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Abstract: While immunotherapy has transformed treatment across various cancers, its impact on breast cancer is relatively limited.
Recent advances have established immunotherapy as an effective approach for triple-negative breast cancer (TNBC), an aggressive
subtype with limited therapeutic targets and poor prognosis. Specifically, pembrolizumab, an immune checkpoint inhibitor (ICI), is
now approved for both first-line metastatic and early-stage TNBC. In metastatic TNBC, combining ICIs with chemotherapy,
particularly pembrolizumab, has demonstrated survival benefits in patients with PD-L1—positive disease. However, extending these
benefits to broader populations has proven challenging, highlighting the need for better patient selection and novel strategies.
Emerging approaches include combining ICIs with antibody-drug conjugates, PARP inhibitors, dual ICIs, and bispecific antibodies
targeting angiogenesis and immune checkpoints. These strategies aim to overcome resistance and expand immunotherapy’s efficacy
beyond the PD-1/PD-L1 pathway. In early-stage disease, pembrolizumab combined with chemotherapy in the neoadjuvant setting has
significantly improved pathologic complete response, event-free survival, and overall survival, establishing a new standard of care.
Ongoing research aims to determine the optimal timing for ICI administration, explore less toxic chemotherapy backbones, utilize
biomarkers for personalized treatment, and assess whether adding complementary treatments, such as radiation therapy for high-risk
cases, can improve outcomes. This review examines the successes and setbacks of ICI use in TNBC, offering a comprehensive
overview of current practices and future directions. It emphasizes optimizing ICI timing, leveraging biomarkers, and integrating novel
agents to refine treatment approaches for both metastatic and early-stage TNBC. As immunotherapy continues to evolve, future
research must address the unmet needs of this challenging breast cancer subtype, offering hope for improved outcomes.
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Introduction
Immunotherapy with immune checkpoint inhibitors (ICIs) has transformed treatment strategies for several cancer types
but has historically lagged in breast cancer (BC).! Advances in this field have primarily been seen in triple-negative
breast cancer (TNBC), a challenging-to-treat subtype due to its lack of the actionable targets found in hormone receptor-
positive and human epidermal growth factor receptor 2 (HER2)-positive BCs.> Accounting for 10-15% of all BCs,
TNBC is biologically and clinically aggressive, carrying approximately three times the risk of distant recurrence within
five years of diagnosis compared to non-TNBC.>* The prognosis of metastatic TNBC remains poor, with a median
overall survival (OS) of less than 18 months, and little improvement in outcomes over the past decade.>

These unmet needs, along with preclinical evidence of immune cell activation involved in antitumor surveillance and
chemotherapy response, prompted immunotherapy-focused clinical trials in the early 2010s.'

Despite significant research investment in immune-oncology, pembrolizumab, an anti-programmed cell death protein
1 (PD-1) inhibitor, is the only US Food and Drug Administration (FDA)-approved immunotherapy-based treatment for
TNBC in both advanced and early (stages II-III) settings.”®
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This review provides a concise overview of the current use of ICIs in TNBC clinical practice, highlighting their
success as the tip of an iceberg amid numerous failed trials exploring various ICIs and combinations in different settings.
We also discuss how these failures, along with emerging signals of activity from early-phase trials, are shaping ongoing
efforts to harness the anti-cancer immune response in TNBC.

ICIs in TNBC Clinical Practice
Advanced Setting

In November 2020, the FDA granted accelerated approval of pembrolizumab combined with chemotherapy as the first-
line treatment of patients with locally recurrent, unresectable, or metastatic TNBC with programmed cell death ligand 1
(PD-L1) expression (Combined Positive Score [CPS] >10, Dako 22C3) and a disease-free interval (DFI) > 6 months.
This approval was based on the findings of Phase 3 KEYNOTE-355 trial, a multicenter, double-blind, randomized,
placebo-controlled study. The trial demonstrated a median progression-free survival (PFS) of 9.7 months (95% con-
fidence interval [CI]: 7.6—11.3) in the pembrolizumab-chemotherapy arm versus 5.6 months (95% CI: 5.3—7.5) in the
placebo arm (hazard ratio [HR]: 0.65; 95% CI: 0.49-0.86; P = 0.0012).® It also showed a significant OS benefit of 23.0
months versus 16.1 months (HR: 0.73; 95% CI: 0.55-0.95; P = 0.0185) in the PD-L1 CPS >10 population.®

