
Supplementary Figure 1. IHC for Cleaved Caspase 3 (CC3) in serial biopsies by treatment 
arm and time. Points represent individual observations, and horizontal lines indicates the mean in 

each group. T-tests were used to compare Combo and Fulv for each outcome and timepoint. One 

outlier was removed and paired t-tests were used to evaluate within-group changes over time. 

“n.s.” indicates non-significance (p>0.05). One patient’s paired samples over time are shown in the 

images below the x-axis as an example. Magnification = 400x.



Supplementary Figure 2. RPPA change with treatment in the combination arm for 
PEPI=0 vs. PEPI>0. Dumbbell plot of the mean log2 fold change in expression with treatment 

(W5–BL) in the Combo arm by PEPI score (blue: PEPI=0 (N=7), orange: PEPI>0 (N=22)) and 

phosphoprotein. Presented phosphoproteins on the left-hand side were significantly (p<0.1) 

differently expressed with treatment by the Empirical Bayes moderated t-test. The 

corresponding table on the right presents all phosphoproteins with p<0.2. Results are 

summarized in log2 units with the mean and standard deviation (SD) among patients with 

PEPI=0 and PEPI>0 in the 2nd and 3rd columns, respectively. “Mean Diff” is the mean change 

among PEPI>0 patients (column 3) subtracted from the mean change among patients with 

PEPI=0 (column 2).



Supplementary Figure 3. RPPA by PEPI at baseline. Phosphoproteins that were significantly 
(p<0.2, eBayes moderated t-test) differentially expressed at BL between patients with PEPI =0 

(N=9) and PEPI>0 (N=45) are presented in log2 units. The mean and standard deviation (SD) 

among patients with PEPI=0 and PEPI>0 are presented in columns 2 and 3, respectively. “Mean 

Diff” is the mean among patients with PEPI>0 (column 3) subtracted from the mean among 

patients with PEPI =0 (column 2).



Supplementary Figure 4. RPPA by PEPI with treatment. Phosphoproteins that were 
significantly (P<0.2, eBayes moderated t-test) differentially expressed with treatment (W5 – BL) 

between patients with PEPI=0 (N=9) and PEPI>0 (N=45) are presented in log2 units. The mean 

and standard deviation (SD) among patients with PEPI=0 and PEPI>0 are presented in columns 2 

and 3, respectively. “Mean Diff” is the mean change among patients with PEPI>0 (column 3) 

subtracted from the mean change among patients with PEPI =0 (column 2).



Supplementary Figure 5. RPPA by Ki67 at baseline. Phosphoproteins that were significantly

(p<0.2, eBayes moderated t-test) differentially expressed at BL between patients with High BL/Low 

W5 Ki67 (N=13) and High BL/High W5 Ki67 (N=9) are presented in log2 units. The mean and 

standard deviation (SD) among patients with High BL/Low W5 and High BL/High W5 Ki67 are 

presented in columns 2 and 3, respectively. “Mean Diff” is the mean among patients with High 

BL/High W5 (column 3) subtracted from the mean among patients with High BL/Low W5 (column 

2).



Supplementary Figure 6. RPPA by Ki67 with treatment. Phosphoproteins that were 
significantly (p<0.2, eBayes moderated t-test) differentially expressed with treatment (W5 – BL) 

between patients with High BL/Low W5 Ki67 (N=13) and High BL/High W5 Ki67 (N=9) are 

presented in log2 units. The mean and standard deviation (SD) among patients with High BL/Low 

W5 and High BL/High W5 Ki67 are presented in columns 2 and 3, respectively. “Mean Diff” is the 

mean change among patients with High BL/High W5 (column 3) subtracted from the mean 

change among patients with High BL/Low W5 (column 2).
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Baseline: ILC vs IDC RPPA Analysis

Change with Treatment: ILC vs IDC RPPA Analysis

Supplementary Figure 7. RPPA by Histology (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 patients in both arms. Presented phosphoproteins were significantly (p<0.1) differentially 

expressed by the Empirical Bayes moderated t-test. a Dumbbell plot of the mean log2 baseline 

expression for patients with ILC and IDC for each significant phosphoprotein. b Dumbbell plot of 

the mean log2 change in expression among patients with ILC and IDC for each significant 

phosphoprotein.



