTARY FILES
Su

pp
le

m
en

ta
ry

 T
ab

le
 1

. 
Cl

in
ic

op
at

ho
lo

gi
ca

l 
ch

ar
ac

te
ri

st
ic

s 
in

 r
el

at
io

n 
to

 C
D3

+ 
an

d 
CD

8+
 T

 c
el

l 
in

fil
tr

at
io

n,
 t

um
ou

r 
in

fil
tr

at
in

g 
ly

m
ph

oc
yt

es
 a

nd
 P

D-
L1

 
ex

pr
es

si
on

 i
n 

th
e 

pr
im

ar
y 

tu
m

ou
r.

Ch
ar

ac
te

ri
st

ic
s

CD
3 

CD
8

TI
Ls

PD
-L

1

N
M

ed
ia

n 
nu

m
be

r o
f 

ce
lls

/m
m

2 
(IQ

R)
P-

va
lu

e
N

M
ed

ia
n 

nu
m

be
r o

f 
ce

lls
/m

m
2  (I

Q
R)

P-
va

lu
e

N
M

ed
ia

n 
nu

m
be

r o
f 

ce
lls

/m
m

2  (I
Q

R)
P-

va
lu

e
Po

si
ti

ve
 

(%
)

N
eg

at
iv

e   
(%

)
P-

va
lu

e

To
ta

l
13

9
85

 (0
 - 

31
1)

-
13

8
35

 (0
 - 

14
9)

-
10

6
10

 (5
 - 

16
)

-
36

93
-

Ag
e*

0.
88

9
0.

64
0

0.1
67

0.
23

5

   
≤ 

50
66

10
7 

(5
 - 

22
8)

66
35

 (0
 - 

90
)

52
10

 (5
 - 

15
)

14
 (3

8.
9)

47
 (5

0.
5)

   
> 

50
73

78
 (0

 - 
38

7)
72

30
 (0

 - 
16

9)
54

13
 (5

 - 
20

)
22

 (6
1.1

)
46

 (4
9.

5)

Tu
m

ou
r t

yp
e

0.
00

3
0.

00
5

0.1
69

0.
51

4

   
D

uc
ta

l
12

4
10

7 
(0

 - 
36

6)
12

3
42

 (0
 - 

15
6)

10
1

10
 (5

 - 
18

)
34

 (9
4.

4)
82

 (8
8.

2)

   
O

th
er

s
15

0 
(0

 - 
12

0)
15

0 
(0

 - 
7)

5
5 

(3
 - 

13
)

2 
(5

.6
)

11
 (1

1.8
)

Cl
in

ic
al

 T
 st

ag
e

<0
.0

01
<0

.0
01

0.
35

9
0.

98
7

   
T1

44
17

7(
57

 - 
46

4)
44

71
 (1

9 
- 2

15
)

43
10

 (5
 - 

20
)

13
 (4

0.
6)

31
 (4

0.
8)

   
T2

-4
75

21
 (0

 - 
20

9)
74

2 
(0

 - 
90

)
46

10
 (5

 - 
15

)
19

 (5
9.4

)
45

 (5
9.

2)

   
Un

kn
ow

n
20

12
9 

(5
 - 

35
5)

20
73

 (0
 - 

15
8)

17
10

 (5
 - 

23
)

4 
17

Tu
m

ou
r E

R 
ex

pr
es

sio
n

0.
32

1
0.

71
9

0.
95

2
0.

55
7

   
Po

sit
iv

e
72

85
 (0

 - 
27

0)
72

37
 (0

 - 
15

1)
51

10
 (5

 - 
15

)
17

 (5
1.5

)
50

 (5
7.5

)

   
N

eg
at

iv
e

57
12

4 
(0

 - 
42

8)
56

51
 (0

 - 
14

9)
49

10
 (5

 - 
20

)
16

 (4
8.

5)
37

 (4
2.

5)

   
Un

kn
ow

n
10

0(
0 

- 1
19

)
10

0 
(0

 - 
80

)
6

13
 (5

 - 
16

)
3 

6 

Tu
m

ou
r P

R 
ex

pr
es

sio
n

0.
55

3
0.

31
1

0.
24

5
0.

69
4

   
Po

sit
iv

e
53

12
0 

(0
 - 

28
5)

53
57

 (0
 - 

14
9)

41
10

 (5
 - 

15
)

16
 (4

8.
5)

36
 (4

4.
4)

   
N

eg
at

iv
e

70
66

 (0
 - 

34
7)

69
18

 (0
 - 

13
5)

54
8 

(5
 - 

16
)

17
 (5

1.5
)

45
 (5

5.
6)

   
Un

kn
ow

n
16

34
 (0

 - 
34

7)
16

16
 (0

 - 
16

4)
11

15
 (5

 - 
20

)
3 

12
 

Tu
m

ou
r h

ist
ol

og
ic

al
 g

ra
de

0.
65

3
0.

64
2

0.
75

1
0.

