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Purpose: The role of immunotherapy in hormone receptor
(HR)-positive, HER2-negative breast cancer is underexplored.

Patients and Methods: The neoadjuvant phase II GIADA trial
(NCT04659551, EUDRACT 2016-004665-10) enrolled stage II-IITA
premenopausal patients with Luminal B (LumB)-like breast cancer
(HR-positive/HER2-negative, Ki67 > 20%, and/or histologic grade 3).
Patients received: three 21-day cycles of epirubicin/cyclophosphamide
followed by eight 14-day cycles of nivolumab, triptorelin started
concomitantly to chemotherapy, and exemestane started concomi-
tantly to nivolumab. Primary endpoint was pathologic complete
response (pCR; ypT0/is, ypNO).

Results: A pCR was achieved by 7/43 patients [16.3%; 95%
confidence interval (CI), 7.4-34.9]; the rate of residual cancer
burden class 0-I was 25.6%. pCR rate was significantly higher for
patients with PAMS50 Basal breast cancer (4/8, 50%) as com-
pared with other subtypes (LumA 9.1%; LumB 8.3%; P = 0.017).
Tumor-infiltrating lymphocytes (TIL), immune-related gene-
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expression signatures, and specific immune cell subpopulations
by multiplex immunofluorescence were significantly associated
with pCR. A combined score of Basal subtype and TILs had an
AUC 0of 0.95 (95% CI, 0.89-1.00) for pCR prediction. According
to multiplex immunofluorescence, a switch to a more immune-
activated tumor microenvironment occurred following exposure
to anthracyclines. Most common grade 23 treatment-related
adverse events (AE) during nivolumab were y-glutamyltransferase
(16.7%), alanine aminotransferase (16.7%), and aspartate amino-
transferase (9.5%) increase. Most common immune-related AEs
were endocrinopathies (all grades 1-2; including adrenal insuffi-
ciency, n = 1).

Conclusions: Luminal B-like breast cancers with a Basal molec-
ular subtype and/or a state of immune activation may respond to
sequential anthracyclines and anti-PD-1. Our data generate
hypotheses that, if validated, could guide immunotherapy devel-
opment in this context.

Introduction

Hormone receptor (HR)-positive, HER2-negative breast cancer
accounts for 70% of invasive breast cancers. Molecular and patholo-
gy-based approaches have contributed to dissect its heterogeneity. The
subclassification as Luminal A-like (LumA-like) or Luminal B-like
(LumB-like) by immunohistochemistry (IHC) recapitulates, even
though not completely overlapping, the molecular intrinsic subtypes
and is currently used in clinical practice. As compared with LumA-like,
LumB-like tumors show higher proliferation, lower expression of
progesterone receptor, and are associated with a higher cumulative
incidence of distant metastasis (up to 24.5% at 10 years; refs. 1, 2). Due
to this increased risk of relapse, the systemic treatment for early LumB-
like breast cancer patients frequently includes both chemotherapy and
endocrine therapy (2).

The neoadjuvant setting is ideal to test new treatment strategies,
evaluate their efficacy according to biological heterogeneity, and assess
their effect on biomarkers. Chemotherapy is nowadays the standard
systemic option for premenopausal HR-positive, HER2-negative
breast cancer patients who are candidate to a neoadjuvant strategy (2).
The achievement of a pathologic complete response (pCR) after
neoadjuvant chemotherapy is associated with improved long-term
outcome across all breast cancer subtypes (3). Among HR-positive,
HER2-negative patients, the association between pCR and prognosis is
more evident for LumB-like than LumA-like tumors (4). Nevertheless,
the pCR rate for LumB-like breast cancer patients remains low even
with modern regimens (approximately 10%; ref. 5).
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Translational Relevance

Hormone receptor (HR)-positive/HER2-negative breast cancer
is generally considered a cold tumor. We report the first neoadju-
vant trial of immunotherapy specifically dedicated to patients with
HR-positive/HER2-negative Luminal B-like breast cancer. Sequen-
tial anthracycline-based chemotherapy followed by nivolumab and
endocrine therapy induced a 16.3% pathologic complete response
(pCR) rate. Although the primary endpoint was not met, extensive
molecular and immune characterization by multiplex immuno-
fluorescence allowed the identification of immune-related gene
signatures (CD8 T cells, cytotoxic cells, cytotoxicity, IFN gamma,
inflammatory chemokines, macrophages, PD-L1, PD-L2, IDO-1,
TIGIT, and tumor inflammation signature) and immune cell
subpopulations associated with pCR. A combined score of
tumor-infiltrating lymphocytes and Basal molecular subtype
showed an AUC of 0.95 for pCR prediction. Our results provide
unique insights that contribute to change the way HR-positive/
HER2-negative breast cancer is considered from an immunogenic
perspective and provide novel hints to trace the path of immuno-
therapy development in this disease.

Immune-checkpoint inhibitors are gaining momentum in the
treatment of breast cancer (6-8). HR-positive, HER2-negative breast
cancer is considered the least immunogenic of all breast cancers, being
characterized by low levels of tumor-infiltrating lymphocytes (TIL)
and low tumor mutational load. For these reasons, the role of immu-
notherapy in this condition has been underexplored (9). Notwith-
standing, LumB-like tumors may present immunogenic features that
could promote sensitivity to immunotherapy, such as higher TILs and
tumor mutational burden as compared with LumA-like, and the
expression of immune checkpoints (10-12).

Anthracyclines, as potent inducers of immunogenic cell death, are
particularly attractive as a priming strategy to turn the tumor immune
microenvironment toward an antitumor state that can ease the activity
of immune-checkpoint inhibitors (13-14). Multiple studies have
demonstrated that estrogens show pleotropic effects on immune cells
generally favoring tumor progression and that aromatase inhibitors
and/or ovarian function suppression promote an antitumor immune
microenvironment, delineating the biological rationale for combining
immunotherapy with endocrine treatment (9, 15, 16).