Two phase 3 randomized trials evaluated atezolizumab, an anti-PD-L1 agent, as first-line treatment in advanced
TNBC. The IMpassion130 trial compared nab-paclitaxel with or without atezolizumab; the anti-PD-L1 agent improved
PFS to 7.2 months versus 5.5 months in the intention-to-treat (ITT) population (HR: 0.80; 95% CI: 0.69-0.92; P = 0.002)
but did not show a significant OS benefit. The trial’s hierarchical design only allowed formal OS evaluation in the PD-L1
-positive population if OS in the overall population was significant.” Consequently, the OS improvement of 25 months
versus 18 months in patients with PD-L1-positive disease remains exploratory. Atezolizumab with nab-paclitaxel is
approved by the European Medicines Agency (EMA) for PD-L1-positive tumors (=1%, Ventana SP142) with a DFI >12
months but was withdrawn from FDA accelerated approval by the manufacturer in 2021. The IMpassion131 trial, which
investigated atezolizumab with paclitaxel versus paclitaxel alone in patients with PD-L1-positive disease, failed to
demonstrate PFS or OS benefits.'® The different results of IMpassion130 and IMpassion131 may be due to overlapping
ClIs, suboptimal biomarkers for patient selection (PD-L1), variations in premedication and chemotherapy’s immune
effects, and the strong performance of the paclitaxel-alone arm.

Early Setting

In July 2021, pembrolizumab added to neoadjuvant chemotherapy became the standard of care for early high-risk TNBC,
based on results from the phase 3 KEYNOTE-522 trial.”''"'* This randomized trial investigated the use of neoadjuvant
therapy combining paclitaxel-carboplatin and doxorubicin/epirubicin-cyclophosphamide with pembrolizumab/placebo,
followed by surgery and subsequent adjuvant pembrolizumab/placebo for 9 cycles in patients with stage II-1I1 TNBC. An
interim analysis showed that adding pembrolizumab raised the overall pathologic complete response (pCR) rate from
51% to 65%."" After a median follow-up of 63.1 months, pembrolizumab demonstrated an improvement in event-free
survival (EFS), with rates of 81.3% versus 72.3% in the placebo group, reflecting a 37% reduction in events (HR: 0.63;
95% CI: 0.49-0.81)."* Additionally, at a median follow-up of 75.1 months, pembrolizumab provided a statistically
significant and clinically meaningful OS benefit at 60 months, with rates of 86.6% (95% CI: 84.0-88.8) versus 81.7%
(95% CI: 77.5-85.2) in the placebo group (p = 0.002).” The subgroup analysis presented at the 2024 San Antonio Breast
Cancer Symposium (SABCS) showed that, consistent with the ITT population, pembrolizumab demonstrated a positive
trend in OS across subgroups, including those defined by PD-L1 expression, nodal status, overall stage, and baseline
T2NO status. The greatest OS benefit was observed in the residual cancer burden (RCB)-2 category.'?

Other attempts to integrate IClIs in this setting lacked the statistical power to demonstrate EFS and OS benefits, as seen in
the IMpassion031 trial.'® Adding atezolizumab to chemotherapy significantly improved the primary endpoint of pCR from
41% in the placebo arm to 58% in the atezolizumab arm (p = 0.004) in the ITT population.'® In the PD-L1-positive group
(co-primary), pCR increased from 49% to 69% (p = 0.02).'® After a median follow-up of 39 months, EFS, disease-free
survival (DFS), and OS favored the atezolizumab arm, but the differences were not statistically significant (Table 1)."”
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Table | Overview of Selected Phase 2-3 Clinical Trials Evaluating Immune Checkpoint Inhibitors in Early Triple-Negative Breast Cancer

