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Table 1. Baseline demographics and clinical characteristics are summarized as

COhO rt Desc rl ptlon counts and percentages. Recurrence/progression and patient status represent

Background: Triple-negative breast cancer (TNBC) is the most aggressive subtype with limited targeted options. Immune checkpoint i i follow-up outcomes. NA indicates missing data. . . . . . . . . . . .. .
inhibitors (ICls) have reshaped treatment approaches in both metastatic and early-stage TNBC. In the neoadjuvant setting, ICls tA tita(; Of_t6h0 IE?t'ents with ITNBdC “_ Analysis of TTirAE (irAEs n = 13; no irAEs n = 34): Patients with higher baseline percentage of peripheral plasmacytoid dendritic cells (pDCs) had a lower risk of
combined with chemotherapy improve pathological complete response (pCR) rates over chemotherapy alone. Despite their benefits, | LF€ated Wi > Were analysed. — 50.00 developing irAEs (HR 0.89; 95% Cl 0.80-0.99; p = 0.040; Fig.1A). In contrast, central memory Thl (CM Th1) cells enrichment was linked with increased risk of
ICls pose risks of immune-related adverse events (irAEs), requiring careful patient selection and monitoring. Comprehending the Median age at diagnosis was 54 ) o ] ) . _ . _
immune context may be fundamental for tailoring therapy and predicting outcomes in TNBC. 453 B elETEE S 28 Sl toxicity (HR 2.10; 95% Cl 1.05-4.20; p = 0.036; Fig.1B). Both associations remained significant after adjustment for age and treatment setting (neoadjuvant vs
Methods: Between March 2021 and April 2025, peripheral blood samples were collected at baseline from patients with TNBC treated years (ra nge 29—78) NA 2 3.40 )
with ICls and enrolled in the translational, prospective and multicentre (12 Italian sites) IRIS study investigating circulating immune .. . . ) Neoadjuvant (N) 49 81.70 metastatlc) (Ta b2) Table 2. Multivariate Cox models adjusted for age at diagnosis
cells as predictive or prognostic biomarkers. In 60 patients (49 in the neoadjuvant and 11 in the metastatic setting), The majority received therapy IN  Treatment setting Metastatic (M) 11 18.30 A % pDC (Quintiles) B % Central Memory Th1 (Quintiles) and treatment setting
immunophenotype was performed by flow cytometry (FACS) to characterize circulating B cells, T cells, dendritic cells (DC), and Natural ; ; 0 - 100~ - e -
Kiler cells (NK) by a manual gating strategy. To capture immune cell heterogeneity, high-dimensional analysis was applied, including t- the neoa djuva nt Settmg (82 A)’ 1 — I o pDC LOW (Q1-2) — CM Thl LOW (Q1-2) — dMULL“fIARIATE C52X NLCS)EEL d
distributed stochastic neighbour embedding (t-SNE) for dimensionality reduction and FlowSOM for unsupervised clustering. For while 18% were treated for 2 29 48.30 pDC HIGH (Q3-5)— CM Th1 HIGH (Q3-5)— adjusted for age (f vs 254) an
consistency, datasets were down sampled to 6000 T cells and 1600 B cells per sample, excluding sample below this cut-off ic di T 3 5 8.30 = = treatment setting (N vs M)
(FlowJoTMv10). Statistical analysis included Mann-Whitney U test, univariate and multivariate Cox models for time to first irAE metastatic disease. Most tumours 4 2 3.40 e 075 ——r = o Immune Subset n(event)| HR (95% Qs) .
(TTirAE), defingd as the ?nterval b'etween the fir§t ICl cycle and ons:et of irAE (.any grade), and Logist.ic regression (R soft.ware v.4.{l.3). prese nted as cT2 (48%) a nd were X 2 3.40 E =
Results: Focusing on TTirAE (No irAEs: n = 34; irAEs: n = 13), a higher baseline percentage of peripheral plasmacytoid dendritic cells o . NA 10 16.60 w < pDC 47(13) | 1.88(0.78—-099) |0.046
(pDCs) was associated with a lower risk of irAEs (HR = 0.89; 95% Cl: 0.80 - 0.99; p = 0.040), whereas increased frequencies of CM Th1 clin |ca||y nod e-negatlve (45%) 0 27 45.00 ; 0.50- ; . p— (HLA-DR+CD123-CD11c+) : ‘ : :
cells were linked to a higher risk (HR = 2.10; 95% Cl: 1.05 - 4.20; p = 0.036). These associations remained statistically significant after . 1 1 26.7 = s
adjusting for age at diagnosis and treatment setting. Considering only patients with early-stage TNBC, baseline circulating immune Pembrol |zumab represented the N 2 36 56600 E 5 3 CD4CI\é|J;81+CD45RA 1 5 1 1
