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Through analysis of preclinical models from endocrine recep-
tor (ER)—/HER2+ and triple-negative (TN) inflammatory breast
cancers (BCs) and of clinical BC samples, Villodre et al. (1) sug-
gest that NDRG1 critically contributes to tumor growth and
metastasis in aggressive ER-negative BCs. NDRG1 depletion
reduces colony formation, migration, and invasion; number of
tumor-initiating cells; and mTOR/AKT signaling in vitro and
primary tumor growth and brain metastasis in vivo. NDRG1 ex-
pression is associated with aggressiveness features of clinical
samples (ER—, TNBC, HER2+, high grade, metastatic samples)
and shorter overall survival in multivariate analysis, including
pathological stage and ER status. Because previous literature
describes NDRG1 as a metastasis suppressor in less aggressive
ER+ BC cell lines, the authors suggest that “NDRG1 has a
context-dependent function in BC.” In fact, the clinical rele-
vance of NDRG1 expression in BC has never been assessed in
series large enough to allow analysis by molecular subtype. To
fill this gap, we retrospectively examined NDRG1 mRNA ex-
pression in 8982 primary BC samples pooled from 36 public
datasets (Supplementary Table 1, available online) (2), includ-
ing notably 5929 ER+/HER2— and 1936 TN cases. The methods
used are detailed in the Supplementary Methods (available
online).

We confirmed the independent unfavorable prognostic value
of high NDRG1 expression (cutoff = median) for overall survival
in the whole population in multivariate analysis, including path-
ological stage, but also, in contrast with Villodre et al. (1), other
major prognostic variables such as pathological tumor grade,
type, and molecular subtypes (hazard ratio [HR] = 1.34, 95% confi-
dence interval [CI] = 1.13 to 1.60). In analysis per molecular sub-
type, we found independent poor-prognosis value in the
aggressive TN subtype (HR=1.59, 95% CI = 1.01 to 2.49) but also
in the less aggressive ER+/HER2— subtype (HR=1.40, 95% CI =
1.14 to 1.73; Figure 1, A and B; Supplementary Table 2, available
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online). We extended NDRGI1 association analyses to the ER+/
HER2- samples (Figure 1, C): high expression was associated
with aggressiveness features (high tumor grade and size, basal
and ERBB2-enriched PAMS50 subtypes, high relapse risk according
to Mammaprint and Recurrence Score) and with signatures of
“tumor invasion/metastasis” (3), CD44+/CD24— tumor-initiating
cells (4), and AKT activation (5). As expected, NDRG1 expression
was associated with signatures of MYC activation, hypoxia, and
glucose deprivation (5). Combined with Villodre et al.’s results,
the similarity of these correlations with those observed in ag-
gressive TNBCs (Figure 1, C) suggests that NDRG1 may also serve
as a therapeutic and/or prognostic target in the less aggressive
ER-+/HER2- subtype.

We then compared NDRGI1-high with NDRG1l-low ER+/
HER2- tumors regarding vulnerability or response to current
and future systemic therapies of ER+/HER2— BC (2). The patho-
logical complete response rate to neoadjuvant chemotherapy
was not different. Differences existed for other therapies:
NDRG1-high tumors showed lower probability of response to
hormo ne therapy (E2F4-activation signature) and CDK4/6-
inhibitors (RBsig and E2F-regulon scores), but higher probability
of response to PARP-inhibitors (Homologous Recombination
Deficiency signature) and immune checkpoint-inhibitors (TLS
score). Analysis of ER+/HER2— BC cells using publicly available
drug sensitivity data (6) and proteomics data (7) showed positive
correlations between NDRG1_pT346 expression and sensitivity
to MK-2206 AKT-inhibitor (P=1.60E-2) and alpelisib PI3K-
inhibitor (P=6.99E-02) without correlation with sensitivity to
AZD8055 dual mTOR-inhibitor.

Our observations not only reinforce the results of Villodre
et al. (1) in a larger clinical series of aggressive BCs but also sug-
gest potential prognostic, predictive, and/or therapeutic rele-
vance for NDRG1 in less aggressive ER+/HER2— BCs, which
deserves further investigation.
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Figure 1. Association of NDRG1 expression with overall survival (OS) and clinicopathological and molecular features. A) Kaplan-Meier postoperative OS curves accord-
ing to NDRG1 status in endocrine receptor (ER)+/HER2— breast cancers (BCs). P values were calculated using a log-rank test. B) Multivariate Cox regression analyses for
0S in ER+/HER2— BCs. P values were calculated using a Wald test. C) Association of NDRG1 mRNA status with clinicopathological and molecular features in ER+/
HER2- BCs and triple-negative (TN) BCs. The statistical significance was assessed using a logistic regression (Logit link function). The bar plots represent the P values
for association of each feature with NDRG1 in both ER+/HER2— and TN subtypes. The P values were —log10 transformed and pondered by the regression coefficient
sign (positive when higher in NDRG1-high and negative when lower); the longer the bar, the lower the P value. All statistical tests were 2-sided. HRD = homologous re-
combination deficiency; pCR = pathological complete response; TLS = tertiary lymphoid structures.
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