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Introduction

Hypothesis
We postulated that inhibition of AR with enzalutamide in combination with the ER degrader fulvestrant, 
would increase the percentage of patients with limited residual tumor at time of surgery as measured by 
modified preoperative endocrine predictive index (PEPI) score compared to fulvestrant alone.

Multiplex IC was performed on biopsies of neoadjuvant human breast cancer patients treated with fulvestrant -/+ 

enzalutamide for 5 weeks using Akoya Opal technology.  MDSCs were defined as CD14+HLADR-CD68- divided by CK- cells. 

Each data point represents the average FOV for each patient.  Paired t test; IDC n=20 pairs, ILC n=4 pairs.

• No new toxicities, most grade 1. Mild reversible cognitive impairment and occasional tremor 
associated with enzalutamide (Elias AD et al NPJ Breast Cancer 2024 Oct PMID: 39368973).

• PEPI=0 was achieved more frequently on the Combo arm (8/33) than Fulv only arm (2/26), 
although this difference (p=0.16) did not meet the pre-specified statistical significance (p=0.08).

• ER, PR, and Ki67 levels decreased by W5 and time of surgery. AR and GR significantly 

decreased by time of surgery only in the Combination (fulvestrant plus enzalutamide) arm.

• None of the 51% LN+  converted to PEPI=0 (similar to other pre-op endocrine protocols). 

• Total AR, pSRC, pEGFR, pFGFR, pHER2 and pHER2 are among the proteins most differentially 

decreased by treatment in PEPI=0 tumors.

• Combining an anti-androgen, enzalutamide, with fulvestrant induced an active immune gene 

signature, increased # of TLS and decreased immune-suppressive T Regs, TAMs, and MDSCs.

• Anti-androgens may be particularly useful for patients with ILC, although future studies with 
larger patient numbers would need to be conducted to confirm these results.
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Study Design

Historically, neoadjuvant aromatase inhibitors for 4 months 
achieved PEPI=0 (defined as tumor size <2 cm, negative 
nodes, Ki67 <2.7%, ER+) or modified PEPI (calculated 
without ER consideration due to use of an ER degrader) in 
~16% of patients.

Target for this trial was 32% for the combination (fulvestrant 
plus enzalutamide treatment (Combo) experimental arm.

• Simon 2-stage design for Combination arm:

• If < 3 PEPI = 0 in first 22 patients, then terminate

• If > 4 PEPI = 0, increase arm size to 34 patients

• Probability early termination 0.52 with 80% power 
with type I error rate of 0.08

While over 90% of estrogen receptor positive (ER+) breast cancers (BC) express androgen receptors (AR), 

the role of AR and whether it can serve as a therapeutic target, remains contentious. In a randomized 

phase II trial for women with ER+/HER2- primary BC T2 or greater, neoadjuvant fulvestrant (Fulv) alone or 

in combination with the anti-androgen enzalutamide (Combo) was given for 4 months prior to surgery. A 

total of 59 patients were evaluable: 33 on Combo and 26 on Fulv. Tumor biopsies were obtained at study 

entry (baseline), after 4 weeks on therapy (W5), and at surgery. Laboratory analyses from FFPE sections of 

tumor included immunochemistry (IHC) for the steroid hormone receptors ER/PR/AR/GR and Ki67, 

evaluation of gene expression and multiplex immunofluorescence for immune cells on FFPE tumor tissues, 
and frozen tumor was utilized for reverse phase phosphoprotein assay (RPPA). 
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Proteins Differentially Altered by Treatment in Responsive (PEPI=0) Tumors 
versus Non-Responsive (PEPI>0) tumors 

 

Figure 3. Responsive PEPI=0 (blue, N=9) versus non-responsive PEPI>0 (red, N=45) tumors 
showed AR, pSRC, pEGFR, pFGFR, and pHER2 to be decreased significantly more by W5 in 
responsive tumors. Proteins significantly (p<0.1) differentially expressed by Empirical Bayes 
moderated t-test. Dumbbell plot of the mean log2 change with treatment (W5 – BL) among patients 
with PEPI=0 and PEPI>0 for each protein.

enzalutamide for approximately 4 months using Akoya Opal technology.  Tertiary Lymphoid structures defined as areas of 

CD19+ cells (orange) surrounded by CD3+ cells (green) in surgical sections were calculated as TLS count per section divided 

by the total tissue area in mm2 and one outlier was removed for each treatment arm (Mann-Whitney Test).

Proteins Differentially Decreased by Treatment in ILC vs IDC included AR, 
Survival/Metabolism/Cell Cycle Proteins, Activated Growth Factor Receptors 

(pHER family, pRET, pFAK, pFGFR) and ribosomal S6 kinase (p70S6K) 

Figure 7. RPPA revealed that AR, HER family and 
most growth and survival related proteins decreased 

significantly more with treatment in ILC vs IDC. 

Reverse phase phospho-protein analysis (RPPA) was 
performed on laser-captured, fresh frozen tumor that was 

split into two groups for comparison: ILC (blue, N=10) 

tumors, and IDC (orange, N=41) tumors. Tumors came 

from both arms. Presented proteins were significantly 
(p<0.1) differentially expressed by the Empirical Bayes 

moderated t-test. Dumbbell plot of the mean log2 change 

in expression among patients with ILC and IDC for each 
significant protein.