Study, Immunotherapy Agent (target) Backbone Population Subgroup Immunotherapy Control Arm Results
Num PCR (%) Num PCR (%)
Neoadjuvant and adjuvant immunotherapy
KEYNOTE-522, Pembrolizumab P/Cp + AC ~25% stage Ill; ~50% N+ All 784 65* 390 51* mFUP 63.1 months, EFS 81.3% vs
(PD-1,22C3)"'"13 72.3% (HR: 0.63, 95% Cl,
PD-LI+ 656 69 317 55 0.49-0.81)
PD-LI- 127 45 69 30
IMpassion03 1, Atezolizumab Nab-P + ddAC ~23% stage Ill; 38% N+ All 165 58 168 41 mFUP ~39 months, 2-yr EFS (ITT)
(PD-LI, SP-142)'¢"” 85% (79-90) (HR: 0.76, 95% Cl,
PD-LI+ 77 69 75 49 0.47-1.21)
PD-LI- 88 48 93 34
GeparDouze, Atezolizumab P/Cp + AC ~41% size >3 cm; 41% N+ All 489 63 443 57 mFUP 46.9 months, EFS ns (HR:
(PD-LI, SP-142)'8 0.8, 95% Cl, 0.62-87.7)
CamRelief, Camrelizumab (PD-1)"? Nab-P/Cp + EC ~35.6% stage lll; 69.4% N+ | All 222 57 219 45 Early trends in EFS, DFS, DDFS
favor exp. arm
PD-LI CPS < | 31 45 28 21
I <CPS< 10 64 47 64 31
PD-LI CPS 2 10 127 65 127 57
Only neoadjuvant immunotherapy
NeoTRIPaPDLI, Atezolizumab Cp + Nab-p ~50% locally advanced; All 138 49 142 44 mFUP 54 months, EFS 70.6% vs
(PD-LI, SP142)%2! ~88% N+ 74.9% (HR: 1.06, 95% Cl, 1.076
PD-LI+ 79 60 77 52 (0.670 1.731)
PD-LI- 59 34 65 35
GeparNUEVO, Durvalumab Nab-P + ddAC 65% stage 2 lIA; ~30% N+ All 88 53 86 44 mFUP 42 months, 3-year iDFS 85
(PD-LI, SP263)*>% vs 77% (HR: 0.54, 95% ClI
PD-LI+ 69 58 69 51 0.27-1.09)
PD-LI- I 44 9 18
Window” 59 6 58 41
NeoPACTS, pembrolizumab Cp+D ~75% stage Il All 1 58 NA NA 3-year EFS, 86% in all patients; 98%
(PD-1, 22C3)* ~13% stage Il in pCR group and 68% in no-pCR
PD-LI+ 52 75 NA NA group (HR: 0.057, 95% ClI
0.01-0.45)
PD-LI- 60 40 NA NA

(Continued)
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Table | (Continued).

Study, Immunotherapy Agent (target) Backbone Population Subgroup Immunotherapy Control Arm Results
Num PCR (%) Num PCR (%)
NeoMono, atezolizumab® P/Cp + AC NA All Window 65.7 No window 69 NA
(PD-LI, SP142)% arm: 180 arm: 179
PD-LI+ NA 91 NA 82
PD-LI- NA 56 NA 64
Neo-N, nivolumab lead-in® P/Cp ~65% stage lI-lI All Lead-in 51 Concurrent 54 NA
(PD-1)* arm: 53 arm: 55
I-SPY2, pembrolizumab arm P+ AC ~42% palpable N (ER+/ER-) | All 69 60 181 (rolling 22 HR: 0.60 (no CI reported)
(PD-1, 22C3)'? control)
1-SPY?2, durvalumab+olaparib arm P+ AC ~30% palpable N (ER+/ER-) | All 20 47 130 (rolling 27 NA
(PD-LI, SP263)*’ control)
I-SPY2.2, datopotomab-deruxtecan Block B (paclitaxel, MammaPrint high risk, stage | HER2— 47 65.0 NA NA NA
and durvalumab®® carboplatin, pembrolizumab) | II-lI, Immune+
and/or Block C (AC and (approximately 2/3 ER-)
pembrolizumab)
BELLINI, cohort C, ipilimumab None Stage -, NO, TILs 250% Cohort C, all 15 33 (5/15) NA NA NA
(CTLA-4) + nivolumab (PD-1)%

Notes: *The pCR rates listed for KEYNOTE-522 are from the initial results for the first 602 patients. Final pCR rates, including all patients, were 63% for pembrolizumab and 56% for placebo. *In GeparNuevo, the first |17 patients
received a single dose of durvalumab or placebo two weeks prior to starting neoadjuvant chemotherapy with the same agent. This “window” treatment phase was later omitted after the study’s independent data monitoring committee
raised concerns about delays in chemotherapy initiation. An additional 57 patients were treated without the window phase. $In NeoPACT, 16% of participants had low ER-PR expression (I-10%). *In neoMono, arm A involved
atezolizumab monotherapy as a “window” treatment before combining atezolizumab with chemotherapy, while arm B combined atezolizumab directly with chemotherapy. ° Patients were randomized to receive 360 mg of nivolumab with
carboplatin (AUC 5) on day | every 3 weeks for 4 cycles, plus paclitaxel (80 mg/m?) on days |, 8, and |5 every 3 weeks for 4 cycles. This was administered with (n = 53; arm A) or without (n = 55; arm B) a 2-week lead-in of 240 mg of

nivolumab. In arm B, the lead-in was given only after completing 4 cycles of chemoimmunotherapy.

