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ABSTRACT
◥

Background: Caveolin-1 and -2 (CAV1/2) dysregulation are
implicated in driving cancer progression and may predict response
to nab-paclitaxel. We explored the prognostic and predictive
potential of CAV1/2 expression for patients with early-stage
HER2-negative breast cancer receiving neoadjuvant paclitaxel-
based chemotherapy regimens, followed by epirubicin and
cyclophosphamide.

Patients and Methods: We correlated tumor CAV1/2 RNA
expression with pathologic complete response (pCR), disease-free
survival (DFS), and overall survival (OS) in the GeparSepto trial,
which randomized patients to neoadjuvant paclitaxel- versus nab-
paclitaxel–based chemotherapy.

Results: RNA sequencing data were available for 279 patients, of
which 74 (26.5%) were hormone receptor (HR)–negative, thus
triple-negative breast cancer (TNBC). Patients treated with nab-
paclitaxel with high CAV1/2 had higher probability of obtaining a
pCR [CAV1 OR, 4.92; 95% confidence interval (CI), 1.70–14.22;
P ¼ 0.003; CAV2 OR, 5.39; 95% CI, 1.76–16.47; P ¼ 0.003] as

compared with patients with high CAV1/2 treated with solvent-
based paclitaxel (CAV1 OR, 0.33; 95% CI, 0.11–0.95; P ¼ 0.040;
CAV2 OR, 0.37; 95% CI, 0.12–1.13; P ¼ 0.082). High CAV1
expression was significantly associated with worse DFS and OS
in paclitaxel-treated patients (DFS HR, 2.29; 95% CI, 1.08–4.87;
P¼ 0.030; OSHR, 4.97; 95%CI, 1.73–14.31; P¼ 0.003). HighCAV2
was associated with worse DFS and OS in all patients (DFS HR,
2.12; 95% CI, 1.23–3.63; P¼ 0.006; OS HR, 2.51; 95% CI, 1.22–5.17;
P ¼ 0.013), in paclitaxel-treated patients (DFS HR, 2.47; 95% CI,
1.12–5.43; P ¼ 0.025; OS HR, 4.24; 95% CI, 1.48–12.09; P ¼ 0.007)
and in patients with TNBC (DFS HR, 4.68; 95% CI, 1.48–14.85;
P ¼ 0.009; OS HR, 10.43; 95% CI, 1.22–89.28; P ¼ 0.032).

Conclusions: Our findings indicate high CAV1/2 expression
is associated with worse DFS and OS in paclitaxel-treated
patients. Conversely, in nab-paclitaxel–treated patients, high
CAV1/2 expression is associated with increased pCR and no
significant detriment to DFS or OS compared with low CAV1/2
expression.

Introduction
Breast cancer is the most common type of cancer and a leading

cause of cancer-related mortality in women (1). Classification and
treatment of patients with breast cancer is usually based on the
expression status of hormone estrogen receptor (ER), progesterone
receptor (PR), and HER2 (2). Over the last couple of decades, the
survival of patients with breast cancer has been greatly improved with
multidisciplinary management. However, many patients die of breast
cancer, and patients whose tumors have negative expression of ER, PR,
and HER2 [triple-negative breast cancer (TNBC)] have a worse
prognosis (1, 3, 4). Therefore, it is important to identify and validate
biomarkers to prognosticate and predict efficacy of therapy for patients
with HER2-negative breast cancer, both independent of and depen-
dent on hormone receptor (HR) status.

Caveolae are 50 to 100 nm flask-shaped membrane invaginations,
which play a pivotal role in endocytosis and transcytosis of nutrients
and substances, including albumin (5, 6). Caveolae also play important
roles in signal transduction, including EGFR, PDGRF, and IGFR
signaling pathways (7–9). Caveolin-1 and -2 proteins, encoded by
caveolin-1 (CAV1) and caveolin-2 (CAV2) genes, respectively, are
responsible for the formation of caveolae (9, 10). In particular, CAV1 is
the principal structural component of caveolae, whereas CAV2 is not
required for caveolae formation (5, 11). Overexpression of caveolin
family members has been implicated in driving breast cancer pro-
gression and also in predicting response to chemotherapy (12, 13).
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An association ofCav-1 protein expression response to nanoparticle
albumin-bound paclitaxel (nab-paclitaxel) response was evidenced by
findings in a phase II trial of patients with metastatic non–small cell
lung cancer treated with nab-paclitaxel and carboplatin wherein
improved response rates and survival were achieved if higher Cav-1
expression was found in the tumor microenvironment (14). In a
previous report based on in vitro studies, we proposed the mechanism
of action underlying the association of Cav-1 expression, and
enhanced nab-paclitaxel efficacy was increased uptake via caveo-
lae-mediated endocytosis (15) and a significant disease-free survival
(DFS) benefit.

On the basis of our own studies and a report that CAV1 expression
has been shown to be elevated in TNBC (16), we investigated associa-
tions between tumor CAV1 and CAV2 expression and response to
therapy in patients with HER2-negative early breast cancer in the
GeparSepto trial wherein patients received either solvent-based pac-
litaxel (paclitaxel) or nab-paclitaxel, followed by epirubicin and cyclo-
phosphamide chemotherapy for four cycles (every 3weeks; refs. 17, 18).
In the trial, weekly neoadjuvant nab-paclitaxel treatment elicited a
greater pathologic complete response (pCR) rate compared with
solvent-based paclitaxel (38% with nab-paclitaxel and 29% with
paclitaxel; P ¼ 0.00065) in patients with early breast cancer, and also
demonstrated a significant DFS benefit, but without an impact on
overall survival (OS; ref. 19–21).

Here, we present the results of a systematic correlation analysis of
tumor CAV1/2 RNA expression from available RNA sequencing
(RNA-seq) data derived from HER2-negative tumors with pCR, DFS,
and OS in the GeparSepto trial.

Methods
CAV1 and CAV2 RNA expression data

The GeparSepto trial (NCT01583426) enrolled 1,206 patients with
early-stage breast cancer (19–21) after written informed consent for
study participation and biomaterial collection. The study was
approved by the ethics committees/institutional review boards and
the competent authority. The study was approved by the Institutional
Review Board at each study center, and was conducted according to
the principles of Good Clinical Practice and the Declaration of
Helsinki, with monitoring by an academic steering committee.

Pretherapy tissue was analyzed for RNA expression for all HER2-
negative tumors with biomaterial available, tumor content of ≥ 20%,

and satisfactory RNA quality. Of the 810 patients with HER2-negative
tumors, RNA-seq data were available for 279 patients (predefined
analyzed population). The remaining 531 patients with HER2-
negative breast cancer were defined as the unanalyzed population.
For RNA-seq data, CAV1 and CAV2 values were log-transformed
and then z-transformed (Supplementary Figs. S1A-S1D). CAV1 and
CAV2 expression values in all patients and in subgroups are shown in
Supplementary Table S1. Data derived fromTheCancerGenomeAtlas
(TCGA) on breast invasive carcinoma were analyzed for CAV1 and
CAV2 RNA and protein (for CAV1) expression using cBioportal
(www.cbioportal.org, Firehose Legacy dataset).

Statistical analysis
Statistical analysis was performed using R version 3.3.2

(https://www.R-project.org/). To analyze the effect of CAV1/2 expres-
sion on pCR, logistic regression models were used; the effect on DFS
and OS was analyzed by Cox regression models. Covariables for re-
gression models were age (continuous), T-stage (continuous: T1 ¼ 1,
T2¼ 2, T3¼ 3, T4¼ 4), N-stage (continuous: N0¼ 0, N1¼ 1, N2¼ 2,
N3¼ 3), tumor grade (G3 vs. G1–2), Ki67 (continuous), and histology
(nonductal vs. ductal). We created “univariate” and “bivariate”
(biomarker and the treatment subgroup) regression models without
covariables and “multivariate” models each containing all covari-
ables. For CAV1 and CAV2, outcomes were analyzed by continuous
expression, which refers to a one-unit increase after transformation,
or by dichotomization (<mean vs. ≥mean). For Kaplan–Meier (KM)
analysis, dichotomized variables were used to generate curves for
DFS and OS. All P values are two-sided; the level for significance is
0.05. No adjustments for multiple testing were applied; results are
interpreted as exploratory analyses.