pr.ofiling revealed d.istinct differences between patients achieving pCR (n = 29) and those with residual disease (RD, n = 11). Patients predomi nant ICl used (82%)’ with 3 4 6.70 - o (CD4;RO+ZD197+CXCR3+)_ 37(10) | 2.40(1.08-0.99) |0.03
with pCR showed higher percentages of dysfunctional CD4+CD28-Tregs (p = 0.014) and NKT cells (p = 0.038), whereas those with RD . .. . o : = p =0.017 £ 02 _
had increased frequencies of mature plasma cells (p = 0.015) and CM Tc1 cells (p = 0.043). Although not statistically significant, higher ateZOI IZzum ab adm|n Iste red in12 A)- 'I“A X 10 16.60 p=0.035
baseline frequency of CD8+ naive T cells showed a trend toward a positive association with pCR (OR = 1.05; 95% Cl: 1.00-1.11; p = . . 0 Atezolizuma 7 11.60 . ] ] ]
0.068). In contrast, CM Tc1 cells, plasma cells, and transitional marginal zone-like B cells were negatively associated with pCR (OR < IrAEs were Observed In 25/) Of . Typ(::f Pembrolizumab 49 81.70 0.00- ' ' . ' ' | . Flgure 1. Kc;pk;n&'l\i?;z'r‘qju;vetst ftor :/mt?' t; blmznum;v_—relatDeg
1.0;0.070 < p < 0.080). patients, including 15% immunotherapy NA 4 6.70 5 . o e ot b % o : i , i i a versi even sTh /’rf h. DCa ients s rc;/ ied by lase//ne/ p
Conclusion: Our preliminary data highlight the potential utility of peripheral immunophenotyping in TNBC as a non-invasive tool to experiencin rade 3/4 toxicit No 16 75.00 0 5 R 10 1 l:e,:ge;;f'g:s:ncid:nce,gf,e':,;\ll):-s ovgrr(])czﬁo; 5;/56-025,'_;::{};,”;://1
i i icti i i i i ionini - . i : Number at risk umulative | -up,
identify predictive biomarkers and guide patient stratification in immunotherapy-based approaches. o p 5 4 . ¢ 1 2y6 irAEs Yes 14 2500 Number at risk protective association observed in Cox analysis. B) Patients
ver a median t1oliow-up O . pbCcLOw 19 10 3 0 0 0 stratified by CM Th1 cell frequencies. The higher-CM Th1 grou
1 irAEs Grade uen 0 000 CuThilow -2 12 i 1 exhib];ts eary/ier and more jrre Zent irAEs, in /ing with the incrgases
Introduction years (IQR 0.50-1.66), recurrence G3/G4 9 15.00 PDCHIGH 28 23 12 3 1 0 freq 2
. . ) . = e , ) 0 1 . ) CMThLHIGH 147 12 5 1 risk identiﬁed in multivariable models.
. . o . . o . . H H 0, o 5
Triple-negative breast cancer (TNBC) is an aggressive disease with limited targeted | OF progression was observed in 8% Recurrence/ o - - Time (months) n ) |
options!. Immune checkpoint inhibitors (ICls) have improved outcomes across | Of patients (Tab.1). b NA A 6.70 - - fime (monts
- i i ini ; i Alive 56 93.30 . _ B . . . . . . .
both early-stage and metastatic settings, yet clinical benefit remains Patient status Dead 2 00 . p=0.014 | )| o 0.038 Ana.|Iy5|s on Early.sta.ge TNBC cohort: Baseline urcglatmg immune profiles differed between
heterogeneous?3. Moreover, ICls can trigger immune-related adverse events Studv Flowchart NA 1 1.70 . | patients later achieving pCR (n = 29) and those with residual disease (RD, n = 11) (Tab.3).
(irAEs), underscoring the need for reliable biomarkers to identify patients most Y § o Patients with pCR showed higher percentages of dysfunctional Tregs (p = 0.014; Fig.2A) and NK-
c g . . . .
likely to benefit®. A deeper understanding of the immune context in TNBC may o o 2 . T cells (p = 0.038; Fig.2B). In contrast, RD patients had increased frequencies of mature plasma
! | . .
help balance efficacy and toxicity, guiding more precise immunotherapy | [ 20l it i k| bl L e e o . & cells (p = 0.015; Fig.2C) and central memory Tcl (CM Tc1) cells (p = 0.043; Fig.2D).
strategies. consent, and peripheral manual gating, t-SNE Staﬂsh:fal analysgs i‘ ‘ bt PCR group RD group Table 3.  Baseline
blood with clinical data was mapping and FlowSOM R °."t"ef utsmg | * median  IQR  median QR immune cell frequencies
. collected at baseline (T0) clustering to identify appropriate tests N N . ; Dysfunctional Treg (CD3+CD4+CD28-CD127-CD25++) 1.14 1.06 0.18 050 | 0.014 ’r’;pﬁrted";s megizr;egnz
Materlal and MEthOdS detailed circulating subsets pCR RD pCR RD Mature Plasma cells (CD19+CD20-CD38-CD27+HLA-DR+) 0.00 0.41 0.83 0.62 0.015 | |or. Group differences
. N 5 c . D NK-T cells (CD3+CD56+) 0.26 0.45 0.14 0.11 0.038 were assessed using the
From March 2021 to April 2025, baseline peripheral blood samples were collected p=0.015 p=0.043 CM Tcl cells (CD8+CD28+CD45RA-CDA5RO+CD197+CXCR3+) | 0.29 0.59 1.75 516 | 0.043 | Mann-Whitney test.