Results

Figure 1. IHC for estrogen, progesterone, androgen and glucocorticoid receptors (ER, PR, 
AR, GR) by treatment arm and time (baseline, week 5 and time of surgery). ER, PR 

significantly decreased in both Combo and Fulv only arm, while AR and GR significantly decreased 

only in the Combo arm by time of surgery. Points represent individual observations and differences 
in mean indicated by horizontal lines. T-tests compared combo and fulv arms for each outcome 

and timepoint. Paired t-tests evaluated within-group change over time. "N.S.", "*", "**", and  "***" 

indicate non-significant, (p>0.05), p<0.05, p<0.01, and p<0.001. Examples are shown for one 

patient’s serial biopsies over time for each protein. Mag =400x

Patient Characteristics (Left) and Univariate Associations with Response (Right) 
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Figure 6. Exploratory quantification of Tertiary Lymphoid Structures (TLS) in surgical 
resection sections. Multiplex IHC for CD3, CD8, Foxp3, CD68, CD19, and cytokeratin was 

performed from Fulv only versus Combination arm using Akoya Opal technology. Tertiary 

Lymphoid structures defined as areas of CD19+ cells (orange) surrounded by CD3+ cells (green) 
calculated as TLS count per section divided by the total tissue area examined in mm2. Mann-

Whitney Test was performed to compare groups. 

Figure 4. Gene pathways by treatment (W5 
vs BL) in Fulv versus Combo arms.  Paired 

treated W5 samples were compared to BL in the 

Fulv-only (left) or Combo arm (right). Volcano 
plots (top) display differential results by arm. 

Significant pathways with FDR < 0.5 with blue 

higher at baseline and red higher at W5. 

GSEA enrichment plots and normalized 
enrichment scores (NES) for select pathways 

(bottom). Ticks indicate ranked positions of 

genes. Cell division and estrogen response 

genes decreased at W5 in both treatment arms, 

while Interferon Gamma Response and 

antigen processing & presentation were 

significantly enriched at W5 only in the Combo 

arm. 

Gene Expression Analyses Showed Strong Activation of the 
Immune System Only in the Combo Treatment Arm

T Regs, Tumor Associated Macrophages, and MDSC Decreased Significantly 
(p<0.05) between BL and W5 and/or by Time of Surgery Only in the Combo Arm

Figure 5.  Multiplex IHC showed that T regs, tumor associated macrophages (TAM) and 
myeloid derived suppressor cells (MDSCs) decreased significantly between BL and W5 

and/or time of surgery uniquely in the Combo arm. Results from Akoya Opal technology IHC 

shown as violin plots stratified by treatment arm (Combo, Fulv) and time (BL, W5, Surgery). a. T 
Regulatory cells (CD3+CD8-Foxp3+) compared over time by Wilcoxon signed rank tests with 

points showing patient-level averages (N=53). b. TAMs (CD68+) (N=53) c. For MDSCs 

(CD14+HLADR-CD68) BL was compared to W5 (top) (N=59, 576 images) and to surgery 

(bottom) (N=45) separately using two different panels. For b and c, group averages (horizontal 
lines) and Z-test p-values were calculated from linear mixed effect models (LMM). For all plots 

p>0.05, p<0.05, p<0.01, and p<0.001 indicated by ‘n.s.,’ ‘*,’ ‘**,’ and ‘***,’ respectively. 

Conclusions

ER and PR Decreased Significantly by W5 and Time of Surgery in Both Arms, 
while AR and GR Decreased Only in Combo (Fulv +Enza) Arm at Time of Surgery 
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enzalutamide for approximately 4 months using Akoya Opal technology.  Tertiary Lymphoid structures defined as areas of 

CD19+ cells (orange) surrounded by CD3+ cells (green) in surgical sections were calculated as TLS count per section divided 

by the total tissue area in mm2 and one outlier was removed for each treatment arm (Mann-Whitney Test).

Figure 8. Multiplex IHC results for M-
MDSCs by histological type. Violin plots of 

514 spectral images from 56 subjects are 

stratified by histology (ILC, IDC) and time 
(BL, W5). Group averages (horizontal lines), 

and Z-test p-values were calculated from a 

linear mixed effect model (LMM). 

MDSCs Decrease with Treatment in both ILC and IDC (BL vs W5)  

Figure 2.  RPPA from frozen laser-captured tumor biopsies (BL vs W5) showed that AR 
decreased in Responsive Tumors, while Non-Responsive Tumors activated IGF1 Receptor/ 

Insulin Receptor increased as did growth/survival and metabolism proteins. Blue are High 

BL/LowW5 responsive tumors (N=13) and red High BL/High W5 non-responsive tumors (N=9). 
Presented proteins were significantly (p<0.1) differentially altered by Empirical Bayes moderated t-

test. Dumbbell plots show mean log2 fold change with treatment (W5 – BL) for each protein.

RPPA Revealed Proteins Differentially Altered (BL versus W5) in 
Responsive (High BL Ki67 >10%, Low W5 <=10%) vs Non-Responsive (High 

BL/High W5) Tumors

Key univariate take-aways:

• Each % point higher W5 Ki67 was 

associated with lower odds of PEPI=0

• The odds of PEPI=0 were 4.6-fold 

higher for ILC vs IDC tumors

a.

b.

c.

Univariate Predictor Analysis Showed that the Odds of Response were 4.6-
Fold Higher for ILC Versus IDC Tumors


	Slide 1

