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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 suf�cient 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 signi�cant, 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 �rst-line ribociclib- 
based regimen was superior to multiagent CT in patients with 
aggressive disease, including visceral crisis.6,7,21 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 bene�t. 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.

Figure 1. PFS and OS according to treatment arm. Abbreviations: PFS: progression-free survival; OS: overall survival; HR: hazard ratio; CI: con�dence 
interval; arm A: CDK4/6i + ET; arm B: chemotherapy +/� concomitant or maintenance ET.
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BC IS are biologic entities with prognostic and predic-
tive role, beyond standard IHC parameters,15 including in 
HR+ MBC.22 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.22 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.23 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 

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.
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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 �ndings 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 con�icting 
and mostly pointing toward worse prognosis, so far.24-26

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 speci�cally 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 �rst 
randomized phase III trial attempting to tailor the treatment 
choice for HR+/HER2-negative MBC by selecting patients 
based on PAM50 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 

Figure 3. Signi�cant 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.
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Figure 4. Signi�cant associations with PFS/OS of TILs and immune signatures. The cut-offs were calculated using the Maximally Selected Rank 
Statistics method. Abbreviations: PFS, progression-free survival; OS, overall survival; TILs, tumor-in�ltrating lymphocytes.

Figure 5. Survival trends according to TLS presence and treatment arm. (A) Representative images of TILs in�ltration without TLS, with TLS and GC 
or without GC, at hematoxylin and eosin staining. All pathology images in these panels are magni�ed at 10×. (B) Exploratory Kaplan-Meier curves of 
PFS and OS according to study population, based on presence/absence of TLS. The �TLS present� category included TLS with/without clearly visible 
GC. Abbreviations: TILs, tumor-in�ltrating lymphocytes; TLS, tertiary lymphoid structures, including every lymphoid aggregates more or less organized; 
w/o, without; GC, germinal center; m, median; PFS, progression-free survival; OS, overall survival; CI, con�dence interval; NR, not reached; NA, not 
assessable.
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�nding. 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 bene�cial only in a minority of cases.27-32 In this 
view, the recent identi�cation of complex BC biological pro�les 
in ctDNA, signi�cantly prognostic and predictive of response 
to CDK4/6i,33 points toward a similar trajectory.

The only gene which expression was found to be signi�-
cantly associated with prognosis in both cohorts was CD24. 
This gene codi�es for a small glycosyl-phosphatidylinositol- 
anchored cell surface molecule, that is predominantly 
found in immune cells but is also frequently upregulated in 
human tumors.34 Besides immunomodulatory features,35 in 
solid tumors, CD24 is also considered an indicator of can-
cer stemness, controlling cell migration, invasiveness, and 
proliferation.34

This is, as far as we know, the �rst 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.36 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.35 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.37-39

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 in�amed and TILs levels were mostly low.40 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.17,41-43 
However, detecting TLS is not easy because of heterogenous 
methodologies, de�nitions and, especially in BC, pathologists� 
inexperience, and scarcity of dedicated training resources.41,44 
We found that CD19 and CXCL13 mRNA levels were sig-
ni�cantly associated with TLS, with very good predictive 
capabilities. This �nding is consistent with other evidences44,45 
and might represent a way to overcome classical pathology 
detection issue, with a standardized and reproducible meth-
odology, if further con�rmed 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 in�amed 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 in�ltration were 
associated with better outcomes only in the CT cohort. It is 
not clear whether these �ndings are related to chance or not, 
but implications might be that, �rst, 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 testi�ed by 
higher rates of febrile neutropenia.2 This might have an implica-
tion on the prognostic impact of immune in�ltrates. Moreover, 
CDK4/6i seem to exert some immunomodulatory effect which 
might also play a role in their anti-tumor ef�cacy.46 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 

Figure 6. Survival trends according to immune pattern and treatment arm. (A) Representative images of different immune in�ltration patterns at 
hematoxylin and eosin staining. All pathology images in these panels are magni�ed at 10X. (B) Exploratory Kaplan-Meier curves of PFS and OS 
according to study population, based on immune in�ltration pattern. Abbreviations: m, median; PFS, progression-free survival; OS, overall survival; CI, 
con�dence interval; NR, not reached; NA, not assessable.
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