Abbreviations: 22C3, Dako PD-LI IHC 22C3 pharmDx; AC, Anthracycline and Cyclophosphamide; Cp, Carboplatin; ddAC, dose-dense Anthracycline and Cyclophosphamide; DFS, disease-free survival; DDFS, distant disease free
survival; EC, Epirubicin and Cyclophosphamide; EFS, Event-Free Survival; ER, Estrogen Receptor; HR, Hazard Ratio; ITT, intention-to-treat; iDFS, invasive Disease-Free Survival; mFUP, median Follow-Up; Nab-P, Nab-Paclitaxel; NA, Not
Available; N+, Node-Positive; Num, number; P, Paclitaxel; pCR, Pathologic Complete Response; PD-1, Programmed Death-|; PD-LI, Programmed Death-Ligand |; SP-142, Ventana PD-L| (SP142) Assay; SP263, Ventana PD-L| (SP263)

Assay; TlLs, tumor-infiltrating lymphocytes. Adapted from Corti et al 2024.3°
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Recent data from GeparDouze, a phase 3 randomized controlled trial evaluating neoadjuvant chemotherapy with or without
atezolizumab, followed by adjuvant atezolizumab or placebo in stage II-1II TNBC, were presented at the 2024 SABCS.
While adding atezolizumab to neoadjuvant chemotherapy increased pCR from 57% to 63%, it did not significantly improve
EFS, the primary endpoint, after a median follow-up of 46.9 months (HR: 0.8; 95% CI: 0.62—1.03). The 4-year EFS was
85.2% in the atezolizumab arm and 81.9% in the control arm.'®

The NeoTRIP and GeparNuevo trials, which evaluated atezolizumab and durvalumab (anti-PD-L1) in the neoadju-
vant-only setting, failed to meet their primary endpoints of EFS and pCR rate improvement, respectively (Table 1).2* 2
Notably, NeoTRIP included the highest-risk population among immunotherapy-based early-stage TNBC trials, with
approximately 50% of patients having locally advanced disease and 88% being node-positive;’' GeparNuevo demon-

strated significant improvements in invasive DFS, distant DFS, and OS for patients treated with durvalumab.?

Advances and Challenges in the Metastatic Setting

Learning From Immunotherapy’s Failures

Despite promising preclinical and early-phase studies driving numerous trials involving ICIs for BC in the 2010s, as of
December 2024, only one ICI, pembrolizumab, has received FDA approval for BC in both early and advanced
settings.”®'"! A recent cross-sectional study examined the landscape of BC immunotherapy-based trials conducted
between 2004 and 2023." Of the 331 trials initiated, 120 had primary completion dates by November 30, 2022, and 30
(25%) failed to report outcomes. Among the 90 trials that reported results, 47 (52.2%) were positive, while 43 (47.8%)
were negative. These findings highlight a surprisingly low return on the investment in immunotherapy trials over the past
15 years." Beyond ICIs - the focus of this review - other immunotherapy-based strategies, such as cytokines and cancer
vaccines, have historically yielded disappointing results.>*->

Negative results from immunotherapy-based regimens - which may guide future ICI trial design - may stem from
various factors, including an immunologically challenging clinical setting, such as metastatic disease in patients with
heavily pretreated BC, characterized by high tumor burden and resistance mechanisms. Additional contributors include
delivery platforms and target selection, particularly for cancer vaccines, the type and presence of concurrent therapies,
and poorly understood or uncontrolled mechanisms of immune escape.>*> These mechanisms may include alterations in
antigen processing, loss of human leukocyte antigen expression, downregulation of tumor antigen expression, and factors
promoting a cold tumor-immune microenvironment.*?

An urgent need in advanced TNBC lies in addressing early relapses, a group for which data on epidemiology, clinical
features, and biology remain limited. This subset of TNBC patients typically experiences relapse within 12 to 24 months
following curative treatment, depending on the study definition. Early relapsing TNBC is associated with poor outcomes,
with a median OS of 10.1 months (95% CI: 9.3-10.9).> A U.S.-based study also highlighted the role of socioeconomic
factors in poor outcomes.** In a French cohort of patients diagnosed in 2008-2020 and treated with neo-/adjuvant taxane
and/or anthracycline-based chemotherapy, 46% of TNBC recurrences (n = 881) occurred within 12 months of curative
treatment, affecting younger patients with lower rates of breast cancer susceptibility gene (BRCA)1-2 mutations and
higher primary tumor burden compared to those with later relapses.’

Treatment selection in this setting is particularly challenging, as patients relapsing within 12 months are often
excluded from clinical trials of first-line ICIs. Specifically, IMpassion130 included patients who had completed
neoadjuvant or adjuvant chemotherapy at least 12 months before randomization. Similarly, KEYNOTE-355 allowed
patients with stage I-1II BC to enroll if at least 6 months had passed since completing curative treatment. However, if
a patient had received taxanes, gemcitabine, or platinum agents during curative treatment, the same class of chemother-
apy could only be used if at least 12 months had elapsed since the completion of treatment and the first documented local
or distant recurrence.