Supplementary Figure 8. RPPA by Histology (ILC vs IDC) at baseline. Phosphoproteins that 
were significantly (p<0.2, eBayes moderated t-test) differentially expressed at BL between patients 

with ILC (N=10) and IDC (N=41) are presented in log2 units. The mean and standard deviation 

(SD) among patients with ILC and IDC are presented in columns 2 and 3, respectively. “Mean Diff” 

is the mean among patients with IDC (column 3) subtracted from the mean among patients with 

ILC (column 2).



Supplementary Figure 9. RPPA by Histology (ILC vs IDC) with treatment. Phosphoproteins 
that were significantly (P<0.2, eBayes moderated t-test) differentially expressed with treatment (W5 

– BL) between patients with ILC (N=10) and IDC (N=41) are presented in log2 units. The mean and 
standard deviation (SD) among patients with ILC and IDC are presented in columns 2 and 3, 
respectively. “Mean Diff” is the mean change among patients with IDC (column 3) subtracted from 
the mean change among patients with ILC(column 2).



Supplementary Figure 10. Metabolomics by PEPI. Metabolites that were significantly (p<0.2, 
eBayes moderated t-test) differentially expressed with treatment (W5-BL) between patients with 

PEPI=0 (N=9) and PEPI>0 (N=41) are presented in log2 units. The mean and standard deviation 

(SD) among patients with PEPI=0 and PEPI> 0 are presented in columns 2 and 3, respectively. 

“Mean Diff” is the mean change among patients with PEPI> 0 (column 3) subtracted from the mean 

change among patients with PEPI=0 (column 2).



Supplementary Figure 11. Metabolomics by arm. Metabolites that were significantly (p<0.2, 
eBayes moderated t-test) differentially expressed with treatment between patients with Combo 

(N=29) and Fulv (N=21) arms are presented in log2 units. The mean and standard deviation (SD) 

among patients with Combo and Fulv are presented in columns 2 and 3, respectively. “Mean Diff” is 

the mean change among Fulv patients (column 3) subtracted from the mean change among 

patients in the Combo arm (column 2).



Fulv W5 vs BL Combo W5 vs BL

Supplementary Figure 12. Select immune pathway enrichment by treatment of Fulvestrant-

only or in combination with enzalutamide. GSEA plots displaying select pathways in each 

comparison (a, b). Below the enrichment score are ticks indicating the ranked positions of genes 

from each gene set (positive to negative fold-change). c Table displaying GSEA statistics for select 

gene sets. FDR, false discovery rate; NES, normalized enrichment score.



Predictor Estimate CI p-value

IHC 1.05 1.04 ‒ 1.05 <0.001

Supplementary Discussion 1. Ki67 Agreement Analysis

A linear mixed effect model with a random intercept for subject was used to assess the univariate 

association between RPPA Ki67 and IHC Ki67. RPPA Ki67 was log-transformed to improve model 

fit and one leverage point was removed. The regression line and its 95% prediction interval was 

plotted to assess agreement.1 The model was fit with the lme42 R package and plots were 

constructed with the ggeffects3 package. High levels of agreement between RPPA and IHC Ki67 at 

the given threshold are demonstrated.

IHC Ki67 is a highly significant predictor of RPPA Ki67 (p<0.001). The agreement between RPPA 

Ki67 and IHC Ki67 is visualized by a plot of the regression line and corresponding 95% prediction 

bands. The regression line estimates the expected value of log(RPPA Ki67) based on IHC Ki67. 

The 95% prediction interval shows the uncertainty around the prediction estimate and the scattered 

points represent the observed values. Since the observed values generally fall within the prediction 

interval, this plot indicates good agreement at the given threshold.
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Supplementary Data 1. Gene expression analysis from RNA from baseline (BL) and 
week 5 (W5) of treatment tumors. Differential gene expression of fulvestrant-treated 
samples at W5 as compared to matched baseline analyzed as described in methods.

Supplementary Data 2. Gene expression analysis from RNA from baseline (BL) and 
week 5 (W5) of treatment tumors. Differential gene expression of combination-treated 
samples at W5 as compared to matched baseline analyzed as described in methods.

Supplementary Data 3. Gene set enrichment analysis (GSEA) from gene expression 
analysis of RNA from baseline (BL) versus week 5 (W5) of treatment. Fulvestrant-
treated samples at W5 as compared to matched BL.

Supplementary Data 4. Gene set enrichment analysis (GSEA) from gene expression 
analysis of RNA from baseline (BL) versus week 5 (W5) of treatment. Combination-
treated samples at W5 as compared to matched BL.
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