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Successful unconventional precision
treatment of inflammatory hormone
receptor-positive breast cancer guided by

molecular profiling
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We present a unique case of locally advanced, inflammatory hormone receptor (HR) positive, human
epidermal growth factor receptor 2 (HER2)-negative breast cancer in a young woman. A MammaPrint
gene signature performed on the core biopsy indicated a very high risk of recurrence (MammaPrint
high risk 2, MPH2). BluePrint 80-gene signature was used for the molecular subtyping and identified
the tumor as a basal subtype, resembling triple-negative breast cancer (TNBC) despite the strong
estrogen receptor (ER) expression onimmunohistochemical (IHC) staining. We treated the patient with
a TNBC protocol, incorporating carboplatin and immunotherapy into the anthracycline-based
chemotherapy backbone in the neoadjuvant setting. The patient achieved a complete response and
remains to be disease-free after 2 years, with ongoing follow-up.

Inflammatory breast cancer (IBC) constitutes 1-5% of all breast cancer
cases. It is notorious for its aggressive clinical behavior and poor prognosis"”.
It is characterized by rapid onset of symptoms and is defined by the presence
of erythema and edema (peau d’orange) involving at least one-third of the
skin of the breast, often associated with warmth and tenderness. The skin
changes are related to the frequent involvement of dermal lymphatics by
tumor emboli. The diagnosis is primarily clinical, with no need for con-
firmatory skin punch biopsies’.

Conventional breast cancer treatment is guided by immunohis-
tochemistry (IHC) classification, which divides breast cancer into three
main subtypes based on the expression of estrogen (ER) receptor, proges-
terone receptor (PR) and human epidermal growth factor receptor 2
(HER2) protein on the breast cancer cells. More recently, multiple RNA-
based assays are available to categorize heterogeneous breast cancer into
more “functional” molecular subtypes with distinct biological character-
istics and outcomes”. The molecular classification takes into consideration
the downstream active functional pathways in the breast cancer cells rather
than the mere expression of receptors and proteins via IHC staining.

The vast majority of hormone receptor (HR)-positive, HER2-negative
breast cancers have “luminal” molecular subtypes and are highly dependent
on estrogen signaling™’. However, there is accumulating evidence from
multiple reports showing that a small subset of HR-positive breast cancers
defined by IHC were classified as basal molecular subtype by genomic

testing, behaving more similarly to triple-negative breast cancer (TNBC)
regarding biological aggressiveness and outcomes. For instance, the Blue-
Print 80-gene signature molecular classifier* reclassified 15% and 29% of
ER-positive tumors into a basal molecular subtype (ER+/basal) in the
NBRST trial’ and the [-SPY?2 trial®, respectively. These ER-+/Basal tumors
do not exhibit functional hormone signaling pathways despite ER positivity
by IHC, likely due to a non-functioning ER splice variant that blocks any
downstream estrogen-dependent signaling’. This raises the question of
when to leverage molecular data to guide the treatment decisions for these
unique tumors, which could otherwise be undertreated or denied the benefit
of immunotherapy if we were to follow the conventional treatment para-
digms based on their “misleading” IHC classification.

In this report, we present a case of inflammatory ER-positive, HER2-
negative breast cancer with a basal molecular subtype (ER+/Basal), treated
with a TNBC regimen incorporating immunotherapy, achieving an excel-
lent response.

Results

Clinical case

A 30-year-old woman presented to our department with a very painful,
rapidly growing right breast mass and skin discoloration (Fig. 1) over a
period of 3 months. Diagnostic ultrasound showed a 6 cm hypoechoic mass
and several enlarged right axillary lymph nodes with cortical thickening. A
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core biopsy of the primary tumor showed grade 3 infiltrative ductal carci-
noma. ER expression by Allred score was 5/8 (35%, 14), PR was 0/8; HER2
was 1+4. Ki-67 was 90%, while programmed death-ligand 1 (PD-L1) by
combined positive score (CPS) score was 70. Tumor-infiltrating lympho-
cytes (TILs) were 40% (Fig. 2). The lymph node biopsy was negative for
cancer metastasis, but it was discordant. Staging computed tomography
(CT) scan of the chest, abdomen, and pelvis showed a partially necrotic mass
in the right breast compatible with malignancy; enlarged right axillary and
subpectoral lymph nodes suggestive of metastases; otherwise, no evidence of
distant metastasis. Magnetic resonance imaging (MRI) of the breast showed
a6.4 x 6x4.9 cm tumor at 6 o’clock position with a necrotic center. Irregular
non-mass enhancement extended anteriorly towards the nipple and pos-
teriorly towards the chest wall abutting the pectoralis muscle with no evi-
dence of chest invasion. Diffuse skin thickening along the antero-inferior
right breast with maximum thickness of up to 0.5cm was also noted.
Axillary and subpectoral lymph nodes were again demonstrated, the largest
measuring 1.6 X 1.6 cm.

Fig. 1 | The breast appearance at initial presentation with a large right breast mass
and skin discoloration.

Fig. 2 | Tumor-infiltrating lymphocytes on the diagnostic core biopsy (hematoxylin
and eosin-stained, 10x).