Data availability statement
All relevant data are within this article and its supporting infor-

mation files. The data underlying the results presented in the study are
available from GBG. Some restrictions apply due to confidentiality of
patient data. Because these data are derived from a prospective clinical
trial with ongoing follow-up collection, there are legal and ethical
restrictions to share sensitive patient-related data publicly. Interested
groups may use the “Cooperation Proposal Form” (https://www.gbg.
de/en/research/trafo.php).

Data can be requested in context of a translational research project
by sending the form to trafo@gbg.de. Translational research proposals
are approved by the GBG scientific boards.

Results
RNA-seq data were available for 279 (34%) of 810 HER2-negative

patients in the trial. Of those, 74 (26.5%) of the patients were HR-
negative, while 205 (73.5%) were HR-positive. For HR-negative
patients, 34 received paclitaxel, while 40 received nab-paclitaxel. For
HR-positive patients, 103 received paclitaxel, while 102 received
nab-paclitaxel. The tumor and patient characteristics of the ana-
lyzed cohort were similar to the unanalyzed cohort (Supplementary
Tables S2 and S3) except for a lower percentage of patients with
HR-negative breast cancer in the analyzed subset compared with
the unanalyzed subset (26.5% vs. 38%) and a higher percentage of
patients with HR-positive breast cancer in the analyzed compared
with the unanalyzed population (73.5% vs. 62.0%). Otherwise,
the analyzed cohort is largely representative of the whole HER2-
negative cohort of the trial.

Translational Relevance

Classification and treatment of patients with breast cancer is
usually based on the expression status of hormone estrogen
receptor (ER), progesterone receptor (PR), and HER2. Patients
with breast cancer with tumors classified as ER, PR, and HER2-
negative (triple-negative breast cancer), have a worse prognosis.
Therefore, it is important to identify and validate biomarkers to
prognosticate and predict efficacy of therapy for patients with
HER2-negative breast cancer. We explored the prognostic and
predictive potential of Caveolin-1 and -2 RNA expression for
patients with early-stage HER2-negative breast cancer randomized
to receive neoadjuvant paclitaxel or nab-paclitaxel–based chemo-
therapy in the GeparSepto trial. Our findings may support ther-
apeutic decision making in HER2-negative breast cancer.
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CAV2 expression is upregulated in patients with TNBC
CAV1 andCAV2RNAexpressionwere directly correlatedwith each

other (Pearson correlation coefficient 0.452, Supplementary Fig. S2A).
Consistent with these findings, analysis of the invasive breast carci-
nomaTCGAdatabase containing 1,101 samples also showed a positive
correlation of CAV1 with CAV2 RNA expression (Pearson coefficient
0.84, Supplementary Fig. S2B). In the GeparSepto trial, there was no
difference in CAV1 expression between HR-negative and HR-positive
patients (median, 0.04 vs.�0.01;Wilcoxon P value¼ 0.633). However,
HR-negative (thus TNBC) patients had significantly higher CAV2
expression than HR-positive patients (median, 0.16 vs. �0.19; Wil-
coxon P value ¼ 0.003; Supplementary Fig. S2C).

pCR
The pCR (ypT0/N0) rates for the various subgroups are shown in

Supplementary Table S4. In the multivariate regression models with
interaction tests, CAV1 and CAV2 expression were not significantly
associated with pCR, independent of HR status (Table 1; Supplemen-
tary Table S5A). As a continuous or dichotomized (mean) variable,
CAV1/2 was not significantly associated with pCR in univariate or
multivariate prognostic regression models in any subgroups (all G7,
HR-negative, HR-positive, paclitaxel, or nab-paclitaxel), although
there was a trend for CAV1/2 (mean) to be associated with pCR in
the multivariate prognostic regression model for the paclitaxel-treated
subgroup (Supplementary Table S5A). Next, we tested the interaction
betweenCAV1 andCAV2 expression and treatment group with regard
to pCR. In patients with lowCAV1 andCAV2 expression, there was no
significant association with pCR between paclitaxel and nab-paclitaxel
subgroups (Table 2). However, high CAV1 expression was associated
with a higher chance of having a pCR with nab-paclitaxel compared
with paclitaxel (OR, 4.92; 95% CI, 1.70–14.22; P¼ 0.003; Pinteraction ¼
0.02). Similar findings were seen with high CAV2 (OR, 5.39; 95% CI,
1.76–16.47; P ¼ 0.003; Pinteraction ¼ 0.02). In patients treated with
paclitaxel, highCAV1 expressionwas associatedwith a lower chance of
having a pCR compared with patients with low CAV1 (OR, 0.33; 95%

CI, 0.11–0.95; P ¼ 0.040). A similar trend was observed with CAV2
(OR, 0.37; 95% CI, 0.12–1.13; P ¼ 0.082). Full results can be found in
Supplementary Tables S5A, S5B.

DFS
KM survival curve analysis showed no significant difference in DFS

according to high or low CAV1 expression in the overall cohort
(Fig. 1A). Similar results were obtained from Cox regression models
(Supplementary Table S5C). No differences between HR-positive and
HR-negative subgroups were found (Table 1). CAV2 significantly
predictedDFS in the overall cohort inKManalysis (Fig. 2A,P¼ 0.012)
and regression analysis (Supplementary Table S5C, univariate:
P ¼ 0.013, multivariate: P ¼ 0.006). Although in multivariate regres-
sion models with interaction tests, CAV2 expression did not predict
for DFS in patients with HR-negative or HR-positive breast cancer
(Table 1), more detailed analyses in subgroups revealed that high
CAV2 (above mean) prognosticates worse DFS in HR-negative breast
cancer (multivariate HR, 4.68; 95% CI, 1.48–14.85; P ¼ 0.009; Sup-
plementary Table S5C).

High CAV1 expression (above mean) was significantly associated
with worse DFS in patients treated with paclitaxel in the univariate
(HR, 2.42; 95% CI, 1.18–5.00; P ¼ 0.017) and multivariate (HR, 2.29;
95% CI, 1.08–4.87; P ¼ 0.031) regression models (Supplementary
Table S5C) with similar results in KManalyses (Fig.1B; P¼ 0.013). No
significance was observed in the nab-paclitaxel arm (Fig. 1C). The two
arms behaved differently in an interaction model with borderline
significance (P¼ 0.077; Table 2). Interestingly, high CAV1 expression
was significantly associated with worse DFS in the HR-negative
patients (Fig. 1D), but not HR-positive patients (Fig. 1E) by KM
analyses.

In contrast to CAV1, high CAV2 (above mean) was associated with
worse DFS in all patients in the univariate (HR, 1.93; 95% CI,
1.15–3.25; P ¼ 0.013), multivariate (HR, 2.12; 95% CI, 1.23–3.63;
P ¼ 0.006) models (Supplementary Table S5C), and in KM analysis
(Fig. 2A; P ¼ 0.012). No significant interaction between low vs. high

Table 1. Multivariate regression models with interaction test between CAV1/2 (dichotomized at mean) and HR status.

CAV1 CAV2
HR-negative HR-positive HR-negative HR-positive

Endpoint OR/HR (95% CI) OR/HR (95% CI) P OR/HR (95% CI) OR/HR (95% CI) P

ypT0N0 0.85 (0.31–2.33) 0.69 (0.28–1.70) 0.770 1.33 (0.48–3.68) 0.67 (0.26–1.70) 0.327
DFS 2.65 (0.95–7.41) 1.14 (0.61–2.14) 0.169 4.40 (1.44–13.46) 1.60 (0.84–3.05) 0.125
OS 3.10 (0.61–15.61) 1.80 (0.82–3.94) 0.551 9.38 (1.13–77.75) 2.05 (0.92–4.58) 0.186

Note: P values refer to the interaction.

Table 2. Multivariate regression models with interaction test between treatment arm (nab-paclitaxel vs. paclitaxel) and CAV1/CAV2
(dichotomized at mean).

