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Abstract

Background: The optimal treatment approach for hormone receptorpositive/HER2-negative metastatic breast cancer (HR+/HER2-negative
MBC) with aggressive characteristics remains controversial, with lack of randomized trials comparing cyclin-dependent kinase (CDK)4/6-inhibitors
(CDK4/6i) + endocrine therapy (ET) with chemotherapy + ET.

Materials and methods: \We conducted an open-label randomized phase Il trial (NCT03227328) to investigate whether chemotherapy + ET is
superior to CDK4/6i + ET for HR+/HER2-negative MBC with aggressive features. PAM50 intrinsic subtypes (IS), immunological features, and
gene expression were assessed on baseline samples.

Results: Among 49 randomized patients (median follow-up: 35.2 months), median progression-free survival (mPFS) with chemotherapy + ET
(11.2 months, 95% confidence interval [Cl]: 77-15.4) was numerically shorter than mPFS (19.9 months, 95% Cl: 9.0-30.6) with CDK4/6i + ET
(hazard ratio: 1.41, 95% CI: 0.75-2.64). Basal-like tumors under CDK4/6i + ET exhibited worse PFS (mPFS: 11.4 months, 95% CI: 3.00-not
reached [NRI]) and overall survival (OS; mOS: 18.8 months, 95% Cl: 18.8-NR) compared to other subtypes (mMPFS: 20.7 months, 95% Cl: 9.00-
33.4; mOS: NR, 95% CI: 24.4-NR). In the chemotherapy arm, luminal A tumors showed poorer PFS (mPFS: 5.1 months, 95% Cl: 2.7-NR) than
other IS (MPFS: 13.2 months, 95% Cl: 10.6-28.1). Genes/pathways involved in BC cell survival and proliferation were associated with worse
outcomes, as opposite to most immune-related genes/signatures, especially in the CDK4/6i arm. CD24 was the only gene significantly associ-
ated with worse PFS in both arms. Tertiary lymphoid structures and higher tumorinfiltrating lymphocytes also showed favorable survival trends
in the CDK4/6i arm.

Conclusions: The KENDO trial, although closed prematurely, adds further evidence supporting CDK4/6i + ET use in aggressive HR+/HER2-
negative MBC instead of chemotherapy. PAM50 IS, genomic, and immunological features are promising biomarkers to personalize therapeutic
choices.
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Implications for Practice

The KENDO randomized trial, although closed prematurely, adds to the current evidence supporting CDK4/6-inhibitors (CDK4/6i) + endocrine
therapy (ET) instead of chemotherapy in hormone receptorpositive(HR+)/HER2-negative metastatic breast cancer, including in case of
aggressive features/endocrine-resistance, where randomized trials comparing the 2 strategies are scarce. Additionally, translational
tissue-based analyses suggested the potential for PAM50 subtypes and ROR-P categories in predicting response to chemotherapy
or CDK4/6i + ET. High tumorinfiltrating lymphocytes, genomic immune signatures, and, for the first time, tertiary lymphoid structures
showed favorable survival trends, especially with CDK4/6i + ET, highlighting the importance of further studying the implications of tumor
biology and immune composition for optimizing therapeutic choices.

Introduction

Hormone receptor-positive(HR+)/HER2-negative breast can-
cer (BC) represents more than 65% of all BC.! During many
years, in the metastatic setting, all major guidelines recom-
mended endocrine therapy (ET) as the preferable upfront
treatment choice, unless in case of visceral crisis, but there
were no evidences based on randomized trials supporting
this recommendation, especially with regard to more recent
chemotherapy (CT) and ET agents.? In that context, the
KENDO trial was initially conceived as a randomized phase
II study comparing ET alone versus CT + ET as first-line in
HR+/HER2-negative metastatic BC (MBC). In recent years,
cyclin-dependent  kinase (CDK)4/6-inhibitors (CDK4/6i;
ie, palbociclib, ribociclib, or abemaciclib) in combination
with an aromatase inhibitor (Al) or fulvestrant for the first/
second-line setting, significantly improved progression-free
survival (PFS) and overall survival (OS) compared to ET
alone,>* becoming the standard upfront therapy for HR+/
HER2-negative MBC.’ For this reason, the KENDO trial’s
protocol was amended to compare head-to-head a CDK4/6i-
based first/second-line regimen to a CT of physician’s choice,
in a context of aggressive/poor endocrine sensitive disease,
to demonstrate the superiority of CT +/- ET in this patient
population. However, a network meta-analysis in 2019, com-
paring all first/second-line ET-based and CT-based regimens
for HR+/HER2-negative MBC in postmenopausal women,
confirmed the superior PFS of ET combinations with targeted
agents with respect to endocrine monotherapies and showed
similar efficacy and activity to CT-based regimens, as well.?
Subsequently, palbociclib + ET demonstrated comparable
outcomes to capecitabine in the PEARL randomized phase I1I
trial in postmenopausal patients and even superior PFS in pre-
menopausal women in the Young-PEARL randomized phase
I study.*” The KENDO trial was then early-stopped due to
unsuccessful accrual. Here we present the results for the pri-
mary endpoint, main secondary clinical endpoints, and a set
of correlative biomarker analyses in tumor tissues to identify
potential prognostic and predictive genomic and immunolog-
ical features.