Given this framework, IMpassion132 was an ambitious phase 3 trial targeting a high-risk population of 595 patients
with TNBC who relapsed within 12 months of curative treatment.*> Participants were randomized to receive first-line
chemotherapy (carboplatin/gemcitabine or capecitabine) with or without atezolizumab. Initially, patients were not
biomarker-selected, but a 2019 amendment restricted enrollment to those with PD-L1—positive TNBC (tumor immune
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cells >1%), as these patients had shown the most benefit from atezolizumab in IMpassion130. Among the 354 patients
with PD-L1-positive disease, 68% had a DFI of less than 6 months, over 60% had visceral disease, and all had prior
anthracycline and taxane-based treatments.®> After a median follow-up of 9.8 months, adding atezolizumab to che-
motherapy did not improve OS, the primary endpoint, in the PD-L1—positive population. OS was 12.1 months with
atezolizumab versus 11.2 months with placebo (HR 0.93; 95% CI: 0.73—1.20; P = 0.59). Since the primary endpoint was
not met, secondary endpoints were not tested. Similarly, OS was not formally evaluated in the modified ITT population
(all patients who were randomized before the amendment), but no OS benefit was observed for atezolizumab in this
group either.*>

Enhancing Immunotherapy Efficacy Through Combination Therapy

Antibody-Drug Conjugates (ADCs)

Following the positive results of the ASCENT trial, which led to FDA approval of sacituzumab govitecan (SG),
a trophoblast cell surface protein 2 (TROP2)-targeted ADC with a topoisomerase 1 inhibitor payload, for pretreated
metastatic TNBC, several studies are examining its use in combination with ICIs.**® The phase 2 Saci-IO TNBC trial
(NCTO04468061) is investigating whether adding pembrolizumab to SG can improve PFS in patients with PD-L1-negative
metastatic TNBC as a first-line treatment. Meanwhile, ASCENT-04 (NCT05382286) is a randomized phase 3 trial
comparing SG plus pembrolizumab to physician’s choice of therapy with pembrolizumab in patients with PD-
L1-positive metastatic TNBC.

What is known about the potential synergy between ICIs and ADCs comes from the BEGONIA Phase 1b/2 trial
(NCT03742102), which evaluates durvalumab combined with chemotherapy and novel targeted therapies as first-line
treatment for metastatic TNBC. One arm, studying durvalumab with the HER2-targeted trastuzumab deruxtecan
(T-DXd), enrolled 46 patients with advanced hormone receptor-negative, HER2-low BC.>*** The objective response
rate (ORR) was 57% (95% CI: 41-74), slightly improving with PD-L1 expression enrichment (71% for PD-L1-high and
62% for PD-L1-low). Median PFS was 12.6 months (95% CI: 8-not reached), and median duration of treatment (DOR)
was not reached. Another arm of the BEGONIA trial evaluated the combination of datopotamab deruxtecan (Dato-DXd),
a TROP2-targeted to poisomerase 1 inhibitor-based ADC, with durvalumab in 33 patients. The ORR was 79% (95% CI:
61-91), with responses observed regardless of PD-L1 expression. Median DOR was not reached, and all patients
experienced either partial or complete response at 6 months.*' The phase 3 TROPION-Breast05 trial is currently
evaluating Dato-DXd with or without durvalumab versus chemotherapy plus pembrolizumab in patients with PD-L1-
positive, locally recurrent inoperable, or metastatic TNBC.** In the early-stage setting, ADC-immunotherapy combina-
tions are being investigated for adjuvant treatment escalation in patients with TNBC who have residual disease after
surgical resection following neoadjuvant therapy. Specifically, the phase 3 TROPION-Breast03 trial is evaluating Dato-
DXd with or without durvalumab, while the OptimICE-RD trial is assessing SG plus pembrolizumab versus pembro-