CAV1 CAV2
Low High Low High

Endpoint OR/HR (95% CI) OR/HR (95% CI) P OR/HR (95% CI) OR/HR (95% CI) P

ypT0N0 0.94 (0.38–2.34) 4.92 (1.70–14.22) 0.023 0.95 (0.39–2.29) 5.39 (1.76–16.47) 0.019
DFS 1.37 (0.62–3.04) 0.53 (0.27–1.05) 0.077 0.96 (0.40–2.27) 0.70 (0.36–1.34) 0.575
OS 2.47 (0.78–7.80) 0.29 (0.11–0.77) 0.005 1.21 (0.36–4.06) 0.47 (0.20–1.10) 0.215

Note: P values refer to the interaction. Values less than our threshold for significant (P < 0.05) are bolded.
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CAV2 expression and nab-paclitaxel versus paclitaxel treatments with
respect to DFS was noted when adjusting by covariables (Table 2).
However, on KM analyses, high CAV2 expression was associated with
worse DFS in patients treated with paclitaxel (Fig. 2B), but not nab-

paclitaxel (Fig. 2C). Similar to CAV1, high CAV2 was significantly
associated with worse DFS in HR-negative patients (Fig. 2D), but not
HR-positive patients (Fig. 2E). Additional results can be found in
Supplementary Tables S5C, S5D.

Figure 1.

KMsurvival curve analysis of DFSwith CAV1 expression.A,All analyzed group.B,Paclitaxel-treated group.C,Nab-paclitaxel–treated group.D,HR-negative group.E,
HR-positive group. CAV1 expression dichotomized by the mean. P values are from long-rank test.
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OS
In the multivariate regression models for OS with tests for inter-

action between CAV1/2 expression and HR status, CAV2 had a
significant effect on OS in the HR-negative subgroup (HR 9.38;

95% CI, 1.13–77.75; P ¼ 0.038; Table 1), but no other subgroups,
including CAV1. High CAV1 (above mean) was associated with worse
OS in the paclitaxel-treated patients, similar to DFS, in the univariate
(HR, 4.28; 95% CI, 1.57–11.69; P¼ 0.005) and multivariate regression

Figure 2.

KMsurvival curve analysis ofDFSwith CAV2expression.A,All analyzedgroup.B,Paclitaxel-treatedgroup.C,Nab-paclitaxel–treatedgroup.D,HR-negative group.E,
HR-positive group. CAV2 expression dichotomized by the mean. P values are from long-rank test.
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models (HR, 4.97; 95% CI, 1.73–14.31; P ¼ 0.003; Supplementary
Table S5C). No significant differences in all patients or in the other
subgroups were noted (HR-negative, HR-positive, nab-paclitaxel).
Likewise, high CAV2 (above mean) was associated with worse
OS not only in paclitaxel-treated patients (multivariate HR,
4.24; 95% CI, 1.48–12.09; P ¼ 0.007), but also in all patients
(multivariate HR, 2.51; 95% CI, 1.22–5.17; P ¼ 0.013), and in the

HR-negative subgroup (multivariate HR, 10.43; 95% CI, 1.22–
89.28; P ¼ 0.032). Full results can be found in Supplementary
Tables S5C, S5E.

We also tested the interaction between CAV1/2 expression and the
treatment arm with regard to OS (Table 2). In patients with lowCAV1
expression, OS was not significantly different between paclitaxel and
nab-paclitaxel subgroups. However, patients with high CAV1

Figure 3.

KM survival curve analysis of OSwith CAV1 expression.A,All analyzed group.B, Paclitaxel-treated group. C,Nab-paclitaxel–treated group.D,HR-negative group. E,
HR-positive group. CAV1 expression dichotomized by the mean. P values are from long-rank test.
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expression had a better OS (HR, 0.29; 95% CI, 0.11–0.77; P ¼ 0.013;
Pinteraction¼ 0.005) when treated with nab-paclitaxel as compared with
paclitaxel; whereas patients with high CAV1 expression treated with
paclitaxel had a worse OS compared with patients with low CAV1
(HR, 5.12; 95% CI, 1.81–14.45; P¼ 0.002; Supplementary Table S5E).
In patients with low or high CAV2 expression, OS was not signi-
ficantly different according to treatment.

KM survival curve analysis demonstrated no significant differ-
ences in OS for all patients (Fig. 3A), but high CAV1 expression was

associated with worse OS in the paclitaxel-treated patients (Fig. 3B,
P ¼ 0.002). No differences were observed on the basis of CAV1
expression in the nab-paclitaxel–treated (Fig. 3C), HR-negative
(Fig. 3D), or the HR-positive (Fig. 3E) subgroups. Intriguingly, high
CAV2 expression was significantly associated with worse OS for
all patients (Fig. 4A; P ¼ 0.044) and a trend toward worse OS in
paclitaxel-treated patients (Fig. 4B). There was no clear difference in
OS based on CAV2 expression for patients treated with nab-paclitaxel
(Fig. 4C). The worse survival for high CAV2 expression in all

Figure 4.

KM survival curve analysis of OSwith CAV2 expression.A,All analyzed group.B, Paclitaxel-treated group.C,Nab-paclitaxel–treated group.D,HR-negative group. E,
HR-positive group. CAV2 expression dichotomized by the mean. P values are from long-rank test.
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patients was probably driven by the HR-negative subgroup (Fig. 4D;
P ¼ 0.037), not the HR-positive (Fig. 4E) subgroup.

Discussion
In this study, we have investigated the role of CAV1 and CAV2 as a

prognostic/predictive biomarker in theGeparSepto trial, a randomized
phase III trial testing a nab-paclitaxel–based versus paclitaxel-based
chemotherapy for patients with early-stage breast cancer (19–21).
While our findings are restricted to theHER2-negative patients on this
trial, we find that high CAV1/2 is associated with the lowest chances of
obtaining a pCR with paclitaxel. In addition, higher CAV1 expression
is significantly associated with worse DFS and OS in patients treated
with paclitaxel, but not with nab-paclitaxel. CAV2, commonly co-
expressed withCAV1, showed similar findings in the paclitaxel-treated
arm. In addition, CAV2 levels are elevated in HR-negative breast
cancer compared with HR-positive breast cancer, and higher CAV2
expression is associated with worse DFS and OS in all patients,
particularly in the HR-negative cohort.

CAV1 is a 21–22-kD transmembrane protein enriched in caveolae,
and its upregulation has been observed in human melanoma, lung
adenocarcinoma, prostate cancer, and renal cell carcinoma (22–26).
High CAV1 expression is associated with increased metastasis and
poor prognosis in prostate, colon, esophageal squamous cell, liver, and
lung cancer (23, 24, 27–31). Importantly, CAV1protein expression has
been shown to be upregulated in the cancer cells of basal-like breast
cancer, particularly TNBC (16, 32). However, no differences in CAV1
RNA expression were observed in our study betweenHR-negative and
HR-positive, HER2-negative breast cancer. The frequent overexpres-
sion of CAV1 in aggressive breast cancer subtypesmay be due toCAV1
gene promoter hypomethylation (33). CAV1may promote the tumor-
igenesis of breast cancer via involvement in various processes includ-
ing interacting with Rho-GTPases to stimulate a5-integrin expression
and the Src-dependent activation of p130Cas/Rac1, FAK/Pyk2, and
Ras/Erk1/2 signaling cascades (12, 13, 34).

Emerging evidence suggests a role for CAV1 in anticancer drug
resistance, such as taxane-based chemotherapies. Higher CAV1 pro-
tein expression has been linked to paclitaxel resistance in many
preclinical studies (35–40). Silencing CAV1 by siRNA sensitized
A549 and CD133þ pancreatic cancer cells to taxane chemothera-
py (41, 42). CAV1 was also found to be associated with acquired
resistance in paclitaxel-resistant hepatocarcinoma Hep3B cells and
downregulation of CAV1 by siRNA sensitized the cells to paclitax-
el (38). Interestingly, it was recently found that pharmacologic down-
regulation of CAV1 sensitized breast cancer cells to paclitaxel, which
was abolished by CAV1 overexpression (43). This evidence suggests
an important role for CAV1 upregulation in paclitaxel resistance. We
observed that high CAV1 expression was significantly associated with
worse DFS andOS in paclitaxel-treated patients. In addition, we found
that CAV1 and CAV2 expression were directly correlated with each
other in both our dataset and TCGA database. This may explain our
finding that high CAV2 expression was also significantly associated
with worse DFS and OS in paclitaxel-treated patients. However, the
exact molecular mechanisms by which CAV1 and CAV2 lead to
paclitaxel resistance in breast cancer warrant further in-depth pre-
clinical exploration.