Methods

Study Design and Participants

KENDO was a multicenter, 2-arm, group-sequential
response-adaptive open-label randomized phase II trial
designed at the IRCCS-IRST Meldola (Italy) to compare the
efficacy and safety of CT +/- ET (concomitant or as mainte-
nance) compared to a CDK4/6i + ET as first/second-line treat-
ment for patients with HR+/HER2-negative metastatic or
locally-advanced not resectable BC, with doubtful endocrine
sensitivity, primary endocrine resistance, or characteristics of

aggressiveness that made patients potentially eligible for CT
according to their treating physician. Patients had to be post-
menopausal women, or premenopausal women undergoing
treatment with GnRH analog (GnRHa), or men, aged > 18
years, with measurable disease according to Response
Evaluation Criteria in Solid Tumours (RECIST) 1.1, or dis-
ease not measurable but evaluable. A histological diagnosis
of HR+ (estrogen receptor [ER] > 10% of tumor cells)/HER2-
negative (according to ASCO/CAP guidelines 2018)° BC,
determined by a local laboratory on the most recent avail-
able tumor tissue was required. Patients must be CT-naive
for advanced disease, but up to one prior line of ET for MBC
was allowed. Collection of formalin-fixed, paraffin-embedded
(FFPE) breast tissue samples from the metastatic or pri-
mary tumor was mandatory at baseline (archived or newly
obtained). ER, progesterone receptor (PgR), Ki67, and HER2
status were assessed locally according to main international
guidelines.”!" Detailed inclusion/exclusion criteria and rele-
vant definitions are reported in Supplementary Methods.

Randomization, Masking, and Study Procedures
The patients were allocated (1:1) according to block ran-
domization until 2 events were observed in each arm, and
then according to the time-to-event adaptation of the group
sequential Doubly-adaptive Biased Coin Design.

Patients in arm A received a CDK4/6i in combination with
an AL or fulvestrant,'? based on previous treatments. Patients
in arm B received a CT regimen at the discretion of the treat-
ing physician among those commonly accepted as standard
according to local guidelines. CT could be stopped before
disease progression (PD), but not before 4-6 months, if not
clinically indicated, and followed by ET (an Al or fulvestrant)
as maintenance treatment. ET could be administered also
concomitantly to CT. Premenopausal patients treated only
with ET (in arm A or as maintenance in arm B) also received
a GnRHa of physician’s choice. Crossover was allowed after
PD. Treatments were continued until PD, patient’s with-
drawal, or unacceptable toxicity. Study procedures are fully
reported in Supplementary Methods.

Laboratory Procedures and Immunopathology

For exploratory genomic analyses a minimum of ~100 ng of
total RNA was used to measure the expression of 776 genes
included in the Nanostring Breast Cancer 360 (BC360) assay,
on a nCounter platform (Nanostring Technologies, Seattle,
WA). The full list of assessed genes and signatures is reported
in Supplementary Table S1. The research-based PAMS0 assay
was used for intrinsic subtyping and risk-of-relapse (ROR)-P
score calculation’!® (Supplementary Methods). In addition,
the presence of tumor-infiltrating lymphocytes (TILs) was
evaluated with hematoxylin and eosin (H&E) staining, by
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assessing the percentage of tumor stromal area occupied by
lymphocytes, following international recommendations.!'®
The presence of tertiary lymphoid structures (TLS)'” was also
assessed in H&E slides from FFPE samples (Supplementary
Methods). Tumor immune pattern was then defined as
inflamed, excluded, or desert, according to the amount and
spatial distribution of the inflammatory infiltrate present.'®

Study Outcomes and Statistical Analysis

The study’s primary objective, after a protocol amend-
ment (protocol included as Supplementary Material), was
to demonstrate the superiority of CT +/- concomitant and/
or maintenance ET over CDK4/6i + ET in terms of PFS.
Secondary objectives reported in this analysis included: time-
to-treatment-failure, overall response rates (ORR) based on
best response, duration of response (DOR), clinical benefit
rate (CBR), OS, toxicity (CTCAE version 5.0), correlative
exploratory prognostic and predictive biomarker analyses
on baseline tumor tissue (primary tumor or metastatic tissue,
depending on which sample was used for study inclusion).