On these premises, we conducted the phase IT neoadjuvant GIADA
trial to test the hypothesis that a neoadjuvant treatment with anthra-
cycline-based chemotherapy followed by anti-PD-1 immunotherapy
in combination with endocrine treatment is effective for premeno-
pausal LumB-like breast cancer patients.

Patients and Methods

Study design and participants

GIADA is an investigator-driven, phase II, single-arm, multicentric
trial conducted at four Italian institutions (NCT04659551, EUDRACT
2016-004665-10). Eligible patients were premenopausal women
(=18 years) with newly diagnosed, previously untreated, histologically
confirmed LumB-like invasive breast cancer. LumB-like was defined
according to local pathology as HR positive (estrogen receptor and/or
progesterone receptor expression in >10% of tumor cells by THC),
HER2 negative (according to the American Society of Clinical Oncol-
ogy and College of American Pathologists guidelines), with high Ki67

AACRJournals.org

Neoadjuvant Immunotherapy For Luminal B-like Breast Cancer

(220% by IHC) and/or histologic grade 3. Patients had stage II to ITIA
breast cancer and were candidate to neoadjuvant chemotherapy based
on local multidisciplinary evaluation. Other key inclusion criteria
were: Eastern Cooperative Oncology Group performance status
0-1 and normal bone marrow, liver, and renal function. Key exclusion
criteria included: stage IIIB, IIIC, IV, and inflammatory breast cancer;
contraindication to anthracyclines; and other common exclusion
criteria in immunotherapy trials. The study was conducted according
to Good Clinical Practice Guidelines and the World Medical Associ-
ation Declaration of Helsinki. All patients provided written informed
consent. The trial protocol and all amendments were approved by the
competent ethical committee at each participating institution.

Procedures

Eligible patients received three 21-day cycles of intravenous epir-
ubicin 90 mg/m? and cyclophosphamide 600 mg/m?, followed by eight
14-day cycles of intravenous nivolumab 240 mg. Oral exemestane
25 mg daily was started concomitant to nivolumab, and intramuscular
triptorelin 3.75 mg every 28 days was started concomitant to chemo-
therapy. Endocrine therapy was maintained until surgery. Patients
underwent surgery 2 to 5 weeks from the last nivolumab dose.
Adjuvant therapy was at physician’s discretion. Study design is repre-
sented in Supplementary Fig. SI.

At baseline, patients underwent radiologic tumor assessment by
mammogram and ultrasound, physical examination, routine work-up
staging, vital signs assessment, laboratory tests, and 12-lead electro-
cardiogram. The type of surgery indicated in the absence of neoadju-
vant treatment was collected at baseline. Laboratory tests, vital signs,
and physical examination were assessed at every chemotherapy and
nivolumab cycle, and before surgery. Prior to surgery, tumor mea-
surement by mammogram and ultrasound was performed. Adverse
events were assessed by the Common Terminology Criteria for
Adverse Events, version 4.03.

Formalin-fixed paraffin-embedded (FFPE) tumor tissue specimens
were collected at baseline (core biopsy, t0), after chemotherapy within
7 days prior to the first nivolumab dose (core biopsy, t1), and at surgery
(surgical sample, t2). Fresh-frozen samples from diagnostic core
biopsies were also centralized.

Outcomes

The primary endpoint was the rate of patients achieving a pCR by
local pathology evaluation, defined as the absence of invasive cancer
cells in breast and axilla (ypTO0/is, ypNO).

Key secondary endpoints reported here are clinical objective
responses in the breast, safety, breast conservative surgery rate,
conversion from mastectomy, molecular intrinsic subtypes by PAM50,
gene-expression, and immune-related tissue biomarkers.

Clinical objective responses in the breast were defined as partial or
complete responses according to the Modified Response Evaluation
Criteria in Solid Tumors (version 1.1), based on ultrasound exami-
nation performed at baseline and immediately before surgery.

The rate of breast conservative surgery was calculated as the
percentage of conservative procedures over total surgeries. The con-
version from mastectomy was calculated as the percentage of patients
initially candidate to mastectomy who underwent breast conserving

surgery.

Gene-expression analyses

Fresh-frozen baseline tumor biopsies were reviewed by a pathologist
for tumor tissue quality and quantity. All the biopsies contained at least
40% of tumor cells.
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Frozen tumor tissues were disrupted in liquid nitrogen using a
mortar and pestle. Ground tissues were resuspended in lysis buffer,
RTL buffer (Qiagen) plus B-mercaptoethanol, and homogenized by
passing the lysate at least five times through a 20-gauge needle. Total
RNA was extracted using the RNeasy Plus mini kit (Qiagen) following
the manufacturer’s instructions.

If fresh-frozen tumor biopsy were not available, FFPE baseline
tumor biopsies were evaluated by a pathologist for tumor tissue quality
and quantity. From each FFPE baseline tumor biopsy, five 10-um
sections were cut, and RNA was extracted using the RNeasy FFPE Kit
(Qiagen) following the manufacturer’ instructions.

RNA concentration and quality were assessed with Nanodrop 1000
Spectrophotometer (Thermo Scientific NanoDrop Products), Qubit
RNA HS Assay Kit on Qubit fluorometer 1.0 (Invitrogen, Life Tech-
nologies), and TapeStation 4200 (Agilent Technologies, Germany) to
ensure they met the specifications for purity (260/280 ratio between 1.7
and 2.3) and concentration (=10 ng/uL).