Both CAV1 and CAV2 are the principal structural components of
caveolae, which are important for albumin uptake in cells (9). Albumin
is the primary plasma protein, and the plasma interstitial albumin
concentration gradient is critical in regulating tissue fluid balance (44).
Endothelial cell surface gp60 glycoprotein (also called albondin) is

localized and enriched in caveolae and promotes albumin binding and
activation of transcellular albumin transport via caveolae-mediated
transcytosis across the endothelial cell monolayer (45). Interaction of
gp60 with CAV1 is thought to be a key step in caveolae formation
induced by gp60 and migration of the vesicles to the basolateral
membrane, followed by the activation of Gi-coupled Src kinase
signaling pathway (46). Amounting data have demonstrated that
albumin is an effective vehicle for drug delivery (47). We previously
reported that CAV1 plays a critical role in the uptake and response of
nab-paclitaxel in cancer cells. CAV1 protein levels are positively
correlated with nab-paclitaxel sensitivity, while CAV1 downregula-
tion reduced the uptake of albumin and nab-paclitaxel leading to
nab-paclitaxel resistance, which was reversed by CAV1 overexpres-
sion (15). To develop albumin-based chemotherapies selective
for tumors with high CAV1 expression or high levels of caveolar-
endocytosis, we recently developed a novel protein–drug conju-
gate consisting of human serum albumin conjugated to 7-ethyl-10-
hydroxy-camptothecin (targeting DNA topoisomerase I), called
SSH20. Our results demonstrated that SSH20 is potent, effective,
safe, and has improved efficacy in high CAV1-expressing tumors
in vitro and in vivo (48). With the rapid progress and increased
application of RNA-seq and proteomics of cancer in clinic practices,
detection of CAV1/2 RNA and protein expression may be important
for the stratification of patients for the treatment with or without
albumin conjugates.

In the current study, we found that although high CAV1/2 expres-
sion is associatedwithworseDFS andOS in paclitaxel-treated patients,
there was no difference in DFS and OS based on CAV1/2 expression in
the nab-paclitaxel–treated group. Moreover, high CAV1/2 was asso-
ciated with a higher chance of obtaining a pCR in the nab-paclitaxel
compared with the paclitaxel subgroup. Taken together, it is possible
that higher CAV1/2 expression might lead to enhanced nab-paclitaxel
uptake, leading to an offset of the negative implications of higher
CAV1/2 expression observed in paclitaxel-treated tumors. Important-
ly, theGeparSepto phase III trial showed that patients treatedwith nab-
paclitaxel had a 1.5 times higher chance of having a pCR compared
with paclitaxel (P < 0.001; refs. 19–21). The largest improvement was
noted in patients withHER2-negative, HR-negative disease, which had
a 2.6-times increased chance of having a pCR (P < 0.001; ref. 19). Our
analysis revealed that high CAV2 was significantly associated with
worse DFS and OS in all patients. High CAV1 was significantly
associated with worse DFS only in patients with TNBC. In addition,
CAV2 expression was significantly upregulated in HR-negative com-
pared with HR-positive disease.

We found that patients with high CAV1 appeared to significantly
benefit from nab-paclitaxel compared with paclitaxel with regards to
pCR, DFS (trend), and OS. These significant differences were not
apparent in the HR-negative subgroup. In addition, we found that
patients with tumors expressing high CAV2 significantly benefited
from treatment with nab-paclitaxel compared with paclitaxel in terms
of pCR, but not DFS and OS. This was especially true for patients with
HR-negative tumors. These data suggest distinct roles for CAV1 and
CAV2 as prognostic and predictive biomarkers for nab-paclitaxel.
While the functions of CAV1 have been extensively studied, data on
CAV2 are limited. Our data have shed new light on the potential
importance of CAV2 in breast cancer, especially HER2-negative, HR-
negative breast cancer that lacks targeted therapy options with very
poor prognosis (49).

Some strengths of our study include that the analysis was conducted
in patients enrolled in a prospective, randomized controlled clinical
trial, the statistical analysis was rigorous and included a multivariate
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analysis, and the molecular analysis was hypothesis-based by virtue of
being a natural progression from prior preclinical and clinical studies.
In addition, sample collection was prospectively planned and part of
the trial. However, there are several limitations in the current study.
First, the RNA-seq analysis was restricted to HER2-negative patients
and limited to 279 patients of the 810 HER2-negative patients due to
cost, tissue availability, and tissue quality.We did note an imbalance of
HR-positive patients in our group of analyzed patients (Supplemen-
tary Table S2), which could have affected the results of the whole
analyzed population. Otherwise, the cohort of analyzed patients was
largely representative for the overall HER2-negative study population.
Nevertheless, the small sample size of 74 patients in the TNBC group
does potentially limit the strength of the conclusions that can be drawn
from this group (including the pCR findings). In addition, we have not
yet analyzed the association of breast cancer CAV1/2 stromal expres-
sion with clinical outcomes, as a number of studies have linked stromal
CAV1 with response to nab-paclitaxel regimens, albeit with differing
results (14, 50). Thus, the predictive role of stromal CAV1 in nab-
paclitaxel response may be cancer type–dependent and needs more
evaluation. Second, this study analyzed the association of CAV1/2
RNA expression but not CAV1/2 protein expression with outcomes.
We found that there was a positive correlation of RNA with protein
expression of CAV1 in the TCGA breast carcinoma dataset (Supple-
mentary Fig. S3). Therefore, it will be critical to validate this correla-
tion and further analyze the protein expression of CAV1 and CAV2 in
the tumor and stromal cells of breast tumor tissues. Finally, our
findings need to be validated through PCR and/or additional clinical
trials containing complete RNA-seq data with both HER2-negative
and HER2-positive cancers.

In summary, we have demonstrated that CAV1 and CAV2 RNA
expression levels can have prognostic/predictive value in early-stage
HER2-negative breast cancer with regard to short (pCR) and long term
(DFS, OS) outcomes for patients treated with either paclitaxel or
nab-paclitaxel–based chemotherapy. This study highlights CAV1/2 as
potential biomarkers of response and prognosis for patients with
HER2-negative breast cancer treated with paclitaxel or nab-paclitaxel
andmay support therapeutic decision-making based onCAV1/2 expres-
sion status. Further validation is warranted in prospective studies.
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Supplementary Figure S1. CAV1 and CAV2 before (A, C) and after (B, D) 


transformation of the continuous expression values.
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Supplementary Figure S2. CAV1 and CAV2 expression in breast cancer. (A)  Correlation between CAV1 and 


CAV2 RNA expression in HR-positive and HR-negative (TNBC) patients in the GBG69 trial. (B) Correlation 


between CAV1 and CAV2 RNA expression in the TCGA invasive breast carcinoma database. (C) CAV1/2


expression in HR-positive and HR-negative patients. Note for CAV2 expression, there is significantly higher 


expression in HR-negative patients.  P-values are from a Wilcoxon test.
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Supplementary Figure S3. CAV1 RNA expression is 


positively correlated with CAV1 protein expression in 


the TCGA invasive breast carcinoma database. 
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Supplementary Table S1. The mean and median of transformed CAV1 and CAV2 RNA expression in the subgroups.





		Subgroup

		n

		CAV1 mean

		CAV1 median

		CAV2 mean

		CAV2 median



		all 

		279

		0.00

		0.02

		0.00

		-0.06



		HR-neg 

		74

		0.08

		0.04

		0.37

		0.16



		HR-pos 

		205

		-0.03

		-0.01

		-0.13

		-0.19



		npac 

		142

		0.15

		0.11

		0.05

		-0.06



		pac 

		137

		-0.15

		-0.13

		-0.05

		-0.07





pac: paclitaxel-based chemotherapy; npac: nab-paclitaxel-based chemotherapy; HR-neg: hormone-receptor negative (TNBC); HR-pos:  hormone-receptor positive



Supplementary Table S2. Differences between analyzed (n=279) and un-analyzed (n=531) HER2-negative patients on GBG69 (categorical variables).