Descriptive statistics were reported for patients and
tumor characteristics. Time-to-event data were analyzed
using Kaplan-Meier curves and comparisons between
cohorts of interest were performed using the log-rank test.
Unadjusted and adjusted hazard ratios (HR) were calcu-
lated using Cox proportional-hazard models. Two-sided
95% confidence intervals (CI) for each HR were esteemed.
Logistic regressions were conducted to explore associa-
tions with ORR, CBR, and TLS by calculating odds ratios
(OR) with 2-sided 95% CI. Predictivity was assessed with
receiver operator characteristic curves and evaluation of
area under curve (AUC) with 95% CI.

The maximally selected rank statistics (MSRS) method"
was used to identify exploratory cut-offs for genomic signa-
tures, genes of interest or TILs, and assess their association
with PFS or OS. Since the study did not reach the required
sample size (7 = 150), all the analyses presented in this report
are intended to be hypothesis-generating, with a significance
level set at P < .05, without adjustments for multiplicity.

Baseline gene expression difference between the 2 treat-
ment cohorts was assessed with 2-class unpaired SAM analy-
sis, with a false discovery rate (FDR) < 5%.'

All study objectives, with endpoint definitions and detailed
statistical analysis are reported in Supplementary Methods.

All statistical analyses were performed with R version
3.6.1%° and SPSS version 24 (IBM Corp. Released 2016. IBM
SPSS Statistics for MacOS, Version 24.0. Armonk, NY: IBM
Corp.) for MacOSX. The study is registered with EudraCT
number 2016-004107-31 and clinical trial registration num-
ber NCT03227328.

Results

Population Characteristics and Treatment Details

A total of 52 patients from 10 Italian institutions were assessed
for eligibility. Of these, 49 were ultimately randomized, with
17 (34.7%) being assigned to arm A, and 32 (65.3%) to arm
B. More details on patient inclusion and tissue availability are
reported in Supplementary Fig. S1.

All patients assigned to a specific treatment arm received at
least one dose of the preplanned medication. No significant
differences at baseline were observed between the 2 treat-
ment arms in terms of main clinicopathological and tumor
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molecular features, except for higher proportion of TLS in
arm B (P = .013). Population characteristics are fully reported
in Table 1. In arm A, CT alone was only administered in 6.3%
patients, while in most cases (62.5%) patients stopped CT
after 4-6 months and received ET maintenance. Concomitant
and/or maintenance ET consisted exclusively of an Al. The
majority of patients in arm B received capecitabine-based reg-
imens (68.8%) and none received a regimen containing both
anthracycline and taxanes. The only taxane administered was
paclitaxel in weekly schedule. The treatments administered
are fully reported in Table 2.

Primary Endpoint and Other Efficacy and Activity
Endpoints

At a median follow-up of 35.2 months (95% CI: 30.6-43.7),
15 (88.2%) patients in arm A and 29 (90.6%) patients in arm
B had experienced a PFS event, with a median PFS (mPFS)
for arm A of 19.9 months (95% CI: 9.0-30.6) and mPFS for
arm B of 11.2 months (95% CI: 7.7-15.4; B vs. A HR: 1.41,
95% CI: 0.75-2.64, P = .289). The median OS (mOS) for arm
A was not reached (NR) at the time of analysis (95% CI:
24.4 months-not estimable[NE]), while for arm B it was 30.6
months (95% CI: 24.5-NE), although the difference was not
statistically significant (P =.283; Fig. 1). Four deaths were
observed during the study directly associated with tumor pro-
gression, 1 in arm A and 3 in arm B. Crossover upon PD
concerned 4 patients in total, 3 from the CT arm and 1 from
the CDK4/6i arm.

No patient stopped the treatment due to toxicity, with-
drawal, or other causes unrelated to PD or death. No stan-
dard clinicopathological variables (Supplementary Methods)
were found to be significantly associated with PFS and OS
(all P >.05).

Although not significant (P =.260), ORR with
CDK4/6i + ET doubled the ORR observed in the CT arm
(31.3% vs. 16.7%), with numerically longer DOR (12.6 vs.
7.0 months, P =.368). CBR was similar between the 2 arms
(Supplementary Table S2).