RNA extracted from fresh-frozen or, if not available, FFPE tumor
samples was used to measure the expression of 758 breast cancer—
related genes and 18 housekeeping genes using the Breast Cancer 360
Panel on an nCounter platform (NanoString Technologies).

The samples were processed according to the manufacturer’s
instructions and kits provided by NanoString Technologies. Briefly,
the starting material was 100 ng RNA for fresh-frozen tissue and 200 or
300 ng for FFPE samples depending on the percentage of fragments
with dimensions greater than 200 bp (DV200 value). RNA concen-
tration and quality were assessed with Nanodrop 1000 Spectropho-
tometer (Thermo Scientific NanoDrop Products) and Qubit RNA HS
Assay Kit on Qubit fluorometer 1.0 (Invitrogen, Life Technologies) to
ensure they met the specifications for purity (260/280 ratio between 1.7
and 2.3) and concentration (210 ng/uL). RIN and DV200 were
evaluated with the High Sensitivity RNA kit on TapeStation 4200
(Agilent Technologies, Germany). Sample RNA was hybridized with
panel probes for 17 hours at 65°C and then complexes were processed
on the nCounter Analysis System. Cartridges were scanned at 555
FOVs.

The Breast Cancer 360TM assay covers genes from different
independent signatures, including the PAM50 signature. The panel
includes 758 target probe pairs, 18 housekeeping genes used for
normalization, 6 exogenous positive control RNA targets that range
linearly from 128 fM to 0.125 fM, and 8 exogenous negative control
sequences. Zero counts on the raw scale are converted to ones prior to
normalization.

Gene-expression data for genes nonincluded in the PAMS50 or TIS
(Tumor Inflammation Signature) signatures were normalized using a
ratio of the expression value to the geometric mean of all housekeeping
genes on the panel. Genes in the TIS signature were normalized using a
ratio of the expression value to the geometric mean of the housekeeper
genes used only for the TIS signature, whereas genes in the PAMS50
signature were normalized using a ratio of the expression value to the
geometric mean of the housekeeper genes used only for the PAM50
signature.

Genes not in the PAM50 signature were additionally normalized
using a ratio of the housekeeper-normalized data and a panel standard
run on the same cartridge or on the same codeset lot as the observed
data.

Data were then Log2 transformed. Forty-eight gene signatures
covering several aspects of breast cancer biology and predefined by
the manufacturer for the Breast Cancer 360 Panel (NanoString
Technologies) were calculated, including intrinsic molecular subtyp-
ing was determined using the previously reported PAM50 subtype
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predictor (17). Gene signatures were adapted with constants to make
scores comparable across research-use only and investigational-use
only assays.

Histology and multiplex fluorescence IHC (mIHC)

Immune-related biomarkers were evaluated on representative
tumor samples (presence of infiltrating tumor cells confirmed by
central pathology) collected at t0, t1, and t2.

Stromal TILs were evaluated on a hematoxylin and eosin-stained
slide according to the International Tumor-Infiltrating Lymphocytes
Working Group recommendations (18). Androgen receptor nuclear
staining was evaluated on whole sections by IHC with the Dako AR441
antibody and reported as the percentage of positive cells.

mIHC analysis was carried out on sequential 4-um-thick FFPE
tumor tissue sections. Two staining panels were used: the “checkpoint
panel” included primary antibodies against CD68 (clone KP1, Dako),
CD163 (clone 10D6, Leica Biosystems), CD3 (clone F.7.2.38, Dako),
PD-1 (clone EPR4877-2, Abcam), and PD-L1 (clone E1L3N, Cell
Signaling Technology), whereas the “lymphoid panel” included anti-
bodies against granzyme B (clone 11F1, Leica Biosystems), CD4 (clone
4B12, Thermo Fisher), CD8 (clone C8/144B, Dako), FoxP3 (clone
D2WS8E, Cell Signaling Technology), and CD20 (clone L26, Dako). In
both panels, the anti-pan-cytokeratin antibody (clone AE1/AE3,
Dako) was added as a tumor marker (Supplementary Fig. S2).
Prior to staining, sections were deparaffinized in Clearene (Leica
Biosystems) and rehydrated by serial passages in graded ethanol. A
20-minute passage in 10% neutral buffered formalin (Sigma) ensured
the fixation of the sample on the glass slide.

Heat-induced epitope retrieval was performed with a microwave
oven using a Target Retrieval Solution pH9 (Dako) or pH6 (Akoya
Biosciences), depending on primary antibody. The staining proce-
dure consisted of six sequential rounds, each including protein
blocking with Protein Block Serum-free (Dako), followed by incu-
bation with primary antibody and 10-minute incubation with an
anti-mouse + rabbit horseradish peroxidase (HRP)-conjugated
secondary antibody (Akoya Biosciences). Each marker was coupled
with a different Tyramide Signal Amplification (TSA)-conjugated
Opal fluorophore (Akoya Biosciences). After all six sequential
reactions, slides were counterstained with spectral DAPI (Akoya
Biosciences) and mounted using Vectashield Hardset mounting
medium (Vector Labs).