MammaPrint signature score on the tumor core biopsy was (—1.00),
which was the highest possible score, indicating an extremely high risk of
recurrence without chemotherapy (MammaPrint high risk 2, MPH2).
BluePrint test confirmed a basal subtype (+0.52) (Fig. 3). Given the
aggressive presentation of her tumor and the basal subtype confirmation by
BluePrint, we opted for a TNBC treatment regimen. She received neoad-
juvant Adriamycin-Cyclophosphamide for 4 cycles, followed by triweekly
carboplatin area under the curve (AUC) 5 for 4 cycles and weekly paclitaxel
for 9 weeks, though the last 3 doses were omitted due to progressive neu-
ropathy. We successfully obtained compassionate use of pembrolizumab
from our institution per the KEYNOTE-522 trial. It was given every 3 weeks
only in the neoadjuvant setting. Following bilateral mastectomy and sentinel
lymph node biopsy without reconstruction, pathology revealed a complete
response (pCR) in the right breast and lymph nodes. The patient completed
adjuvant radiation to her chest wall and chose to take tamoxifen without
ovarian suppression, understanding that her tumor might not be truly
hormone-dependent. She remains disease-free 2 years after her surgery,
with semi-annual surveillance.

Discussion

We report a case of locally advanced HR-positive, HER2-negative invasive
ductal carcinoma manifesting as inflammatory breast cancer, which
achieved an excellent outcome following a tailored neoadjuvant regimen.
The treatment incorporated immunotherapy into a chemotherapy back-
bone, guided by the tumor’s very high MammaPrint score, basal molecular
subtype identified through BluePrint, very high PD-L1 expression, and
abundant TILs.

The addition of immunotherapy to the neoadjuvant chemotherapy
backbone in stage IT and III TNBC became the new standard-of-care in 2022
based on the KEYNOTE-522 trial, where a significant 7% increase in the pCR
rate was seen in the chemo-immunotherapy group compared to the che-
motherapy only group (63% vs 55.6%, p = 0.00055). This led to an increase in
event-free survival (EFS) and a trend towards a favorable overall survival
(OS)". Interestingly, the improved EFS was seen across the entire study
cohort regardless of PD-L1 expression'' and therefore, immunotherapy use
in the neoadjuvant setting is being endorsed by the American Society of
Clinical Oncology (ASCO) guidelines without the need for PD-L1 testing .

The same concept of adding immunotherapy to the chemotherapy
backbone was tested in stage IT and ITI HR-positive breast cancer in two large
phase III trials. In order to enrich for more aggressive/potentially immu-
nologically active tumors, the enrollment focused mostly on grade 3 tumors.
In the Checkmate 7FL trial”, it was shown that the addition of nivolumab
significantly improved the pCR rate in patients with high PD-L1 signal (20.2
vs 44.3%, OR 3.1) compared to PD-L1 negative tumors (14.2 vs 10.7%). The
KEYNOTE-756 trial showed that the addition of pembrolizumab to the
chemotherapy backbone increased pCR rate in the PD-L1 positive tumors
(29.7% vs 19.6%) vs PD-L1 negative tumors (7.2 vs 2.6%)"". However, in
both trials, some grade 3 tumors had low Oncotype DX recurrence scores'
and some Oncotype low-risk tumors still displayed positive PD-L1
expression'®. Therefore, in hindsight, neither the grade nor the PD-L1
expression could perfectly and reliably capture all the tumors that are likely
to respond to immunotherapy.

MammaPrint Index -1.000 -0.570

MammaPrint Risk Group

0.000 +0.355 +1.000

High Risk 2 High Risk 1 UltraLow Risk

| Luminal A |

Blueprint molecular group % Luminal B
Our patient

Fig. 3 | The patient’s MammaPrint score and BluePrint molecular subtype.
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Upon further capitalization on the same immunotherapy concept,
but while incorporating the modern molecular profiling in the selection
criteria for HR+ tumors, a strong signal was identified in the window of
opportunity I-SPY trial, which used the MammaPrint genomic classi-
fier for risk stratification in the neoadjuvant setting. The pCR rate was
shown to be selectively increased in MPH2 tumors but not MPH1
tumors in the Durvalumab-Olaparib-Taxol arm vs standard-of-care
paclitaxel arm—the pCR was (64% vs 22%) in MPH2 compared to (9%
vs 10%) in MPH1". The response signal in MPH2 tumors has been the
basis of the ongoing SWOG 2206 trial (NCT06058377), in which
patients with MPH2 tumor will be randomized to standard-of-care
chemotherapy vs chemotherapy plus durvalumab in the neoadjuvant
setting.