Safety analysis is reported in Supplementary Results.

Genomic Correlative Biomarker Analyses

When we applied the PAMS0 algorithm for intrinsic subtyp-
ing in baseline tumor samples, overall, 26 (56.5%) tumors
were found to be luminal and 20 (43.5%) were non-luminal
(Table 1). The most prevalent PAMS50 ROR-P score cate-
gory was ROR-intermediate (54.3%; Table 1). No significant
gene expression differences (all FDR > 5%) and no differ-
ences in the distribution of PAMSO intrinsic subtypes (IS)
and ROR-P categories were observed between the 2 cohorts
(Supplementary Fig. S2; Table 1). In general, luminal versus
non-luminal tumors were not dissimilar in terms of PFS and
OS (Supplementary Fig. S3). However, when dissecting by
the treatment arm, we noticed that under CDK4/6 inhibition
and ET, basal-like tumors showed the numerically worse PFS
(median 11.4 months, 95% CI: 3.00-NE) and OS (median
18.8 months, 95% CI: 18.8-NE), compared to the other sub-
types (mPFS: 20.7 months, 95% CI: 9.00-33.4; mOS: NR,
95% CI: 24.4-NE; Fig. 2). Conversely, in the CT arm, lumi-
nal A tumors performed numerically worse in PFS (median
5.1 months, 95% CI: 2.7-NE) than other IS (median 13.2
months, 95% CI: 10.6-28.1). Nevertheless, OS was similar
between luminal A (median 28.7 months, 95% CI: 5.8-NE)
and other IS (median 30.6 months, 95% CI: 20.2-NE; Fig. 2).
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Table 1. Population characteristics.

Population ARM A ARMB P
demographics
N % N %
17 34.7 32 65.3
Age at randomization
Median 64 — 62 — .366
IQR 55-67 50-69
Race/ethnicity
White/Caucasian 17 100.0 32 100.0 —
Other 0 0.0 0 0.0
Sex
Female 17 100.0 32 100.0 —
Male 0 0.0 0 0.0
Menopausal status at randomization
Premenopausal 2 12.5 6 21.4 460
Postmenopausal 14 87.5 22 78.6
Overall 16 94.1 28 87.5
Metastatic status at randomization
De novo 3 17.6 12 37.5 151
Relapsed 14 82.4 20 62.5
Neo/adjuvant CT in relapsed patients
Yes 8 571 8 38.1 .268
No* 6 42.9 13 61.9
Overall 14 82.4 21 65.6
Neo/adjuvant ET in relapsed patients
Yes 14 82.4 26 81.3 924
No* 3 17.6 6 18.8
Study treatment line
First 16 94.1 28 87.5 466
Second 1 5.9 4 12.5
Number of metastatic sites
<3 10 58.8 22 68.8 487
>3 7 41.2 10 31.2
Tissue sample for randomization
Primary tissue 7 41.2 17 531 426
Metastatic tissue 10 58.8 15 46.9
Metastatic spread
Bone-only 3 17.6 6 18.8 .969
Non visceral/ 7 41.2 12 37.5
non-bone-only
Visceral 7 41.2 14 43.7
Endocrine sensitivity
Sensitive 13 76.5 29 90.6 178
Primary resistant 4 23.5 3 9.4
Secondary 0 0.0 0 0.0
resistant
Estrogen receptor (%)
ER 10-50% 2 11.8 3 9.4 793
ER > 50% 15 88.2 29 90.6
Progesterone receptor (%)
<20 6 35.3 14 43.8 .566
220 11 64.7 18 56.3
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Table 1. Continued
Population ARM A ARM B I
demographics
N % N %
17 34.7 32 65.3
KI67 (%)
<20 4 30.8 7 31.8 949
220 9 69.2 15 68.2
Overall 13 76.5 22 68.8
PAMSO0 intrinsic subtype
Luminal A 3 17.6 7 24.1 721
Luminal B 6 35.3 10 34.5
HER2E 1 5.9 4 13.8
Basal-like 2 11.8 1 3.4
Normal-like N 29.4 7 24.1
Overall 17 100.0 29 90.6
ROR-P
Low 3 17.6 S 17.2 988
Intermediate 9 52.9 16 55.2
High S 29.4 8 27.6
Overall 17 100.0 29 90.6
Tumor-infiltrating lymphocytes (%)
Median 3 — 4.5 — 129
IQR 1-5 — 2—12.8 —
TLS* (w/wo germinal centers)
Yes 2 12.5 14 50.0 .013
No 14 87.5 14 50.0
Overall 16 94.1 28 87.5
Immune pattern
Inflamed 2 12.5 7 25.0 295
Excluded 0 0.0 2 7.1
Desert 14 87.5 19 67.9
Overall 16 94.1 28 87.5

Endocrine resistance was defined according to ESMO guidelines criteria.’
Immune pattern was defined according to Chen DS et al.'® P-values are
referred to chi-square or Fisher’s exact test in case of proportions, where
indicated, or to Mann-Whitney U test in case of continuous variables.
Significant P-values are reported in italics.