lizumab alone, with both arms optionally including capecitabine.*>**

PARP Inhibitors

While single-agent poly-ADP ribose polymerase inhibitors (PARPis) showed limited efficacy in non-BRCA-mutated
TNBC, evidence of synergy between PARPis and IClIs, regardless of BRCA status, has led to combination treatment
trials.*>*® The open-label TOPACIO trial evaluated niraparib and pembrolizumab in metastatic TNBC.*® Among 47
patients assessed for efficacy, the ORR was 21%, with a disease control rate (DCR) of 49%. Responses were primarily
driven by BRCA-mutated tumors, which had an ORR of 47% and a DCR of 80%. Median PFS was 8.3 months for
BRCA-mutated tumors and 2.1 months for BRCA wild-type.***® The MEDIOLA trial evaluated the combination of
durvalumab and olaparib in BRCA mutation carriers.*> Among 30 patients, the ORR was 63%, the DCR was 80%, and
median PFS was 8.2 months. These results are not better compared to those from PARPi monotherapy trials like
OlympiAD and EMBRACA, suggesting that adding ICI to PARPi did not improve outcomes over monotherapy.®
However, a similar combination strategy added to paclitaxel has been evaluated in the early setting with promising
results.?” The phase 2 I-SPY?2 trial investigated the neoadjuvant durvalumab-olaparib-paclitaxel combination in stage II-
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IIT HER2-negative BC. The regimen increased pCR rates from 20% (299 patients in the paclitaxel control arm) to 37%
(73 patients in the experimental arm).?” In TNBC, pCR rates rose from 27% to 47%.’

The phase 2 KEYLYNK-009 trial found that maintenance with pembrolizumab and olaparib after induction with
pembrolizumab and carboplatin-gemcitabine did not improve outcomes compared to continued pembrolizumab and
chemotherapy in metastatic TNBC.*” The HR for PFS was 0.98 (95% CI: 0.72—1.33; P = 0.4556), and for OS was 0.95
(95% CI: 0.64-1.40) in the ITT population.*” Despite the negative results, pembrolizumab and olaparib maintenance
demonstrated similar efficacy to continued chemotherapy with pembrolizumab, along with a lower incidence of
treatment-related adverse events (AEs). In BRCA mutation carriers, a positive numerical trend for PFS and OS was
observed.*’ Finally, a phase 2 randomized trial evaluated olaparib with or without atezolizumab in BRCA-mutated
patients with advanced HER2-negative BC. Among 78 enrolled patients, there was no statistically significant difference
in PFS, the primary endpoint, between the two arms. PFS was 7.0 months (95% CI, 5.5-11.5) in the olaparib
monotherapy arm and 7.67 months (95% CI, 5.6-10) in the combination arm. Median OS was 26.5 months (95% CI,
19.2-NR) for monotherapy versus 22.4 months (95% CI, 16.6-31.3) for the combination.*®

Dual Checkpoint Targeting

To broaden the therapeutic use of ICIs in BC, various agents are being explored beyond the PD-1/PD-L1 pathway,
targeting Cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), Lymphocyte Activation Gene 3 (LAG-3), T cell
immunoreceptor with immunoglobulin and ITIM domain (TIGIT), and immunoglobulin-like transcript 3 (ILT3),
among others.>**’

CTLA-4, a transmembrane protein on regulatory and anergic T cells, is critical to immune regulation and priming.*? Dual
blockade of PD-L1 and CTLA-4, which targets distinct phases of the immune response, is a first-line strategy in several
cancers and has shown potential in BC, particularly with high PD-L1 expression. A single-arm pilot study evaluated the
overall response rate to durvalumab and tremelimumab (anti-CTLA-4) in BC, but was terminated for futility, as only 3 of 18
patients (17%) responded. Notably, all responses occurred in patients with TNBC, achieving an ORR of 43%.>° The
randomized phase 2 KEYNOTE-046 trial evaluated an anti-PD-L1/CTLA-4 bispecific protein combined with nab-
paclitaxel, demonstrating promising efficacy.”’ Among 25 evaluable patients, the ORR was 44.0% (95% CI, 24.4-65.1),
with a not yet mature median duration of response (primary endpoints). Median PFS was 7.33 months (95% CI, 3.68-11.07),
and median OS reached 30.9 months (95% CI, 14.75-not evaluable).”' In patients with PD-LI—positive disease, PFS was
8.61 months compared to 4.73 months in patients with PD-L1-negative disease, with a 2-year OS rate of 62.5% versus
57.1%, respectively.’’ The NIMBUS trial assessed dual blockade with ipilimumab and nivolumab in patients with
metastatic BC with high tumor mutation burden (TMB >9 mutations/Mb).”*> Among 30 patients, the ORR was 17% after
a median follow-up of 9.7 months, with 3 of the 5 responders being hormone receptor positive. Stable disease was observed
as the best response in 20% of patients. Notably, those with TMB >14 mutations/Mb had a significantly higher response rate
of 60%, compared to 4% for patients with TMB between 9 and 14.>®>* The DART/SWOG-S1609 study included a cohort of
patients with the aggressive metaplastic subtype of TNBC to evaluate the combination of ipilimumab and nivolumab.
Preliminary results showed an ORR of 18% (95% CI: 6—40), with responses in 3 of 17 patients, a median PFS of 2 months,
and a median OS of 12 months. No association was observed between response and stromal tumor infiltrating lymphocytes
(sTILs), PD-L1 expression, or TMB.**** Novel technologies, such as bispecific antibodies, have enabled the simultaneous
targeting of multiple checkpoint inhibitors with a single drug. This approach was initially developed based on the hypothesis
that the targets bound by the bispecific antibody could enhance each other’s binding affinity to the antibody.>* In this regard,
a phase 2 study evaluated the anti-PD-L1/CTLA-4 bispecific antibody KNO046 as a first-line treatment for metastatic
TNBC.”' Among 27 patients receiving KN046 at two dose levels (3 mg/kg and 5 mg/kg), 25 were evaluable for ORR
and duration of response, the primary endpoints. The ORR was 44% (95% CI, 24.4-65.1), with a median treatment duration
not yet reached. Median PFS was 7.33 months (95% CI, 3.68-11.07), and median OS was 30.92 months (95% CI, 14.75—
NE). In patients with PD-L1-positive disease, PFS was 8.61 months versus 4.73 months in patients with PD-L1-negative
disease, and the 2-year OS rate was 62.5% versus 57.1%.”"!