Multiplex stained slides were scanned using the Mantra Quan-
titative Pathology Workstation (Akoya Biosciences) at 4x and 20x
magnification. For each sample, only areas comprising tumor cells
were considered. Multispectral images were unmixed using a spec-
tral library built from images of single fluorophore-stained control
tissues using the inForm Image Analysis software (version 2.4.9,
Akoya Biosciences). A selection of representative multispectral
images was used to train the inForm software in order to create
an algorithm for each panel: tissue segmentation based on recog-
nition of cytokeratin-positive cells; cell segmentation based on
nuclear and membrane staining; and cell phenotyping based on
the detection of cell-surface and intracellular markers. The created
algorithms were applied in the batch analysis of all acquired seven-
color multispectral images of the same panel, to examine the
presence of tumor-infiltrating immune cells within the tumor area
and in the surrounding stroma. Cell densities (cells/mm?*) were
calculated for each patient as the mean of all acquired fields on the
same tissue slide (at least 20 fields at 20x magnification for each
stained slide). Cell densities were evaluated separately in the
intratumoral and stromal compartments.
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Statistical analysis

Sample size was estimated using a Simon two-stage design. Assum-
ing a 10% pCR rate with standard chemotherapy, a pCR of 25% with
the study treatment was considered of interest. Setting oo = 0.05 and
B = 0.20, a total of 43 patients were required. The first stage (at least
3 pCR out of 18 patients) was accomplished in November 2018. In the
second stage, an additional 25 patients were enrolled. To fulfill the
statistical hypothesis, at least 8 pCR of 43 patients were required.

Efficacy endpoints were evaluated on the intention-to-treat popu-
lation including all enrolled patients. Clinical objective response is
reported for patients who underwent breast ultrasound both at
baseline and immediately before surgery. Percentages and their 95%
confidence intervals (95% CI) were calculated according to the Wilson
method with continuity correction.

The incidence of treatment-related adverse events (TRAE; relation
with study treatment determined by the physician) was calculated by
treatment phase.

The association of molecular subtypes and TILs with pCR was
studied using univariate logistic regression or the 7 test. The asso-
ciation of gene signatures with pCR was studied using a linear model
without a blocking factor with P values adjusted using the Benjamini
and Yekutieli false discovery rate adjustment (models fitted using the
limma package in R).

Bivariate correlation between gene signatures was assessed by the
Pearson coefficient. The Mann-Whitney U test was used to compare
immune biomarkers between pCR and non-pCR patients. The Wilcoxon-
signed rank test was used to study the modulation of biomarkers at
different timepoints. Given their exploratory nature, analyses of immune-
related tissue biomarkers were not adjusted for multiple testing (19).

Figure 1.

CONSORT diagram. 45 patients assessed

for eligibility

Neoadjuvant Imnmunotherapy For Luminal B-like Breast Cancer

The combined score of Basal subtype and TILs was calculated from
the estimated coefficient of each variable in a bivariate logistic model
for pCR: TILs (%) x 0.15 + Basal (0 = no, 1 = yes) x 2.37. The
performance of the score was estimated by determining the area under
the ROC curve (AUC).

The level of significance was P < 0.05. Data were analyzed with IBM
SPSS Statistics (version 27), R software (version 4.0.3), and SAS
(version 9.4; ref. 20).

Results

From October 2017 to October 2019, 45 patients were assessed for
eligibility and 43 were enrolled (Fig. 1). All enrolled patients received
at least one dose of study treatment and underwent surgery. Overall,
81.4% of patients received at least six courses of nivolumab. Nine
patients permanently discontinued nivolumab for safety reasons
(including grade 3 pancreatitis n = 1, grade 3 liver toxicity n = 6,
grade 2 liver toxicity n = 1, grade 3 erythema nodosum »n = 1), and
3 patients discontinued nivolumab for other reasons (including two
with local progression). One patient permanently discontinued study
treatment after the three courses of chemotherapy due to febrile
neutropenia.

Patient characteristics are reported in Table 1. The majority (81.5%)
presented with a clinical stage II breast cancer, 48.8% had no axillary
node involvement, and most had a ductal breast cancer (95.3%). All
patients met the LumB-like inclusion criteria: 95% had a HR-positive,
HER2-negative tumor with Ki67 >20% (any histologic grade); n = 2
(5%) had a HR-positive, HER2-negative tumor with Ki67 <20% and
histologic grade 3.

L

43 enrolled patients

2 patients met exclusion criteria

43 patients received at least 1
dose of study treatment

1 patient stopped treatment after 3 courses

of chemotherapy due to toxicity

dose of nivolumab

42 patients received at least 1

12 patients stopped treatment early:

9 due to toxicity; 2 due to local progression, 1 due
to lack of ovarian suppression

nivolumab

30 patients completed 8 cycles of

43 patients underwent surgery
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Table 1. Patient baseline characteristics.

N=143
Characteristic n (%)
Age, years Median (range) 45 (31-54)
Clinical stage lla 21 (48.9%)
Ilb 14 (32.6%)
llla 8 (18.6%)
Tumor size T 4 (9.3%)
T2 32 (74.4%)
T3 7 (16.3%)
Lymph node status NO 21 (48.8%)
N1 18 (41.9%)
N2 4 (9.3%)
Histologic type Ductal 41 (95.3%)
Lobular 2 (4.7%)
Histologic tumor Grade 1 1(2.3%)
grade Grade 2 18 (41.9%)
Grade 3 24 (55.8%)
ER expression Median %, (Q1:Q3) 90 (75:95)
>10% 43 (100%)
PgR expression Median % (Q1:Q3) 82.5 (40:90)
>10% 38 (88.4%)
Ki67, % Median (Q1:Q3) 30 (25:41)
HER2 status IHC 0/1+ 29 (67.4%)
IHC 2+ and FISH-neg 6 (14.0%)
FISH-neg 8 (18.6%)
Phenotype HR*/HER2™, Ki67 = 20%, any 41 (95%)
grade

HR'/HER2", Ki67 < 20%, grade 3* 2 (5%)

Abbreviations: ER, estrogen receptor; FISH, fluorescent in situ hybridization;
HR, hormone receptor; IHC, immunohistochemistry; N, number; PgR, proges-
terone receptor; QJ, first quartile; Q3, third quartile; tot, total.