Overall identifies the number of patients per arm for whom the
information is available for a specific variable.

*Includes patients with de novo metastatic disease.

“Including every lymphoid aggregates more or less organized.
Abbreviations: Arm A: CDK4/6i-based arm; Arm B: chemotherapy-based
arm; ER: estrogen receptor; IQR: interquartile range; ROR-P: PAMSO0 risk
of relapse score including subtypes and proliferation signatures.

When comparing the performance of each IS according
to the treatment arm, we noticed that luminal B and HER2-
enriched (HER2E) tumors showed very similar PFS and OS
(not shown). Differently, luminal A, if treated with CT rather
than CDK4/6i + ET, showed numerically worse PFS (mPFS
5.1[95% CI: 2.7-NE] vs. 20.7 months [95 % CI: 6.3-NE]) and
0OS (mOS 28.7 [95% CI: 5.8-NE] vs. NR [95% CI: NE-NE]),
whereas basal-like showed the opposite (mPFS 13.3 [95%
ClL: NE-NE] vs. 11.4 months [3.0-NEJ; mOS 41.2 [95% ClI:
NE-NE] vs. 18.8 months [95% CI: 18.8-NE]; Supplementary
Fig. S3). To note, one of the 2 basal-like tumors in arm A was
associated with a germline BRCA2 mutation and showed sig-
nificantly higher PFS and OS than the other basal-like in the
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Table 2. Study treatments.

Study treatment details Study population
N %
49 100.0
ET + CDK4/6i 17 34.7
CDK4/6i
Palbociclib 7 41.2
Ribociclib 6 35.3
Abemaciclib 4 23.5
Endocrine partner
Aromatase inhibitor 10 58.8
Fulvestrant 7 41.2
Chemotherapy (+ET ) 32 65.3
Strategy
Concomitant ET + maintenance 10 31.3
Only maintenance ET 20 62.5
Chemotherapy alone 2 6.3
CT type
Anthracycline-based 6 18.8
Taxane-based 4 12.5
Capecitabine monotherapy 14 43.8
Capecitabine + vinorelbine 8 25.0
Time to study treatment start from metastatic diagnosis
Overall population median (months) 1.1 —
Overall population IQR (months) 0.6-1.5 —
Arm A median (months) 0.5 —
Arm A IQR (months) 0.8-1.1 —
Arm B median (months) 1.2 —
Arm B IQR (months) 0.8-2.0 —

Taxane-based regimens consisted in intravenous (i.v.) weekly (qw)
paclitaxel; anthracycline-based regimens include: i.v. liposomal
doxorubicin + cyclophosphamide every 3 weeks (q3w) and standard
doxorubicin + cyclophosphamide q3w.

Abbrteviations: CT, chemotherapy; ET, endocrine therapy; CDK4/61,
CDK4/6-inhibitors; IQR, interquartile range; arm A, ET + CDK4/6i; arm
B, CT(+/-ET).

same arm (mPFS 19.9 vs. 3.0 months and mOS 47.4 vs. 18.8
months, respectively).

In terms of ROR-P, despite not being associated with PFS
and OS as continuous variable (P > .05 in all cases), in arm
A, ROR-P-intermediate versus ROR-P-low/-high tumors
showed significantly better PFS (HR: 0.21, 95% CI: 0.06-
0.67, P =.009) and OS (HR < 1.0, 95% CI not evaluable,
log-rank P =.001; Fig. 2). In arm B, there were no significant
differences in PFS and OS, or specific trends, based on ROR-P
(log-rank P =.558 and P = .839, respectively).