LAG-3 inhibits T-cell proliferation and sustains T-cell exhaustion by binding to major histocompatibility complex
(MHC) class I1.°° In the metastatic setting, ieramilimab, a humanized anti-LAG-3 monoclonal antibody, showed good
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tolerability in combination with the anti-PD-1 antibody spartalizumab in a phase 1 study.’® In a phase 2 trial evaluating
ieramilimab followed by spartalizumab, TNBC patients who were anti-PD-1/L1-naive reported an ORR of 14.3% (90%
CI: 4.0-32.9%) with treatment every three weeks and 4.8% (90% CI: 0.2-20.7%) with treatment every four weeks. No
clinical responses were observed in TNBC patients pretreated with anti-PD-1/L1.%

TIGIT, a co-inhibitor receptor expressed on natural killer and T cells, has shown promise in preclinical studies
when inhibited alongside PD-L1 blockade.*? Currently, two TIGIT-targeting agents, tiragolumab and SEA-TGT,
are under clinical investigation for metastatic TNBC, either alone or in combination with anti-PD-L1 therapies
and/or chemotherapy, with results pending (NCT04584112, NCT06175390, NCT04254107).>? Bispecific antibody
technologies have also been applied to this immune checkpoint, such as the PD-1/TIGIT bispecific rilvegostomig.
This agent is currently being evaluated in a phase 1/2a trial in combination with a B7-H4-directed ADC in patients
with advanced solid malignancies, including BC (NCT05123482). Additionally, it is being studied in the early-
stage setting in combination with T-DXd as part of the I-SPY platform trial (NCT01042379).

Finally, the inhibitory receptor ILT3, linked to T-cell suppression and immune tolerance, is an adverse prognostic
biomarker in TNBC.* Preclinical studies in BC suggest that targeting ILT3 may mitigate its negative prognostic impact
and enhance anti-PD-1—driven T-cell responses.*>> Early-phase clinical trials evaluating anti-ILT3 monotherapy and its

combination with pembrolizumab have demonstrated modest antitumor activity and good tolerability.*’