27
3

   
I-I

I
42

13
1(

43
 - 

44
5)

41
64

 (7
 - 

23
6)

40
10

 (5
 - 

20
)

11
 (3

1.4
)

33
 (4

2.
3)

   
III

68
16

1(
33

 - 
36

6)
68

73
 (1

2 
- 1

54
)

63
10

 (5
 - 

15
)

24
 (3

8.
6)

45
 (5

7.7
)

   
Un

kn
ow

n
29

0 
(0

 - 
0)

29
0 

(0
 - 

0)
3

5 
1 

15

M
et

as
ta

tic
 si

te
0.

27
0

0.
50

9
0.

43
5

0.1
85

   
Vi

sc
er

al
 

85
57

 (0
 - 

30
9)

84
28

 (0
 - 

14
9)

59
10

 (5
 - 

20
)

18
 (5

2.
9)

58
 (6

5.9
)

   
N

on
-v

isc
er

al
47

13
1 

(0
 - 

38
2)

47
57

 (0
 - 

15
6)

41
10

 (5
 - 

18
)

16
 (4

7.1
)

30
 (3

4.1
)

   
Un

kn
ow

n
7

42
 (0

 - 
17

3)
7

7
18

 (0
 - 

88
) 

6
13

 (4
 - 

16
)

2 
5 

Ab
br

ev
ia

tio
n:

 E
R,

 o
es

tro
ge

n 
re

ce
pt

or
; I

Q
R,

 in
te

rq
ua

rt
ile

 ra
ng

e;
 N

, n
um

be
r; 

PR
, p

ro
ge

st
er

on
e 

re
ce

pt
or

; *
 a

ge
 a

t d
ia

gn
os

is 
of

 b
re

as
t c

an
ce

r.

ANDROGEN RECEPTOR EXPRESSION INVERSELY CORRELATES WITH IMMUNE CELL INFILTRATION IN HER2-POSITIVE BREAST CANCER

5



539366-L-bw-Rooijen539366-L-bw-Rooijen539366-L-bw-Rooijen539366-L-bw-Rooijen
Processed on: 13-12-2019Processed on: 13-12-2019Processed on: 13-12-2019Processed on: 13-12-2019 PDF page: 94PDF page: 94PDF page: 94PDF page: 94

94

Supplementary Fig. 1. Flow diagram of the studied patients and number of primary HER2+ tumours 
available for analysis for each marker. Abbreviation: AR, androgen receptor; HER2, human epidermal growth 
factor receptor 2; N, number of patients; n, number of tumours available for analysis per marker; PD-1, 
programmed cell death protein 1; PD-L1, programmed cell death 1 ligand 1; TAMs, M2 tumour-associated 
macrophages; TILs, tumour-infiltrating lymphocytes; TMA, tissue micro-array.
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Supplementary Fig. 2. Heatmap of AR expression and immune cell composition in individual tumours 
with different ER status (A: ER-positive tumours; B: ER-negative tumours). The heatmaps were created 
based on AR expression and M2 TAMs, CD8+, and PD-L1+ immune cell infiltration in the primary tumours. 
The change from high infiltration/expression (red) to low infiltration/expression (blue) is reflected by the 
colour key. On the x-axis the markers are indicated, and on the y-axis of the upper heatmap the 63 ER-
positive tumours (46 ER-negative tumours for the lower heatmap) are depicted, for whom data of all the 
markers are available. Each line represents the AR expression and/or immune cell composition of a tumour. 
Abbreviation: AR, androgen receptor; ER, estrogen receptor; PD-L1, programmed cell death protein 1 ligand 
1; TAMs, M2 tumour-associated macrophages.
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Supplementary Fig. 3. Heatmap of immune cell composition in individual tumours with different ER status 
(A: ER-positive tumours; B: ER-negative tumours). The heatmaps were created based on M2 TAMs, CD8+, 
and PD-L1+ immune cell infiltration in the primary tumours. The change from high infiltration (red) to low 
infiltration (blue) is reflected by the colour key. On the x-axis the markers are indicated, and on the y-axis 
of the upper heatmap the 63 ER-positive tumours (46 ER-negative tumours for the lower heatmap) are 
depicted, for whom data of all the markers are available. Each line represents the immune cell composition 
of a tumour. Abbreviation: ER, oestrogen receptor; PD-L1, programmed cell death protein 1 ligand 1; TAMs, 
M2 tumour-associated macrophages.
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Supplementary Fig. 4. Kaplan-Meier analysis for overall survival of subgroups of patients classified 
based upon tumour androgen receptor (AR) expression and immune cell infiltration. A high AR expression 
was defined when AR expression was higher than 60% (mean AR expression 59%). A high immune cell 
infiltration was defined of at least positivity for M2-TAM (number of infiltrating cells more than the mean 
of 120 cells per tumour), CD8 (number of infiltrating cells more than the mean of 20 cells per tumour) or 
PD-L1. 1, high AR expression and high immune cell infiltration; 2, high AR expression and low immune cell 
infiltration; 3, low AR expression and low immune cell infiltration; 4, low AR expression and high immune 
cell infiltration; HR, hazard ratio. 
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