We performed several univariate survival analyses to eval-
uate the association with PFS and OS of all genes of interest,
as continuous variables. CD24 was the only gene showing a
significant association with PFS in both arms A (HR: 1.50,
P =.040) and B (HR: 1.46, P =.025). The association was
independent of the treatment arm and main clinicopatholog-
ical/molecular features (adjusted HR: 2.23, 95% CI: 1.36-
3.65, P =.001). More details are reported in Supplementary
Results.
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We subsequently calculated several biologic signatures of
interest associated with biological pathways or BC biology
(Supplementary Table S1). When considered as continuous
variables, none of them was associated with PFS or OS. When
dichotomizing them by using the MSRS method, we observed
that in the CDK4/6i-treated cohort, higher levels of hedge-
hog, JAK-STAT, MAPK, PI3K, and Wnt pathway signatures,
PAMS50 HER2 and proliferation, and ER signaling signatures
were significantly associated to better PFS and OS (except the
HER2 and Wnt signatures; Fig. 3). Higher levels of adhesion,
migration, and PAMS0 basal signatures were significantly
associated with worse OS, while higher levels of the PAMS50
luminal signature provided better OS (Fig. 3). Differently, in
arm B, only higher levels of the PAMS50 luminal and Notch
pathway signatures were significantly associated with better
PFS (P =.02 and P =.04), with the former also associated
with better OS (P = .02; not shown).

Immune Biomarker Analyses

None of the immunologic signatures assessed (Supplementary
Table S1) was significantly associated with PFS, or OS, as con-
tinuous variable. When dichotomizing them according to the
MSRS method, we observed that higher levels of the TGF-
beta signature were significantly associated with better PFS
and OS in arm A and PFS in arm B, higher levels of a cyto-
kine/chemokine signature were associated with better PFS in
arm A, and higher levels of a mast cells signature was associ-
ated with worse OS in both arms. In arm B, higher levels of
a macrophages signature and an antigen presentation signa-
ture were associated with worse and better OS, respectively,
whereas higher levels of an immune infiltration signature and
cytotoxic cells were associated with better PFS and higher lev-
els of a CD8 T-cell signature were associated with better PFS
and OS (Fig. 4).

Regarding immunologic feature at immunohistochemistry
(IHC), after applying the MSRS method, we observed that
higher TIL levels were significantly associated with better PFS
(P =.003) and OS (P =.0035) in arm A, but not in arm B (Fig.
4). Also, in arm A, the immune desert pattern and absence
of TLS were numerically associated with poorer outcomes
than immune inflamed pattern and presence of TLS, with or
without germinal centers (GC; Figs. 5, 6 and Supplementary
Results). In arm B, patients with immune inflamed tumors,
compared to immune desert and excluded did not reach
mOS at the time of analysis, and the presence of TLS showed
numerically longer OS (Figs. 5, 6; Supplementary Results).

A trend for association with ORR was observed for
the immune inflamed pattern and TLS presence in arm A
(OR > 1.0 in both cases), not in arm B.

In our cohort, TILs were weakly positively correlated to
the HER2E score, antigen presentation, macrophages, CD8
T cells, immune infiltration and cytotoxic cells signatures and
LAGS3 (representing exhausted T cells) levels and moderately
positively correlated to CD19 levels (Supplementary Fig. S4;
Supplementary Table S3).

Finally, TILs (OR: 1.40, 95% CI: 1.12-1.75, P =.004),
CD19 (OR: 1.81, 95% CI: 1.17-2.81, P =.008), and
CXCL13 (OR: 2.57, 95% CI: 1.47-4.51, P =.001) mRNA
levels were significantly associated to the presence of TLS, dif-
ferently from PAMSO0 signatures, other immune genes/signa-
tures and ROR-P (all P > .05). CD19 and CXCL13 predicted
TLS presence with an AUC of 0.80 (95% CI: 0.66-0.95) and
0.83 (95% CI: 0.70-0.97), respectively, demonstrating very
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Figure 1. PFS and OS according to treatment arm. Abbreviations: PFS: progression-free survival; OS: overall survival; HR: hazard ratio; Cl: confidence
interval;, arm A: CDK4/6i + ET; arm B: chemotherapy +/— concomitant or maintenance ET.

good predictive capacity. Exploratory cut-offs obtained with
Youden Index are reported in Supplementary Fig. S4.

Discussion

The KENDO randomized phase II trial did not complete the
planned accrual, thus lacking sufficient statistical power to
demonstrate the superiority of upfront CT +/- ET with respect
to CDK4/6i + ET in HR+/HER2-negative MBC with charac-
teristics of aggressiveness and/or endocrine resistance. Instead,
although not statistically significant, clinically meaningful PFS

and OS improvements with CDK4/6i + ET were observed.
Results were in line with recent evidence from 3 randomized trials,
including the recent RIGHT-Choice, where a first-line ribociclib-
based regimen was superior to multiagent CT in patients with
aggressive disease, including visceral crisis.*?! Notably, ET was
never added to CT or administered as maintenance after stop-
ping CT before PD in previous trials. In the KENDO, it did not
seem to add any additional benefit. We then performed a large
set of exploratory correlative biomarker analyses to evaluate the
prognostic and/or predictive role of genomic tumor and immune
features, on baseline tumor samples.
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Figure 2. PFS and OS according to PAM50 IS and ROR-P. Abbreviations: A, PFS and OS in arm A and B based on PAM50 IS; B, PFS and OS in arm A,
according to ROR-P category; PFS, progression-free survival; OS, overall survival; IS, intrinsic subtypes; ET, endocrine therapy; ROR, risk-of-relapse

score.