®These two patients had progesterone receptor expression >20%, thus not
meeting the LumB-like definition according to the European Society of Medical
Oncology guidelines (2).

Seven out of 43 patients achieved a pCR (16.3%; 95% CI, 7.4%—
34.9%, not meeting the prespecified hypothesis; Fig. 2A) and 11
achieved a residual cancer burden class 0-1 (25.6%; 95% CI, 14.0%—
41.8%, endpoint not prespecified in the protocol, centrally evaluated;
ref. 21). Thirty-four patients underwent ultrasound examination at
baseline and before surgery, and 24 obtained a clinical objective
response in the breast (70.6%; 95% CI, 52.3%-85.5%). Of the 34
patients evaluable for objective clinical response, 82.4% had a breast
radiologic assessment that was concordant with the pathologic
response (1 = 4 complete response in the breast by ultrasound/yT0;
n = 24 no complete response in the breast by ultrasound/no yTO0).
Thirteen patients underwent a breast conservative intervention
(30.2%; 95% CI, 17.7%-46.7%). The type of surgery indicated at
baseline was available for 38 patients. Of the 28 patients initially
candidate to mastectomy, 7 underwent breast conservative surgery
(conversion rate 25.0%; 95% CI, 11.4%-45.8%). Efficacy endpoints are
reported in Table 2.

Available samples and analyses conducted at each timepoint are
summarized in Supplementary Fig. S3.

PAMS50 subtypes were as follows: LumB 56% (n = 24), LumA 25%
(n=11), and Basal 19% (n = 8). The pCR rate was significantly higher
for Basal (50%) as compared with other subtypes (LumA 9%, LumB
8%; P = 0.017; Fig. 2A; Supplementary Fig. S4). The following
inflammatory response and immune gene signatures were significantly
overexpressed in pCR as compared with non-pCR patients (adjusted
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P < 0.05): CD8 T cells, cytotoxic cells, cytotoxicity, IFN gamma,
inflammatory chemokines, macrophages, PD-L1, PD-L2, IDOI,
TIGIT (T-cell immunoreceptor with immunoglobulin and ITIM
domain), and tumor inflammation signature (Fig. 2B; Supplemen-
tary Fig. S4). Three gene signatures were significantly downregu-
lated in pCR vs. non-pCR patients (adjusted P < 0.05): FOXAI,
progesterone receptor, and androgen receptor, all tracking hor-
mone receptor pathways (Fig. 2B; Supplementary Fig. S4). As a
confirmation, progesterone receptor as evaluated by IHC was
associated as a continuous variable to pCR (OR 0.97; 95% CI,
0.94-0.99, P = 0.011), whereas we found no association between
continuous androgen receptor expression by IHC and pCR (OR, 0.99;
95% CI, 0.97-1.02, P = 0.530). There was a weak-to-moderate positive
significant correlation of Basal subtype signature with each of the
immune signatures that were significantly upregulated in pCR patients
(Supplementary Fig. S5, Pearson coefficients ranging from 0.319 to
0.606). Of similar strength was the negative correlation of FOXAI,
progesterone receptor, and androgen receptor signatures with the same
immune-related signatures (Supplementary Fig. S5). These data suggest
a partial biological overlap only between gene signatures tracking
immunity and those related to intrinsic subtyping and hormone receptor
pathways. Thus, we sought for how to integrate the contribution to pCR
of these two biological areas.

To this aim, we considered TILs as a simple and easy-to-assess
biomarker recapitulating the state of inflammation of the breast cancer
microenvironment.

At t0, the median level of TILs in samples from patients achieving a
PCR (15%; Q1:Q3, 4%:30%) was significantly higher as compared with
non-pCR patients (2%; Q1:Q3, 1%:3%, P < 0.001; Fig. 2C).

We performed bivariate logistic regression analyses including TILs
and a variable related to molecular subtyping. In the first model, both
TILs and Basal subtype were independently associated with pCR (odds
ratio, 1.16, 95% CI, 1.04-1.31, P = 0.010 for each 1% TIL increment,
and odds ratio 10.71,95% CI, 1.01-113.07, P = 0.049 for Basal vs. non-
Basal subtype). The derived integrated score had an AUC of 0.95 (95%
CI, 0.89-1.00) for pCR prediction (Fig. 2D). According to the optimal
cutoff derived by receiving operator curve (ROC) analysis (1.74), pCR
rate was 58.3% (7/12) versus 0% (0/31) for high vs low score
(P <0.001). In bivariate analyses combining TILs with either FOXA1
signature, progesterone receptor signature, or androgen receptor
signature, only TILs maintained an independent association with pCR
(Supplementary Table S1).

Next, we characterized the immune infiltrate by mIHC. The lym-
phocyte infiltrate was mainly composed of CD3™ T cells (median
proportion of CD3" cells over total lymphocytes: 83.9%, Q1:Q3
74.5%:92.9%). The proportion of CD4" and CD8" cells among CD3"
T lymphocytes was variable (median CD4" cells: 53.3%, Q1:Q3
30.8%:73.8%; median CD8™ cells: 46.7%, Q1:Q3 26.2%:69.2%). PD-L1
was almost exclusively expressed by CD68" cells, whereas PD-1
expression was detected only on CD3™ cells.

The intratumoral and stromal density of T lymphocytes (CD3%;
P = 0.002 and P = 0.015, respectively) and macrophages (CD68™;
P=0.016 and P =0.005, respectively), as evaluated by mIHC at t0, was
higher in pCR versus non-pCR patients. A detailed analysis of immune
cell subtypes and their functional states disclosed that pCR patients
had higher intratumoral and stromal total CD4" cells (P = 0.001
and P = 0.026, respectively), higher intratumoral total CD8*
cells (P = 0.038), intratumoral CD4"FoxP3* T regulatory cells
(P = 0.002), and stromal CD687CD163" tumor-associated macro-
phages (P = 0.035). The assessment of checkpoint molecule expression
on immune cells revealed that both tumor regions, intratumoral and
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Basal subtype and TILs to predict pCR.