Patients reaching pCR showed a tendency toward elevated baseline CD8+ naive T cells (OR =
1.05; p = 0.068; Tab.4). In contrast, CM Tcl, plasma cells, and transitional marginal zone-like B
cells appeared to relate inversely to pCR (OR < 1.0; 0.070 < p < 0.080; Tab.4).

Immune Subset OR 95% Cls CSEIE Table 4. Univariate logistic regression models

.

from patients with TNBC treated with ICls and enrolled in the multicentre, D A
prospective IRIS study (12 Italian sites). W [
* Flow cytometry and gating: Immunophenotyping was performed by flow 8%

cytometry to characterize circulating B, T, dendritic (DC), and natural killer (NK)

[

% CM Tcl cells

| A I

% Mature Plasma cells

cells through a manual gating strategy defining major immune subsets. || . @ == i — ] CD8 Naive (CD3+CD8+CCR7+CDA5RA+) 1.05 | 1.00-1.11 | 0.068 ;‘;Z{:Z;t;ngs5Zie;sso;:§io:h:en,:/rzzr;bt;l?;elhzc
* High-dimensional analysis: To further resolve cellular heterogeneity, t- Patients with = . * ) CM Tcl cells (CD3+CD8+CD28+CDA5RA-CD45RO+CD197+CXCR3+) | 0.46 | 0.15-0.87 | 0.072 achievi(ng )pCR./ReSl}I‘tjs are reportel'd(as)odd;
. . . . . . i . -Whi - : : : . 62 -1. . ratios (OR), 95% confidence intervals (Cl), an
distributed stochastic neighbour embedding (t-SNE) was applied for TNBC tig‘;‘;‘*d with =" JEFLOWIO Mann :.'f:'t"ey U test for pCR RD pCR RD Tr':'a:i:j::l":n(af;lnga:czzfi:;z 3::)"5 O8L | OO2 =L 0L 0078 ves. OR 51 indicates higher odds of pCR
dimensionality reduction, followed by FlowSOM Clustering to identify finer | - llr group dirrerences Figure 2. Bas.elln'e peripheral immune populations in pCR vs RD patients. Data are shown as box plots with (CD19+CD20+gMlgD+CD38+CD27+HLA-DR++CD24+) 0.01 | 0.00-0.49 | 0.080 | per unit increase of the immune subset,
. ! L= e Cox models and Kaplan- individual points; statistical differences tested with t he Mann-Whitney test. A) Dysfunctional Tregs B) NKT whereas OR <1 indicates lower odds.
subpopulations. For consistency, datasets were down sampled to 6000 T and . : . cells C) Mature plasma cells D) CM Tc1 cells. Mature Plasma cells (CD19+CD20-CD38-CD27+HLA-DR+) Uiz | ool -0rn | G0
1600 B cells per sample, excluding samples below this threshold l l l Meler for timetofirs WAE
’ - HENN_NEENE (TTirAE: time from first ICI Conclusions
(FlowJoTMV10). / - - 15 cycle to the onset of any Baseline immune composition shows distinct associations with both irAEs and ICIs response in TNBC
 Statistical analysis: Mann-Whitney U test, multivariate and univariate Cox v - e « Tlymphooytes grade irAE) o u _ p- ) . _ . _ : P . -
models, Kaplan-Meier curves and logistic regression were performed using R S \ » Blymphooytes | | | oqistic regression for pcR || OUr Preliminary data support the potential utility of peripheral immunophenotyping as a non-invasive tool to predict outcomes and guide more
)  NKcells . . .
(v4.4.3). « Dendritic cells associations personalized immunotherapy-based approaches in TNBC.
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