		Parameter

		Category

		Un-analyzed

		Analyzed

		Overall

		p-value



		

		

		531 (100.0%)

		279 (100.0%)

		810 (100.0%)

		



		

		

		N (%)

		N (%)

		N (%)

		



		Hormone receptor

		neg

		202 (38.0%)

		74 (26.5%)

		276 (34.1%)

		0.0010



		

		pos

		329 (62.0%)

		205 (73.5%)

		534 (65.9%)

		



		T-stage 

		T1

		174 (33.1%)

		92 (33.2%)

		266 (33.1%)

		0.3680



		

		T2

		272 (51.7%)

		155 (56.0%)

		427 (53.2%)

		



		

		T3

		45 (8.6%)

		17 (6.1%)

		62 (7.7%)

		



		

		T4

		35 (6.7%)

		13 (4.7%)

		48 (6.0%)

		



		

		missing

		5

		2

		7

		



		N-stage

		N0

		333 (64.3%)

		181 (65.6%)

		514 (64.7%)

		0.4295



		

		N1

		168 (32.4%)

		88 (31.9%)

		256 (32.2%)

		



		

		N2

		12 (2.3%)

		7 (2.5%)

		19 (2.4%)

		



		

		N3

		5 (1.0%)

		0 (0.0%)

		5 (0.6%)

		



		

		missing

		13

		3

		16

		



		Histologic grade

		G1-2

		235 (44.3%)

		117 (41.9%)

		352 (43.5%)

		0.5511



		

		G3

		296 (55.7%)

		162 (58.1%)

		458 (56.5%)

		



		Histology

		ductal

		445 (83.8%)

		233 (83.5%)

		678 (83.7%)

		0.9205



		

		non-ductal

		86 (16.2%)

		46 (16.5%)

		132 (16.3%)

		



		CAV1 (mean)

		low

		0

		138 (49.5%)

		138 (49.5%)

		n.a.



		

		high

		0

		141 (50.5%)

		141 (50.5%)

		



		

		missing

		531

		0

		531

		



		CAV2 (mean)

		low

		0

		151 (54.1%)

		151 (54.1%)

		n.a.



		

		high

		0

		128 (45.9%)

		128 (45.9%)

		



		

		missing

		531

		0

		531

		



		Therapy regimen

		pac

		266 (50.1%)

		137 (49.1%)

		403 (49.8%)

		    0.8245



		

		npac

		265 (49.9%)

		142 (50.9%)

		407 (50.2%)

		



		ypT0N0

		no

		420 (79.1%)

		212 (76.0%)

		632 (78.0%)

		  0.3265



		

		yes

		111 (20.9%)

		67 (24.0%)

		178 (22.0%)

		





CAV1/2(mean): continuous CAV1/2 expression dichotomized by the mean expression of the cohort; pac: paclitaxel-based chemotherapy; npac: nab-paclitaxel-based chemotherapy.






Supplementary Table S3. Differences between analyzed (n=279) and un-analyzed (n=531) HER2-negative patients on GBG69 (continuous variables).



		Parameter

		Measure

		Un-analyzed

		Analyzed

		Overall

		p



		Age

		mean

		50

		49

		50

		0.2473



		

		std

		11

		11

		11

		



		

		median

		49

		49

		49

		



		

		min, max

		21, 75

		22, 76

		21, 76

		



		

		Q1, Q3

		43, 57

		42, 55

		43, 57

		



		

		IQR

		14

		13

		14

		



		Ki67

		mean

		42

		45

		43

		0.0779



		

		std

		27

		26

		26

		



		

		median

		40

		40

		40

		



		

		min, max

		0, 95

		1, 95

		0, 95

		



		

		Q1, Q3

		20, 68

		20, 70

		20, 70

		



		

		IQR

		48

		50

		50

		



		

		missing

		2

		0

		2

		



		

		

		

		

		

		



		CAV1 (before transform)

		mean

		

		25.3

		25.3

		n.a.



		

		std

		

		16.1

		16.1

		



		

		median

		

		22.6

		22.6

		



		

		min, max

		

		0.8, 165.0

		0.8, 165.0

		



		

		Q1, Q3

		

		16.7, 30.2

		16.7, 30.2

		



		

		IQR

		

		13.5

		13.5

		



		

		missing

		531

		0

		531

		



		

		

		

		

		

		



		CAV1 (after transform)

		mean

		

		-0.00

		-0.00

		n.a.



		

		std

		

		1.00

		1.00

		



		

		median

		

		0.02

		0.02

		



		

		min, max

		

		-4.31, 4.20

		-4.31, 4.20

		



		

		Q1, Q3

		

		-0.58, 0.60

		-0.58, 0.60

		



		

		IQR

		

		1.17

		1.17

		



		

		missing

		531

		0

		531

		



		

		

		

		

		

		



		CAV2 (before transform)

		mean

		

		20.8

		20.8

		n.a.



		

		std

		

		8.3

		8.3

		



		

		median

		

		19.3

		19.3

		



		

		min, max

		

		6.3, 70.9

		6.3, 70.9

		



		

		Q1, Q3

		

		15.8, 24.3

		15.8, 24.3

		



		

		IQR

		

		8.6

		8.6

		



		

		missing

		531

		0

		531

		



		

		

		

		

		

		



		CAV2 (after transform)

		mean

		

		0.00

		0.00

		n.a.



		

		std

		

		1.00

		1.00

		



		

		median

		

		-0.06

		-0.06

		



		

		min, max

		

		-2.62, 4.02

		-2.62, 4.02

		



		

		Q1, Q3

		

		-0.61, 0.59

		-0.61, 0.59

		



		

		IQR

		

		1.20

		1.20

		



		

		missing

		531

		0

		531

		



		

		

		

		

		

		





















































Supplementary Table S4. pCR (ypT0N0) rates for the various subgroups.



		

		

		



		Subgroup

		n(pCR)/n(total), (pCR rate %)

		Confidence interval for pCR rate (Clopper-Pearson, %)



		Nab-paclitaxel (all G7)

		110/407 (27)

		(23-32)



		Paclitaxel (all G7)

		68/403 (17)

		(13-21)



		Nab-paclitaxel (analysis set G7)

		41/142 (29)

		(22-37)



		Paclitaxel (analysis set G7)

		26/137 (19)

		(13-27)



		High CAV1

		29/141 (21)

		(14-28)



		Low CAV1

		38/138 (28)

		(20-36)



		Nab-paclitaxel, high CAV1

		21/80 (26)

		(17-37)



		Nab-paclitaxel, low CAV1

		20/62 (32)

		(21-45)



		Paclitaxel, high CAV1

		8/61 (13)

		(6-24)



		Paclitaxel, low CAV1

		18/76 (24)

		(15-35)



		High CAV2

		28/128 (22)

		(15-30)



		Low CAV2

		39/151 (26)

		(19-34)



		Nab-paclitaxel, high CAV2

		21/68 (31)

		(20-43)



		Nab-paclitaxel, low CAV2

		20/74 (27)

		(17-39)



		Paclitaxel, high CAV2

		7/60 (12)

		(5-23)



		Paclitaxel, low CAV2

		19/77 (25)

		(16-36)





pCR= pathological complete response.





























Supplementary Table S5A. Prognostic regression model for pathologic complete response (pCR).



		Biomarker

		Subgroup

		Covariables

		n

		OR

		p



		CAV1 (cont.)

		all G7

		univariate

		279

		0.82 (0.62-1.08)

		0.1584



		

		

		multivariate

		274

		0.92 (0.67-1.26)

		0.5966



		

		HR-neg

		univariate

		74

		0.88 (0.62-1.26)

		0.4897



		

		

		multivariate

		74

		0.91 (0.61-1.35)

		0.6415



		

		HR-pos

		univariate

		205

		0.66 (0.42-1.03)

		0.0661



		

		

		multivariate

		200

		0.80 (0.46-1.41)

		0.4442



		

		npac

		univariate

		142

		0.82 (0.57-1.17)

		0.2716



		

		

		multivariate

		141

		1.08 (0.73-1.59)

		0.7129



		

		pac

		univariate

		137

		0.72 (0.46-1.14)

		0.1646



		

		

		multivariate

		133

		0.64 (0.38-1.09)

		0.1004



		CAV1(mean)

		all G7

		univariate

		279

		0.68 (0.39-1.19)

		0.1743



		

		

		multivariate

		274

		0.86 (0.45-1.65)

		0.6531



		

		HR-neg

		univariate

		74

		0.80 (0.32-2.01)

		0.641



		

		

		multivariate

		74

		0.83 (0.30-2.34)

		0.726



		

		HR-pos

		univariate

		205

		0.46 (0.20-1.04)

		0.0629



		

		

		multivariate

		200

		0.67 (0.26-1.72)

		0.4036



		

		npac

		univariate

		142

		0.75 (0.36-1.55)

		0.4339



		

		

		multivariate

		141

		1.98 (0.73-5.32)

		0.1772



		

		pac

		univariate

		137

		0.49 (0.20-1.21)

		0.1215



		

		

		multivariate

		133

		0.36 (0.13-1.04)

		0.058



		CAV2 (cont.)