BC IS are biologic entities with prognostic and predic-
tive role, beyond standard IHC parameters," including in
HR+ MBC.? Luminal A is the subtype usually associated
with the best prognosis, whereas basal-like is the subtype
experiencing the worst, according to the published litera-
ture.?? Although in HR+/HER2-negative BC the vast majority
of tumors are molecularly luminal A or B, in advanced stage

the proportion of aggressive, less ET-sensitive, non-luminal IS
is higher than in early setting.”® In fact, in our study, where
>50% tumor samples came from metastatic biopsies, 43.5%
tumors were non-luminal. In the KENDO trial, despite the
absence of PFS and OS difference between luminal and
non-luminal tumors globally, interesting trends were observed
according to treatment arm. Namely, basal-like tumors under
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Figure 3. Significant associations with survival outcomes of selected PAM50 and BC360 signatures in arm A. The cut-offs were calculated using the
Maximally Selected Rank Statistics method. Abbreviations: PFS, progression-free survival; OS, overall survival; ER, estrogen receptor.

CDK4/6i + ET had shorter PFS and OS compared to other
subtypes, while in the CT cohort, luminal A were those per-
forming worse. Consistent findings were observed when com-
paring separately luminal A in arm A versus B and basal-like
in arm A versus B, although the restricted number of cases
requires caution. Validation in more adequately powered
studies is needed to draw more solid conclusions.

To note, one of the 2 basal-like tumors in arm A was ger-
mline BRCA2-mutant and showed exceptional survival out-
comes. Similar responses in BRCA-mutant patients were
observed in some reports, although the evidence is conflicting
and mostly pointing toward worse prognosis, so far.2#2¢

Interestingly, ROR-P was prognostic only in the CDK4/6i
arm. ROR-P takes into account the expression of proliferation-
related and tumor biology-related genes. It might be possi-
ble that such a parameter could be able to identify tumors
with biological features that make them specifically sensitive
to a combination of drugs that both target tumor biology (ie,
ET) and proliferation (ie, CDK4/6i). In fact, it was the inter-
mediate cohort to perform better in PFS/OS, suggesting that
ROR-P-low tumors might have biological features that make

them less sensitive to CDK4/6 inhibition (eg, less prolifera-
tive) and ROR-P-high might be too aggressive, requiring more
escalated strategies. In this perspective, biologically driven
approaches might be envisioned; for example, basal-like
might undergo treatment with CT-based regimens, luminal
A/B and ROR-P-high tumors might receive additional target
therapies (eg, AKT, HDAC, or mTOR inhibitors) in combi-
nation with a CDK4/6i + ET backbone, etc. Interestingly, the
ongoing SOLTI-HARMONIA (NCT05207709) is the first
randomized phase III trial attempting to tailor the treatment
choice for HR+/HER2-negative MBC by selecting patients
based on PAMSO IS, thus according to tumor biology beyond
IHC HR status.

Noteworthy, higher levels of expression of some genes and
especially genomic signatures associated with cancer prolifer-
ation and survival (eg, PI3K, MAPK, Hedgehog, Wnt, JAK-
STAT, and ER signaling) seemed to be prognostically favorable
under CDK4/6i + ET, with detrimental or no effect under CT.
A biological environment more prone to respond to a thera-
peutic regimen targeting ER signaling/ER-mediated prolifera-
tion and high proliferating cells might be at the basis of this
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finding. Considering that baseline gene expression did not dif-
fer between the 2 study cohorts, this result seems to further
support the concept that treatment strategies adapted on tumor
biology, should be actively explored in a complex disease like
HR+/HER2-negative MBC, where targeting single gene muta-
tions has been beneficial only in a minority of cases.?”*? In this
view, the recent identification of complex BC biological profiles
in ctDNA, significantly prognostic and predictive of response
to CDK4/6i,% points toward a similar trajectory.