Our patient’s tumor had several predictive factors for her favorable
treatment response. First, her tumor was immunologically active dis-
playing high PD-L1 expression. In fact, in a meta-analysis by Azim et al.
including 2403 patients with non-metastatic TNBC treated with che-
motherapy alone, PD-L1 positive tumors were more likely to achieve
PCR, compared to PD-L1 negative tumors. The authors concluded that
PD-L1 expression is a surrogate marker for chemosensitivity'®. Second,
it had an “ultra-high risk” or in other words, MPH2 score, which is
believed to be a surrogate for response to immunotherapy. Third, the
patient’s tumor also displayed a high TIL percentage (40%). TILs have
been shown to consistently predict a favorable response to immu-
notherapy for breast cancer in the neoadjuvant setting'’ as well as in the
metastatic settingzo. Fourth, the basal molecular subtype is indicative of
its equivalent chemosensitivity to TNBC. In fact, in the NBRST trial’, the
ER+/basal tumors showed high pCR rates approaching that of
ER-/Basal tumors in response to neoadjuvant chemotherapy (34% vs
38%). Additionally, ER+/Basal tumors display higher chemosensitivity
than ER+/luminal tumors in a pooled meta-analysis of 36 public
databases (32% vs 9%)*'. ER+/Basal tumors were also shown to
demonstrate upregulation of immune genes and less expression of ESR1
mRNA differentiating them from luminal tumors and making them
more similar to TNBC/Basal tumors™'. It is very important to highlight
that although the incidence of basal tumors is expectedly higher among
ER low expressing tumors (ER 1-9% positive), which were around 18%
in some reports™. PAMS50 molecular classifier frequently identifies some
tumors with ER expression >10% as basal subtype. Therefore, relying on
the percentage of ER expression to predict the molecular subtype of
breast cancer is not reliable. Last but not least, the concept of adding
immunotherapy to neoadjuvant chemotherapy is being tested in two
ongoing IBC pilot studies with encouraging preliminary results™*.
However, due to the limited number of IBC patients in landmark breast
cancer studies, the general ASCO guidelines for breast cancer treatment
are still applied to the inflammatory category through extrapolation'
and are consistent with the international consensus™.

In conclusion, this case highlights the importance of incorporating
molecular profiling in treatment decisions, as ER expression level alone does
always reliably and precisely predict the molecular subtype.

Methods

The patient provided written informed consent for both participation
and publication of the study. She also provided informed consent to
publish the photograph in Fig. 1. Separate IRB/FDA approval is not
required for off-label use of the checkpoint inhibitor or reporting of
the case.

ER and PR testing
The Allred scoring system for ER and PR detection via IHC staining is a
semi-quantitative method that combines the proportion of positive-staining
cells and the intensity of staining to provide a comprehensive score. This
system is designed to standardize the assessment of ER status in breast
cancer tissues.

The Allred score consists of two components:

* Proportion Score: This score ranges from 0 to 5 and is based on the
percentage of tumor cells that show positive staining: 0: No staining, 1:
<1% of cells, 2: 1-10% of cells, 3: 11-33% of cells, 4: 34-66% of cells, 5:
67-100% of cells.

¢ Intensity Score: This score ranges from 0 to 3 and is based on the
average intensity of the positive staining: 0: No staining, 1: Weak
staining, 2: Moderate staining, 3: Strong staining.

The final Allred score is the sum of the proportion and intensity scores,
resulting in a total score ranging from 0 to 8. A score of 0 indicates no ER
expression, while scores of 3-8 indicate varying degrees of ER positivity.
This scoring system helps to clearly distinguish ER-negative from ER-
positive breast cancers, improving the accuracy and consistency of ER status
assessment™ .

HER2 testing

HER?2 staining by IHC is a method used to evaluate the overexpression of
the HER2 protein in breast cancer tissues. According to the ASCO and the
College of American Pathologists (CAP) guidelines, HER2 THC results are
scored on a scale from 0 to 3+ based on the intensity and completeness of
membrane staining in tumor cells”.

¢ 0: No staining or membrane staining in <10% of tumor cells. This is
considered HER2-negative.

* 1+ Faint or barely perceptible membrane staining in >10% of tumor
cells. This is also considered HER2-negative.

* 2+:Weak to moderate complete membrane staining observed in >10%
of tumor cells. This is considered equivocal and requires further testing
with in situ hybridization (ISH) to determine HER2 gene amplification
status.

¢ 3+:Strong complete membrane staining in >10% of tumor cells. This is
considered HER2-positive.

TILs evaluation

Stromal TILs were enumerated following the methods established by the
International TILs Working Group™’' and reported as a percentage by the
pathologist (ES). TILs were assessed within the boundaries of the invasive
tumor using the core biopsy.

MammaPrint test

MammaPrint is a genomic assay that evaluates the expression of 70 genes in
tumor cells to assess the risk of distant recurrence in early-stage hormone-
positive, HER2-negative breast cancer. It stratifies patients into low-risk and
high-risk categories for distant metastasis, aiding in personalized treatment
decisions regarding the utilization or omission of chemotherapy according
to the designated risk score™.

BluePrint test

BluePrint is an 80-gene molecular subtyping assay that classifies breast
tumors into three primary molecular subtypes: Luminal, HER2 enriched
and Basal. This classification relies on the expression of 80 genes on the
breast cancer cells and provides a more precise molecular characterization
compared to traditional IHC and fluorescence in situ hybridization (FISH)
methods™.

Data availability
The authors declare that data supporting the findings of this study are
available within the paper.
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