		all G7

		univariate

		279

		1.03 (0.78-1.35)

		0.8398



		

		

		multivariate

		274

		1.09 (0.81-1.47)

		0.5667



		

		HR-neg

		univariate

		74

		0.93 (0.64-1.34)

		0.6894



		

		

		multivariate

		74

		1.04 (0.69-1.59)

		0.8379



		

		HR-pos

		univariate

		205

		0.72 (0.45-1.13)

		0.1555



		

		

		multivariate

		200

		0.84 (0.50-1.41)

		0.5078



		

		npac

		univariate

		142

		1.10 (0.79-1.54)

		0.5705



		

		

		multivariate

		141

		1.27 (0.87-1.86)

		0.2198



		

		pac

		univariate

		137

		0.86 (0.54-1.39)

		0.5465



		

		

		multivariate

		133

		0.79 (0.46-1.37)

		0.4011



		CAV2(mean)

		all G7

		univariate

		279

		0.80 (0.46-1.40)

		0.4416



		

		

		multivariate

		274

		1.05 (0.54-2.03)

		0.8958



		

		HR-neg

		univariate

		74

		0.80 (0.32-2.01)

		0.641



		

		

		multivariate

		74

		1.11 (0.39-3.18)

		0.8438



		

		HR-pos

		univariate

		205

		0.52 (0.23-1.20)

		0.126



		

		

		multivariate

		200

		0.82 (0.31-2.18)

		0.6863



		

		npac

		univariate

		142

		1.21 (0.58-2.49)

		0.6128



		

		

		multivariate

		141

		2.36 (0.90-6.21)

		0.0808



		

		pac

		univariate

		137

		0.40 (0.16-1.04)

		0.0591



		

		

		multivariate

		133

		0.36 (0.12-1.10)

		0.0734





Cont.= continuous variable

pac: paclitaxel-based chemotherapy; npac: nab-paclitaxel-based chemotherapy; HR-neg: hormone-receptor negative (TNBC); HR-pos:  hormone-receptor positive

OR= denotes the odd ratio with their 95% confidence intervals.  For the continuous biomarker variables, they denote a one unit increase (after transformation), while for the mean (dichotomized) variable, they denote a change from “low” to “high”.

p= Wald p-value for the null hypothesis OR=1.






Supplementary Table S5B. Regression models for treatment interaction for pCR.



		biomarker

		subgroup

		covariables

		n

		OR(pac)

		OR(npac)

		OR(low)

		OR(high)

		p(interaction)



		CAV1(cont.)

		all G7

		bivariate

		279

		 0.72 (0.46-1.14)

		 0.82 (0.57-1.17)

		

		

		0.6695



		

		

		multivariate

		274

		 0.62 (0.37-1.05)

		 1.06 (0.73-1.55)

		

		

		0.1088



		

		HR-neg G7

		bivariate

		74

		 0.82 (0.40-1.67)

		 0.74 (0.46-1.18)

		

		

		0.8062



		

		

		multivariate

		74

		 0.58 (0.25-1.33)

		 0.82 (0.47-1.41)

		

		

		0.5005



		

		HR-pos G7

		bivariate

		205

		 0.71 (0.39-1.31)

		 0.58 (0.30-1.14)

		

		

		0.6643



		

		

		multivariate

		200

		 0.58 (0.28-1.22)

		 1.18 (0.53-2.66)

		

		

		0.2147



		CAV1(mean)

		all G7

		bivariate

		279

		 0.49 (0.20-1.21)

		 0.75 (0.36-1.55)

		 1.53 (0.72-3.25)

		 2.36 (0.96-5.77)

		0.4708



		

		

		multivariate

		274

		 0.33 (0.11-0.95)

		 1.72 (0.69-4.28)

		 0.94 (0.38-2.34)

		 4.92 (1.70-14.22)

		0.0227



		

		HR-neg G7

		bivariate

		74

		 0.86 (0.21-3.55)

		 0.46 (0.12-1.86)

		 4.71 (1.08-20.63)

		 2.55 (0.67-9.65)

		0.5436



		

		

		multivariate

		74

		 0.40 (0.07-2.25)

		 0.83 (0.17-3.97)

		 2.62 (0.49-13.91)

		 5.37 (1.06-27.25)

		0.5480



		

		HR-pos G7

		bivariate

		205

		 0.29 (0.08-1.12)

		 0.62 (0.21-1.81)

		 0.99 (0.37-2.64)

		 2.09 (0.51-8.59)

		0.3948



		

		

		multivariate

		200

		 0.18 (0.04-0.89)

		 2.03 (0.54-7.62)

		 0.51 (0.15-1.76)

		 5.77 (1.09-30.43)

		0.0255



		CAV2(cont.)

		all G7

		bivariate

		279

		 0.86 (0.54-1.39)

		 1.10 (0.79-1.54)

		

		

		0.4123



		

		

		multivariate

		274

		 0.79 (0.46-1.37)

		 1.25 (0.87-1.80)

		

		

		0.1791



		

		HR-neg G7

		bivariate

		74

		 0.81 (0.40-1.63)

		 0.82 (0.51-1.32)

		

		

		0.9726



		

		

		multivariate

		74

		 0.57 (0.24-1.37)

		 1.08 (0.63-1.88)

		

		

		0.2376



		

		HR-pos G7

		bivariate

		205

		 0.85 (0.44-1.62)

		 0.62 (0.33-1.17)

		

		

		0.5087



		

		

		multivariate

		200

		 0.86 (0.39-1.88)

		 0.85 (0.42-1.71)

		

		

		0.9803



		CAV2(mean)

		all G7

		bivariate

		279

		 0.40 (0.16-1.04)

		 1.21 (0.58-2.49)

		 1.13 (0.55-2.34)

		 3.38 (1.32- 8.67)

		0.0712



		

		

		multivariate

		274

		 0.37 (0.12-1.13)

		 2.11 (0.86-5.18)

		 0.95 (0.39-2.29)

		 5.39 (1.76-16.47)

		0.0190



		

		HR-neg G7

		bivariate

		74

		 0.28 (0.06-1.31)

		 1.19 (0.32-4.42)

		 1.67 (0.42-6.56)

		 7.11 (1.58-32.06)

		0.1625



		

		

		multivariate

		74

		 0.08 (0.01-0.90)

		 3.90 (0.79-19.18)

		 0.59 (0.11-3.23)

		28.93 (2.90-289.09)

		0.0136



		

		HR-pos G7

		bivariate

		205

		 0.47 (0.14-1.61)

		 0.57 (0.18-1.79)

		 1.10 (0.43-2.83)

		 1.35 (0.34-5.40)

		0.8118



		

		

		multivariate

		200

		 0.58 (0.13-2.54)

		 1.12 (0.30-4.10)

		 1.04 (0.34-3.19)

		 2.00 (0.40-9.93)

		0.5137





Cont.= continuous variable

pac: paclitaxel-based chemotherapy; npac: nab-paclitaxel-based chemotherapy; HR-neg: hormone-receptor negative (TNBC); HR-pos:  hormone-receptor positive

OR(pac), OR(npac)= denotes the odds ratios for the biomarker in the pac and npac treatment arms with their 95% confidence interval.  These numbers describe how the outcome depends on the biomarker if the patient is treated with pac or npac. For the continuous biomarker variables (CAV1, CAV2) they refer to a one unit increase (after transformation), for the dichotomized variable (mean), they refer to a change from "low" to "high".

OR(low), OR(high)= denotes the odds ratios for the treatment arm in the subgroup defined as low or high by the biomarker. These numbers describe how the outcome depends on the treatment if the biomarker is low or high. The numbers (and their 95% confidence interval) refer to a change from the pac to the npac treatment regimen.

p = Wald p-value for the null hypothesis HR=1.