The only gene which expression was found to be signifi-
cantly associated with prognosis in both cohorts was CD24.
This gene codifies for a small glycosyl-phosphatidylinositol-
anchored cell surface molecule, that is predominantly
found in immune cells but is also frequently upregulated in
human tumors.?* Besides immunomodulatory features,® in
solid tumors, CD24 is also considered an indicator of can-
cer stemness, controlling cell migration, invasiveness, and
proliferation.*

This is, as far as we know, the first report on CD24 prog-
nostic role in HR+/HER2-negative MBC in a prospectively-
recruited human patient cohort. This result is coherent with
higher CD24 mRNA levels being associated with shorter
relapse-free survival and higher risk of developing distant
metastases in the TCGA dataset.’® In our study, higher lev-
els of CD24 were independently associated with worse PFS.
Notably, the targeting of CD24 protein has already proved to
be viable in other cancer models.>* Being a surface antigen,
either immune-checkpoint inhibitors, chimeric antigen recep-
tor T cells, or novel potent antibody-drug conjugates target-
ing CD24 might be innovative strategies worthy of pursuing
also in HR+ BC.37%°

Finally, we explore the immune composition of baseline
tumor samples detecting TILs, TLS with/without GC, and sev-
eral genomic immune signatures. In general, only a minority
of tumors were inflamed and TILs levels were mostly low.* In

this context, TLS were present in less than half of patient and
the presence of GC was rare. TLS have been associated with
better prognosis in several cancers, including BC, and might
also correlate with better response to immunotherapy.!”#!-3
However, detecting TLS is not easy because of heterogenous
methodologies, definitions and, especially in BC, pathologists’
inexperience, and scarcity of dedicated training resources.*!**
We found that CD19 and CXCL13 mRNA levels were sig-
nificantly associated with TLS, with very good predictive
capabilities. This finding is consistent with other evidences***
and might represent a way to overcome classical pathology
detection issue, with a standardized and reproducible meth-
odology, if further confirmed in wider BC cohorts.

Notably, at least in this population, correlations between IHC
and genomic immune signatures or immune cell-representing
genes were poor, except for the moderate positive correlation
between CD19 and TILs. Interestingly, higher levels of TILs,
presence of TLS, and immune inflamed pattern were associated
with better outcomes in the CDK cohort, along with TGF-beta
and cytokine/chemokine-related signatures, but not in the CT
arm. Conversely, higher levels of signatures associated with
CD8/cytotoxic immune response and immune infiltration were
associated with better outcomes only in the CT cohort. It is
not clear whether these findings are related to chance or not,
but implications might be that, first, different types of immune
response might be at the basis of differential interaction with
CT or CDK4/6i-based regimens. Second, CT disrupts the
immune system much more than CDK4/6i, as also testified by
higher rates of febrile neutropenia.? This might have an implica-
tion on the prognostic impact of immune infiltrates. Moreover,
CDK4/6i seem to exert some immunomodulatory effect which
might also play a role in their anti-tumor efficacy.*® The thera-
peutic relevance of this interplay requires more study.

This trial is not exempt from limitations. The more obvi-
ous is the lack of power to infer the primary endpoint. While
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this is a key limitation, it is also important to consider that
very few studies have compared in a randomized fashion
CDK4/61 + ET with CT. Moreover, some of the most effective
CT regimens for HR+/HER2-negative BC were used in the
KENDO. Another limitation is that being the study under-
powered, most of the analyses carried out did not reach
statistical significance, hence only apparently relevant numer-
ical trends could be discussed in most cases, making our
results essentially hypothesis-generating. At the same time,
we believe that the statistically significant results observed
acquire more relevance in this context. Worth nothing, while
in principle the trial was open to recruit patients in the first
and second-line setting, ~90% of ultimately included patients
received the study treatment in first line, making final results
sufficiently homogenous in this regard. Importantly, random-
ization substantially worked in balancing the 2 treatment
cohorts with regard to main baseline features, making differ-
ential prognostic findings on genomic and immunologic bio-
markers between the 2 cohorts more intriguing.

To conclude, in the KENDO trial, in line with current evi-
dence, there was no apparent benefit from using CT instead
of CDK4/6i + ET in first/second line of chemo-naive patients
with aggressive/scarcely endocrine sensitive HR+/HER2-
negative MBC. Exploratory biomarker analyses suggested a
potential role for biological tumor features (eg, PAMS0 IS,
ROR-P) and microenvironment immunological composition
(eg, TILs and TLS) in guiding therapeutic choices in this con-
text. CD24 seemed to be a potential therapeutic target, and
mRNA-based CD19 and CXCL13 could act as methodolog-
ically standardized predictors of TLS presence. Adequately
powered studies are now needed to confirm all of these
exploratory findings.
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