Table 2. Primary and secondary efficacy endpoints.

Efficacy endpoint N/tot (%) 95% Cl

pCR (ypT0/is, ypNO) 7/43 (16.3%)  7.4%-34.9%

RCB class 0-1 11/43 (25.6%) 14.0%-41.8%
Objective response by ultrasound (breast)®
Complete 6/34 (17.6%)  7.4%-35.5%
Partial 18/34 (52.9%) 35.4%-70.7%

24/34 (70.6%)
7/34 (20.6%)
3/34 (8.8%)
13/43 (30.2%)
7/28 (25.0%)

52.3%-85.5%
9.3%-38.8%
2.3%-25.0%
17.7%-46.7%
1.4%-45.8%

Complete or partial response

Stable disease

Progressive disease
Breast-conserving surgery®
Conversion from mastectomy to breast-

conserving surgery

Abbreviations: Cl, confidence interval; N, number; pCR, pathologic complete
response; RCB, residual cancer burden; tot, total.

@Calculated over a total of 34 patients who underwent breast ultrasound both at
baseline and immediately before surgery. The remaining 9 patients underwent
either breast MRI or contrast-enhanced mammography as per local policy and
were not assessable for objective response according to protocol criteria.
PReasons to perform mastectomy in 30 patients were: tumor size/breast volume
ratio (n = 17), aesthetic reasons (n = 3), prophylactic procedure (n = 3),
multicentric tumor (n = 6), and large calcification area (n = 1).

AACRJournals.org

stromal, were characterized at t0 by higher densities of CD3"PD-1"
lymphocytes (P < 0.001 and P = 0.004, respectively), CD68 "PD-L1"
(P = 0.001 and P = 0.001, respectively) and CD68"CD163"PD-L1"
macrophages (P =0.001 and P<0.001, respectively) in pCR patients as
compared with non-pCR counterparts. Data are shown in Fig. 3A
and B (intratumoral compartment), and Supplementary Table S2
(intratumoral and stromal compartment). Analyses of mIHC immune
markers at t1 in pCR versus non-pCR patients are also reported in
Supplementary Table S2.

We also analyzed changes in immune cell populations from t0 to t1.
TILs significantly increased after chemotherapy (P = 0.029; Fig. 3C).
In the intratumoral compartment, a significant increase in total CD8"
(P = 0.009) and CD8" granzyme BT (P = 0.013) cells was observed,
whereas CD4'FoxP3" and CD68"CD163" cells significantly
decreased in both the intratumoral (P = 0.012 and P = 0.013) and
stromal (P = 0.003 and P = 0.041) compartments (Fig. 3C and D;
Supplementary Fig. S6). As a confirmation of the shift in the tumor
immune microenvironment, the CD8"/CD4 ™ ratio resulted higher at t1
versus t0 in both the intratumoral (P = 0.003) and stromal (P = 0.008)
areas. Finally, we assessed the effect of nivolumab by analyzing changes
from t1 to t2. Significant increases in intratumoral and stromal CD8§"
(P < 0.001 and P = 0.039), CD8" granzyme B* (P = 0.018 and
P = 0.024), intratumoral CD8"/CD4™ ratio (P = 0.040), and stromal
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Figure 3.

A, Boxplots showing intratumoral immune cell populations by mIHC with significant different levels in pCR vs. non-pCR patients at tO. B, Representative pictures of
mIHC staining at t0 in pCR and non pCR patients; original magnification 20 x. C, Significant changes in TILs and intratumoral immune cell populations by mIHC from tO
to t1in matched paired samples, with * indicating outlier values, red lines for patients with pCR, yellow lines for patients with RCB |, and gray lines for other patients.
D, Representative pictures of a lymphoid mIHC panel at tO and t1from the same patient; original magnification 20 x. Color code for mIHC pictures of checkpoint panel:
CD3in magenta, PD-1in yellow, CD68 in white, CD163 in green, PD-L1in red, pan-cytokeratin in cyan, nuclei in blue. Color code for mIHC pictures of lymphoid panel:
CD8 in magenta, CD4 in yellow, granzyme B in green, FoxP3 in white, CD20 in orange, pan-cytokeratin in cyan, nuclei in blue.

CD4" granzyme B* (P = 0.014) were consistent with a checkpoint
inhibitor-induced immune activation (Supplementary Fig. S6).

Table 3 summarizes TRAEs. During nivolumab, an increase in
alanine aminotransferase (ALT, 33.3%), aspartate aminotransferase
(AST, 31.0%), y-glutamyltransferase (GGT, 19.0%), and arthralgia
(21.4%, possibly related to concomitant endocrine therapy) repre-
sented the most common TRAEs of any grade. Increases in GGT
(16.7%), ALT (16.7%), and AST (9.5%) accounted for the most
common grade 3 TRAEs during nivolumab. Most frequent potentially
immune-related adverse events during nivolumab were endocrino-
pathies (all grades 1-2), including hyperthyroidism (11.9%), hypo-
thyroidism (14.3%), adrenal insufficiency (2.4%), and ACTH decrease
(4.8%). Immune-related skin toxicities occurred in 5 patients, includ-
ing one grade 3 erythema nodosum. One grade 3 immune-related
pancreatitis was also observed. Serious adverse events during nivolu-
mab were ALT and/or AST and/or GGT increase (n = 3), and
immune-related pancreatitis (n = 1). Serious adverse events during
chemotherapy included febrile neutropenia (n = 2).