Supplementary Table S5C. Prognostic regression model for disease-free survival (DFS) and overall survival (OS)



		

		

		

		DFS

		OS



		biomarker

		subgroup

		covariables

		n

		HR (95%CI)

		p-value

		HR (95%CI)

		p-value



		CAV1 (cont.)

		all G7

		univariate

		279

		1.22 (0.95-1.57)

		0.1151

		 1.12 (0.80-1.56)

		0.5018



		

		

		multivariate

		274

		1.26 (0.99-1.60)

		0.0657

		 1.19 (0.87-1.64)

		0.2728



		

		HR-neg

		univariate

		74

		1.35 (0.99-1.85)

		0.0616

		 1.17 (0.69-1.97)

		0.5574



		

		

		multivariate

		74

		1.34 (0.96-1.86)

		0.0821

		 1.24 (0.72-2.14)

		0.4293



		

		HR-pos

		univariate

		205

		1.05 (0.74-1.51)

		0.782

		 1.12 (0.71-1.76)

		0.6275



		

		

		multivariate

		200

		1.18 (0.80-1.73)

		0.4068

		 1.41 (0.86-2.32)

		0.1688



		

		npac

		univariate

		142

		1.07 (0.75-1.52)

		0.7234

		 0.68 (0.40-1.16)

		0.1574



		

		

		multivariate

		141

		1.08 (0.77-1.51)

		0.6691

		 0.72 (0.43-1.21)

		0.2093



		

		pac

		univariate

		137

		1.68 (1.08-2.63)

		0.0228

		 2.17 (1.25-3.76)

		0.0057



		

		

		multivariate

		133

		1.86 (1.13-3.07)

		0.0152

		 2.80 (1.47-5.33)

		0.0017



		CAV1(mean)

		all G7

		univariate

		279

		1.42 (0.85-2.38)

		0.1797

		 1.68 (0.85-3.33)

		0.1389



		

		

		multivariate

		274

		1.46 (0.86-2.46)

		0.1582

		 1.90 (0.94-3.83)

		0.0724



		

		HR-neg

		univariate

		74

		2.68 (0.96-7.44)

		0.0589

		 2.70 (0.54-13.37)

		0.2244



		

		

		multivariate

		74

		2.63 (0.93-7.41)

		0.068

		 4.09 (0.71-23.42)

		0.1139



		

		HR-pos

		univariate

		205

		1.09 (0.59-2.02)

		0.7819

		 1.51 (0.70-3.26)

		0.2920



		

		

		multivariate

		200

		1.19 (0.63-2.23)

		0.5958

		 1.84 (0.84-4.05)

		0.1266



		

		npac

		univariate

		142

		0.83 (0.39-1.74)

		0.6132

		 0.55 (0.19-1.58)

		0.2680



		

		

		multivariate

		141

		0.89 (0.42-1.91)

		0.7701

		 0.59 (0.20-1.74)

		0.3400



		

		pac

		univariate

		137

		2.42 (1.18-5.00)

		0.0165

		 4.28 (1.57-11.69)

		0.0046



		

		

		multivariate

		133

		2.29 (1.08-4.87)

		0.0307

		 4.97 (1.73-14.31)

		0.0029



		CAV2 (cont.)

		all G7

		univariate

		279

		1.42 (1.12-1.80)

		0.0033

		 1.35 (0.99-1.84)

		0.0603



		

		

		multivariate

		274

		1.41 (1.12-1.78)

		0.0037

		 1.36 (1.01-1.82)

		0.0429



		

		HR-neg

		univariate

		74

		1.49 (1.08-2.06)

		0.0148

		 1.48 (0.90-2.44)

		0.1260



		

		

		multivariate

		74

		1.56 (1.12-2.17)

		0.0087

		 1.61 (0.97-2.66)

		0.0650



		

		HR-pos

		univariate

		205

		1.29 (0.89-1.87)

		0.1852

		 1.40 (0.88-2.21)

		0.1510



		

		

		multivariate

		200

		1.28 (0.89-1.84)

		0.1905

		 1.40 (0.92-2.14)

		0.1119



		

		npac

		univariate

		142

		1.33 (0.97-1.83)

		0.0777

		 1.22 (0.77-1.95)

		0.3965



		

		

		multivariate

		141

		1.25 (0.92-1.69)

		0.1589

		 1.05 (0.69-1.60)

		0.8153



		

		pac

		univariate

		137

		1.66 (1.11-2.47)

		0.0126

		 1.60 (0.99-2.59)

		0.0536



		

		

		multivariate

		133

		1.73 (1.13-2.63)

		0.0108

		 1.97 (1.18-3.28)

		0.0095



		CAV2(mean)

		all G7

		univariate

		279

		1.93 (1.15-3.25)

		0.0134

		 2.00 (1.01-3.96)

		0.0483



		

		

		multivariate

		274

		2.12 (1.23-3.63)

		0.0064

		 2.51 (1.22-5.17)

		0.0128



		

		HR-neg

		univariate

		74

		3.72 (1.23-11.24)

		0.0197

		 6.83 (0.84-55.53)

		0.0725



		

		

		multivariate

		74

		4.68 (1.48-14.85)

		0.0087

		10.43 (1.22-89.28)

		0.0324



		

		HR-pos

		univariate

		205

		1.46 (0.79-2.70)

		0.2248

		 1.58 (0.74-3.38)

		0.2374



		

		

		multivariate

		200

		1.52 (0.80-2.89)

		0.1978

		 1.98 (0.89-4.41)

		0.0953



		

		npac

		univariate

		142

		1.88 (0.87-4.08)

		0.1083

		 1.87 (0.63-5.57)

		0.2633



		

		

		multivariate

		141

		2.00 (0.90-4.43)

		0.0893

		 1.51 (0.49-4.65)

		0.4727



		

		pac

		univariate

		137

		2.01 (0.99-4.08)

		0.052

		 2.20 (0.91-5.32)

		0.0787



		

		

		multivariate

		133

		2.47 (1.12-5.43)

		0.0246

		 4.24 (1.48-12.09)

		0.0070






DFS= disease-free survival; OS= overall survival; Cont.= continuous variable

pac: paclitaxel-based chemotherapy; npac: nab-paclitaxel-based chemotherapy; HR-neg: hormone-receptor negative (TNBC); HR-pos:  hormone-receptor positive

HR= denotes the hazard ratio with their 95% confidence intervals.  For the continuous biomarker variables, they denote a one unit increase (after transformation), while for the mean (dichotomized) variable, they denote a change from “low” to “high”.

p= Wald p-value for the null hypothesis HR=1.








Supplementary Table S5D. Regression models for treatment interaction for DFS.



		biomarker

		subgroup

		covariables

		n

		HR(pac-EC)

		HR(npac-EC)

		HR(low)

		HR(high)

		p(interaction)



		CAV1(cont.)

		all G7

		bivariate

		279

		 1.67 (1.07-2.60)

		 1.08 (0.76-1.53)

		

		

		0.1294



		

		

		multivariate

		274

		 1.81 (1.13-2.89)

		 1.10 (0.79-1.55)

		

		

		0.0977



		

		HR-neg G7

		bivariate

		74

		 3.26 (1.11-9.63)

		 1.22 (0.82-1.82)

		

		

		0.0963



		

		

		multivariate

		74

		 3.15 (0.98-10.17)

		 1.19 (0.79-1.80)

		

		

		0.1283



		

		HR-pos G7

		bivariate

		205

		 1.43 (0.86-2.36)

		 0.73 (0.40-1.33)

		

		

		0.0929



		

		

		multivariate

		200

		 1.52 (0.89-2.57)

		 0.82 (0.43-1.59)

		

		

		0.1564



		CAV1(mean)

		all G7

		bivariate

		279

		 2.41 (1.17-4.93)

		 0.85 (0.40-1.79)

		 1.39 (0.64-3.05)

		 0.49 (0.25-0.96)

		0.0483



		

		

		multivariate

		274

		 2.35 (1.13-4.90)

		 0.91 (0.43-1.93)

		 1.37 (0.62-3.04)

		 0.53 (0.27-1.05)

		0.0771



		

		HR-neg G7

		bivariate

		74

		 5.14 (1.03-25.54)

		 1.58 (0.42-5.99)

		 2.08 (0.35-12.46)

		 0.64 (0.22-1.85)

		0.2685



		

		

		multivariate

		74

		 4.34 (0.83-22.74)

		 1.69 (0.42-6.83)

		 2.02 (0.32-12.90)

		 0.78 (0.25-2.51)

		0.4042



		

		HR-pos G7

		bivariate

		205

		 1.91 (0.84-4.32)

		 0.56 (0.21-1.47)

		 1.28 (0.53-3.08)

		 0.37 (0.15-0.93)

		0.0563



		

		

		multivariate

		200

		 1.86 (0.81-4.30)

		 0.67 (0.25-1.81)

		 1.11 (0.45-2.73)

		 0.40 (0.16-1.03)

		0.1251



		CAV2(cont.)

		all G7

		bivariate

		279

		 1.66 (1.12-2.47)