Discussion

We reported the results of the first clinical trial of immunotherapy
dedicated to patients with early HR-positive, HER2-negative breast
cancer and the first study to incorporate both a molecular and an
extensive immune cell infiltrate characterization by mIHC in LumB-
like tumors.
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The neoadjuvant sequential regimen of anthracycline-based che-
motherapy followed by nivolumab and endocrine therapy was able to
induce a pCR rate of 16.3% in LumB-like breast cancer patients. When
considering residual cancer burden, 25.6% of patients were categorized
as class 0 or 1. Objective responses in the breast were observed in 70.6%
of evaluable patients.

The I-SPY2 adaptive trial is the only other study reporting data on
neoadjuvant immunotherapy for HR-positive, HER2-negative breast
cancer patients at high risk according to MammaPrint. The addition of
pembrolizumab to the taxane component of a sequential taxane and
anthracycline regimen graduated in this patients’ subgroup with
estimated pCR rates of 30% versus 13% with standard chemothera-
py (22). Additional recent data from the same adaptive platform
showed that the addition of durvalumab and olaparib to paclitaxel
improved the pCR rate in HER2-negative breast cancer patients as
compared with standard chemotherapy, especially in a subset of high-
risk (defined by MammaPrint signature) HR-positive, HER2-negative
breast cancer (estimated pCR 22% with control vs. 64% with durva-
lumab/olaparib; ref. 23). Comparison with the GIADA trial is limited
by the I-SPY2 adaptive design, differences in chemotherapy backbone
and treatment combinations, and differences in patient selection.
However, the I-SPY2 results indicate that immunotherapy for patients
with high-risk Luminal-like disease is worth exploring, supporting our
background hypothesis.

The GIADA results compare favorably with data from recent trials
dedicated to HR-positive HER2-negative breast cancer patients treated
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Table 3. Summary of TRAEs.

Neoadjuvant Imnmunotherapy For Luminal B-like Breast Cancer

Chemotherapy phase, n = 43

TRAEs occurring in >5% Any grade,

of patients (any grade) n (%) G1-2, n (%) G3, n (%) G4, n (%)

Nausea 24 (55.8%) 24 (55.8%) 0 0

Neutropenia 16 (37.2%) 6 (14.0%) 6 (14.0%) 4 (9.3%)

Fatigue 15 (34.9%) 15 (34.9%) 0 0

Anemia 7 (16.3%) 7 (16.3%) 0 0

ALT increased 7 (16.3%) 5 (1.6%) 2 (4.7%) 0

White blood cells decreased 6 (14.0%) 4 (9.3%) 2 (4.7%) 0

GGT increased 5 (11.6%) 5 (1.6%) 0 0

AST increased 3 (7.0%) 2 (4.7%) 1(2.3%) 0

Vomiting 3(7.0%) 3(7.0%) 0 0
Nivolumab phase, n = 42

TRAEs occurring in >5% Any grade,

of patients (any grade) n (%) G1-2, n (%) G3, n (%) G4, n (%)

ALT increased 14 (33.3%) 7 (16.7%) 7 (16.7%) 0

AST increased 13 (31.0%) 9 (21.4%) 4 (9.5%) 0

Arthralgia 9 (21.4%) 9 (21.4%) 0 0

GGT increased 8 (19.0%) 1(2.4%) 7 (16.7%) 0

Fatigue 5 (1.9%) 5 (11.95) 0 0

Anemia 4 (9.5%) 4 (9.5%) 0 0

Nausea 4 (9.5%) 4 (9.5%) 0 0

Lymphocyte count decreased 3(71%) 2 (4.8%) 1(2.4%) 0
Nivolumab phase, n = 42

Potentially irAEs (any Any grade,

incidence, any grade) n (%) G1-2, n (%) G3, n (%) G4, n (%)

Hypothyroidism? 6 (14.3%) 6 (14.3%) 0 0

Hyperthyroidism? 5 (11.9%) 5 (11.9%) 0 0

Skin® 5 (1.9%) 4 (9.5%) 1(2.4%) 0

ACTH decreased 2 (4.8%) 2 (4.8%) 0 0

Infusion-related reaction 2 (4.8%) 2 (4.8%) 0 0

Adrenal insufficiency 1(2.4%) 1(2.4%) 0 0

Pancreatitis 1(2.4%) 0 1(2.4%) 0

2Two patients had both hyperthyroidism and hypothyroidism.

PIncluding pruritus, maculopapular rash, acneiform rash, and erythema nodosum.

with standard anthracycline and taxane-based chemotherapy, show-
ing pCR rates ranging from 5% to 10% (including data from patients
with LumB breast cancer as defined by PAMS50); nevertheless, the
primary endpoint hypothesis was formally not satisfied (5, 24-27). The
choice of an optimistic target was taken to counterbalance the risk of
exposing patients to potential side effects in a curative setting. Indeed,
we observed high rates of liver toxicity during nivolumab: Grade 3 ALT
and AST increase occurred in 10% and 17% of patients, respectively,
and grade 3 GGT increase occurred in 17% of patients. In the
neoadjuvant phase III trials of immunotherapy for triple-negative
breast cancer, the addition of pembrolizumab or atezolizumab to
sequential taxanes and anthracyclines did not increase liver toxicity
substantially, with grade >3 ALT and AST reported in around 5% of
patients each (7, 8). The reasons for higher rates of liver function test
abnormalities with nivolumab in GIADA are unclear and might be due
to chemotherapy backbone, sequence and timing, role of endocrine
therapy [although unlikely (28)], or simply by chance because of the
small sample size.

Whichever the reason, this observation stresses the need for treat-
ment personalization. Studies that are negative for their primary

AACRJournals.org

efficacy endpoint may generate precious translational data useful to
plan more individualized treatment strategies.

Our trial population was enriched for patients with PAMS50
LumB (56%) and Basal (19%) breast cancer as compared with other
cohorts of HR-positive, HER2-negative breast cancer patients,
probably as a result of the trial inclusion criteria (premenopausal
patients, high grade and/or high Ki67; ref. 29). A high chemosen-
sitivity is a well-known feature of Basal molecular subtype, with
rates of pCR after neoadjuvant anthracycline and taxane-based
chemotherapy of about 35% for Basal HR-positive, HER2-negative
breast cancer (30). It is, however, unlikely that the increased
chemosensitivity alone might account for the 50% pCR rate for
Basal breast cancer observed in our trial, considering that patients
received only 3 courses of epirubicin/cyclophosphamide as the
initial segment of the planned treatment. Gene-expression data
revealed the contribution of immune-related processes in the
modulation of pCR. Even if, as expected, immune signatures were
positively correlated with Basal subtype, the strength of the corre-
lation was weak to moderate, suggesting that the biological infor-
mation is not completely superimposable.
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Consistent with gene-expression data, the simple evaluation of TILs
on baseline tumor samples identified patients more likely to respond.
TILs have been previously associated with response to neoadjuvant
chemotherapy in HR-positive, HER2-negative breast cancer patients,
with pCR rates of about 15% in case of TILs > 10% (31). With all the
limitations of cross-study comparisons and potential biases related to
patient selection, in our trial we observed a 71% pCR rate (5/7) for
patients with TILs > 10%.

We condensed the independent association of TILs and Basal
subtype with pCR in a score that showed a high sensitivity and
specificity for pCR prediction. Although this score should be further
validated, our findings suggest that both biomarkers should be
incorporated into the design of trials of chemoimmunotherapy for
HR-positive, HER2-negative breast cancer.

We defined by mIHC a set of immune cell populations with
significant higher levels in pCR versus non-pCR patients at base-
line, including cytotoxic T cells, T regulatory cells, and immune
checkpoint-expressing cells. Our data suggest that a proportion of
LumB-like tumors displays an initial state of tumor inflammation
counterbalanced by immunosuppressive elements, an immune
profile that may define tumors more prone to respond to chemo-
therapy and immunotherapy sequence.

We also observed potential correlates of an immunogenic effect of
anthracycline-based chemotherapy. After exposure to epirubicin-
cyclophosphamide, we described an enrichment in TILs, intratumoral
activated T cytotoxic cells, and a depletion of immunosuppressive cells.
Our observations for early LumB-like breast cancer are consistent with
the TONIC trial, showing that two low doses of doxorubicin turned the
tumor immune microenvironment of metastatic triple-negative breast
cancer into a more inflamed state (13). Finally, our data also suggest
that exposure to nivolumab further enhanced the antitumor immune
response in patients not achieving a pCR. Whether the immune
infiltrate composition on residual disease after neoadjuvant chemo-
therapy has an impact on long-term prognosis deserves to be further
investigated.

This study has limitations. It is a nonrandomized trial with a limited
sample size; tissue samples at each timepoint were not evaluable for all
included patients, and biomarker analyses were not corrected for
multiplicity due to their exploratory nature. Therefore, the results
must be considered as hypothesis-generating only. In our trial, it is
impossible to fully disentangle the contribution of chemotherapy,
immunotherapy, and endocrine therapy. However, the association
between an increased expression of immune biomarkers and pCR rate
revealed by translational analyses supports the initial hypothesis that
the activity of the GIADA regimen as a whole is based on immune-
related processes to a substantial extent. With regard to potential
immunomodulatory effects of endocrine therapy, the observation of
an increase in the CD8*/CD4™" T cells ratio from t1 to t2 is consistent
with previous data comparing tumor samples before and after expo-
sure to aromatase inhibitors. Relevant strengths include the study
design; being the first study to test immunotherapy as part of the
neoadjuvant treatment of HR-positive, HER2-negative breast cancer,
the inclusion of a selected LumB-like population further dissected
by molecular subtype and the integration of mIHC as part of the
translational analyses.

In conclusion, although the study is formally negative, we reported
an interesting rate of pCR and residual cancer burden class 0-1 with a
sequence of anthracyclines and nivolumab combined with endocrine
treatment for LumB-like breast cancer patients. Coupling clinical data
with molecular and tissue-based biomarkers, we generate hypotheses
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that may contribute to change the way LumB-like is considered from
an immunogenic perspective by identifying a subset of LumB-like
breast cancer that could be particularly sensitive to chemotherapy and
immunotherapy combinations, and by describing that the immune
environment of LumB-like tumors might be modulated by treatment
toward a more inflamed state.

Development of immunotherapy for early HR-positive, HER2-
negative breast cancer is challenging. The risk of immune-related and
long-term toxicities must be taken carefully into account in the light of
generally good clinical outcomes for these patients. The identification
of biomarkers potentially predictive of benefit from immunotherapy is
crucial to guide proper patient selection. Ideally, future trials should be
limited to HR-positive, HER2-negative breast cancer patients at higher
risk of relapse and presenting with chemosensitive/immunogenic
features as suggested by the GIADA and I-SPY 2 studies (i.e., Basal
molecular subtype, high risk by MammaPrint, high immune infiltrate,
high expression of immune signatures) and should evaluate the gain of
a chemoimmunotherapy regimen as compared with standard chemo-
therapy. In this perspective, our results generate new hypotheses that, if
validated, could trace the path of immunotherapy development in
LumB-like breast cancer.
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