		 1.34 (0.97-1.84)

		

		

		0.4049



		

		

		multivariate

		274

		 1.73 (1.16-2.59)

		 1.29 (0.94-1.77)

		

		

		0.2662



		

		HR-neg G7

		bivariate

		74

		 2.06 (0.90-4.72)

		 1.44 (0.96-2.14)

		

		

		0.4428



		

		

		multivariate

		74

		 2.38 (0.85-6.69)

		 1.47 (0.99-2.18)

		

		

		0.4017



		

		HR-pos G7

		bivariate

		205

		 1.52 (0.96-2.41)

		 0.93 (0.51-1.70)

		

		

		0.2036



		

		

		multivariate

		200

		 1.50 (0.95-2.37)

		 0.96 (0.55-1.68)

		

		

		0.2269



		CAV2(mean)

		all G7

		bivariate

		279

		 2.02 (1.00-4.09)

		 1.90 (0.87-4.11)

		 0.80 (0.35-1.83)

		 0.75 (0.40-1.44)

		0.9039



		

		

		multivariate

		274

		 2.52 (1.18-5.35)

		 1.84 (0.84-4.02)

		 0.96 (0.40-2.27)

		 0.70 (0.36-1.34)

		0.5749



		

		HR-neg G7

		bivariate

		74

		 4.56 (0.92-22.61)

		 3.16 (0.68-14.67)

		 1.19 (0.17-8.47)

		 0.83 (0.29-2.33)

		0.7467



		

		

		multivariate

		74

		 4.92 (0.89-27.21)

		 4.42 (0.86-22.66)

		 1.15 (0.15-8.96)

		 1.03 (0.33-3.23)

		0.9307



		

		HR-pos G7

		bivariate

		205

		 1.54 (0.69-3.45)

		 1.38 (0.53-3.57)

		 0.74 (0.30-1.83)

		 0.66 (0.28-1.54)

		0.8587



		

		

		multivariate

		200

		 1.73 (0.73-4.12)

		 1.31 (0.50-3.46)

		 0.79 (0.30-2.05)

		 0.60 (0.25-1.44)

		0.6790





Cont.= continuous variable

pac: paclitaxel-based chemotherapy; npac: nab-paclitaxel-based chemotherapy; HR-neg: hormone-receptor negative (TNBC); HR-pos:  hormone-receptor positive

HR (pac), HR(npac)= denotes the hazard ratios for the biomarker in the pac and npac treatment arms with their 95% confidence interval.  These numbers describe how the outcome depends on the biomarker if the patient is treated with pac or npac. For the continuous biomarker variables (CAV1, CAV2) they refer to a one unit increase (after transformation), for the dichotomized variable (mean), they refer to a change from "low" to "high".

HR(low), HR(high)= denotes the hazard ratios for the treatment arm in the subgroup defined as low or high by the biomarker. These numbers describe how the outcome depends on the treatment if the biomarker is low or high. The numbers (and their 95% confidence interval) refer to a change from the pac to the npac treatment regimen.

p = Wald p-value for the null hypothesis HR=1.



Supplementary Table S5E. Regression models for treatment interaction for OS. 



		biomarker

		subgroup

		covariables

		n

		HR(pac-EC)

		HR(npac-EC)

		HR(low)

		HR(high)

		p(interaction)



		CAV1(cont.)

		all G7

		bivariate

		279

		 2.19 (1.26-3.78)

		 0.68 (0.40-1.16)

		

		

		0.0027



		

		

		multivariate

		274

		 2.62 (1.45-4.73)

		 0.71 (0.41-1.21)

		

		

		0.0015



		

		HR-neg G7

		bivariate

		74

		 6.53 (1.65-25.85)

		 0.72 (0.35-1.49)

		

		

		0.0056



		

		

		multivariate

		74

		28.85 (2.90-287.18)

		 0.77 (0.33-1.81)

		

		

		0.0029



		

		HR-pos G7

		bivariate

		205

		 1.65 (0.90-3.03)

		 0.65 (0.29-1.45)

		

		

		0.0688



		

		

		multivariate

		200

		 1.79 (0.94-3.40)

		 0.87 (0.35-2.14)

		

		

		0.2099



		CAV1(mean)

		all G7

		bivariate

		279

		 4.37 (1.60-11.94)

		 0.55 (0.19-1.59)

		 2.05 (0.67-6.26)

		 0.26 (0.10-0.66)

		0.0054



		

		

		multivariate

		274

		 5.12 (1.81-14.45)

		 0.61 (0.21-1.77)

		 2.47 (0.78-7.80)

		 0.29 (0.11-0.77)

		0.0053



		

		HR-neg G7

		bivariate

		74

		insuff. data

		 0.59 (0.08-4.20)

		insuff. data

		 0.28 (0.05-1.55)

		0.9946



		

		

		multivariate

		74

		insuff. data

		 0.82 (0.10-6.97)

		insuff. data

		 0.29 (0.05-1.82)

		0.9950



		

		HR-pos G7

		bivariate

		205

		 3.13 (1.10-8.89)

		 0.55 (0.16-1.96)

		 1.48 (0.45-4.86)

		 0.26 (0.08-0.81)

		0.0383



		

		

		multivariate

		200

		 3.27 (1.10-9.68)

		 0.79 (0.22-2.90)

		 1.34 (0.39-4.56)

		 0.32 (0.10-1.07)

		0.1068



		CAV2(cont.)

		all G7

		bivariate

		279

		 1.60 (0.99-2.58)

		 1.23 (0.77-1.96)

		

		

		0.4407



		

		

		multivariate

		274

		 1.87 (1.16-3.01)

		 1.13 (0.72-1.76)

		

		

		0.1314



		

		HR-neg G7

		bivariate

		74

		 3.65 (0.87-15.25)

		 1.22 (0.61-2.43)

		

		

		0.1755



		

		

		multivariate

		74

		11.72 (1.48-92.77)

		 1.32 (0.65-2.67)

		

		

		0.0440



		

		HR-pos G7

		bivariate

		205

		 1.38 (0.80-2.38)

		 1.37 (0.61-3.08)

		

		

		0.9916



		

		

		multivariate

		200

		 1.47 (0.89-2.43)

		 1.28 (0.62-2.61)

		

		

		0.7571



		CAV2(mean)

		all G7

		bivariate

		279

		 2.21 (0.91-5.32)

		 1.86 (0.62-5.56)

		 0.66 (0.22-2.03)

		 0.56 (0.24-1.31)

		0.8132



		

		

		multivariate

		274

		 4.06 (1.51-10.92)

		 1.56 (0.52-4.72)

		 1.21 (0.36-4.06)

		 0.47 (0.20-1.10)

		0.2154



		

		HR-neg G7

		bivariate

		74

		insuff. data

		 2.13 (0.22-20.51)

		insuff. data

		 0.46 (0.10-2.08)

		0.9950



		

		

		multivariate

		74

		insuff. data

		 2.27 (0.22-23.01)

		insuff. data

		 0.31 (0.05-1.86)

		0.9950



		

		HR-pos G7

		bivariate

		205

		 1.49 (0.58-3.87)

		 1.81 (0.51-6.42)

		 0.52 (0.16-1.71)

		 0.63 (0.22-1.76)

		0.8102



		

		

		multivariate

		200

		 2.57 (0.88-7.53)

		 1.61 (0.44-5.87)

		 0.75 (0.21-2.72)

		 0.47 (0.16-1.40)

		0.5943





Cont.= continuous variable; Insuff. data= insufficient data; pac: paclitaxel-based chemotherapy; npac: nab-paclitaxel-based chemotherapy; HR-neg: hormone-receptor negative (TNBC); HR-pos:  hormone-receptor positive

HR (pac), HR(npac)= denotes the hazard ratios for the biomarker in the pac and npac treatment arms with their 95% confidence interval.  These numbers describe how the outcome depends on the biomarker if the patient is treated with pac or npac. For the continuous biomarker variables (CAV1, CAV2) they refer to a one unit increase (after transformation), for the dichotomized variable (mean), they refer to a change from "low" to "high".

HR(low), HR(high)= denotes the hazard ratios for the treatment arm in the subgroup defined as low or high by the biomarker. These numbers describe how the outcome depends on the treatment if the biomarker is low or high. The numbers (and their 95% confidence interval) refer to a change from the pac to the npac treatment regimen.

p = Wald p-value for the null hypothesis HR=1.



23