Targeting PD-1/-LI and VEGF

Combining anti-angiogenic drugs with immunotherapy is another promising approach.>® Historically, pooled analyses
of vascular endothelial growth factor (VEGF) inhibitors plus chemotherapy in metastatic TNBC showed a PFS HR of
0.63 (95% CI: 0.52-0.76) and an OS HR of 0.96 (95% CI: 0.79-1.16).°® Bevacizumab improved median PFS to 8.1
months compared to 5.4 months with chemotherapy alone, while median OS was 18.9 versus 17.5 months.’® More
recent studies suggest these drugs enhance immunotherapy by modulating the tumor microenvironment, promoting
dendritic cell maturation, and reducing suppressive immune cells.’*>” Phase 2 trials FUTURE-C Plus and ATRACTIB
tested combinations such as camrelizumab, famitinib, and nab-paclitaxel, as well as atezolizumab, bevacizumab, and
paclitaxel, achieving ORRs of 81.3% and 63.0%, respectively.®®®' The FUTURE-C Plus trial reported an OS of 29.4
months (95% CI: 23.3-35.5), the longest in first-line metastatic TNBC at the time, with no significant safety
concerns.®® Innovative bispecific antibodies targeting immune checkpoints and angiogenesis are also emerging.”
Ivonescimab, a humanized bispecific antibody targeting PD-1 and VEGF-A, has been approved in China for advanced
non-small cell lung cancer in combination with pemetrexed and carboplatin.®>®* A phase 2 trial of ivonescimab with
a taxane as first-line therapy for metastatic TNBC (n = 36) recently showed an ORR of 72.4%, with 69.6% in PD-L1
CPS <10 and 86.7% in PD-L1 CPS <1%, outperforming the 40% ORR observed in the KEYNOTE-355 ITT
population.®® The SABCS 2024 update reported an ORR of 80.0%, with 79.3% in patients with PD-L1 CPS < 10,
88.2% in those with PD-L1 CPS < 1%, and 83.3% in those with PD-L1 CPS > 10. Median PFS was 9.36 months (95%
CI, 6.24-NE).® In the same first-line setting, the PD-L1/VEGF-A bispecific antibody PM8002/BNT327 combined
with nab-paclitaxel demonstrated promising results in a phase 1b/2 study (n = 42). At SABCS 2024, an ORR of 73.8%
was reported, with 56.3% in patients with PD-L1 CPS < 10, 76.9% in PD-L1 CPS < 1, and 100.0% in PD-L1 CPS >
10.°%7 Median PFS was 13.5 months (95% CI: 9.4—19.3). Interim OS analysis reported 12-month, 15-month, and 18-
month OS rates of 80.8%, 78.1%, and 69.7%, respectively, with median OS not yet reached.®’ Similarly, the
combination of the anti-PD-1 inhibitor AK105 and the multitargeting antiangiogenic tyrosine kinase inhibitor (TKI)
anlotinib as first-line treatment for metastatic TNBC demonstrated an ORR of 75.0%, a median PFS of 10.6 months
(95% CI: 7.59-10.69), and a median OS not yet reached ( 13.3-NR).°® These three strategies demonstrated significant
antitumor activity and low primary resistance, with ORR and PFS appearing independent of PD-L1 status. The safety
profile was manageable across all studies, primarily involving hematologic and liver toxicity. However, one death from
hepatitis was reported in the trial evaluating AK105 and anlotinib.
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Other Targeted Therapies

In a phase 1b trial evaluating the pan-AKT inhibitor ipatasertib in combination with atezolizumab and paclitaxel/
nab-paclitaxel a 73% ORR among 26 patients was described, with no significant response difference based on PD-
L1 expression.®” The Phase II COLET study evaluated the mitogen-activated protein kinase (MEK) inhibitor
cobimetinib with chemotherapy, with or without atezolizumab, as first-line therapy for advanced TNBC.”°
Although no significant differences in ORR or PFS were observed between treatment arms, patients with a DFI
<12 months showed improved PFS (5.4 versus 1.7 months; HR: 0.29; 95% CI; 0.09-0.95). Retrospective analysis
indicated better outcomes for PD-L1—positive tumors, with an ORR of 39% versus 19% and median PFS of 7.0
versus 3.7 months (95% CI 2.14-6.14).7°

Advances and Challenges in the Early Setting

There is no doubt that ICIs have revolutionized the treatment landscape for TNBC in the curative setting, with recent data
from KEYNOTE-522 documenting improvements in pCR, EFS, and, more importantly, OS. However, some questions
remain regarding treatment optimization. For example, data suggest that the neoadjuvant phase for administering ICI may
be more important than the adjuvant phase, raising the question of whether the adjuvant phase is necessary for all
patients. Additionally, the four-drug chemotherapy in KEYNOTE-522, including cardiotoxic anthracyclines, prompts
consideration of less toxic preoperative alternatives. Finally, since 35-40% of patients do not experience pCR with this
regimen, the potential benefit of escalated regimens to improve outcomes is also under discussion.

Does the Timing of Checkpoint Inhibition—Pre-Operative vs Post-Operative—Matter?
The Alexandra/IMpassion030 trial explored the use of atezolizumab combined with chemotherapy in the adjuvant setting
following upfront surgery. The results were disappointing, with futility declared (HR: 1.12; 95% CI: 0.87-1.45; p =
0.370) and no benefits observed across any subgroups, including those defined by PD-L1 status.”' These findings may
support the theory that delivering ICIs while the primary tumor remains present may generate a stronger systemic
antitumor immune response, likely due to the availability of more neoantigens to activate the immune system.>*’>7
Of note, the A-BRAVE trial randomized early TNBC patients with residual disease (RD) after neoadjuvant chemother-
apy or those at high risk following upfront surgery and adjuvant chemotherapy to receive either adjuvant avelumab or
observation. While the trial did not achieve its primary endpoint of DFS (HR: 0.81; 95% CI: 0.61-1.09; p = 0.172), it
demonstrated significant improvements in OS (secondary endpoint: HR: 0.66; 95% CI: 0.45-0.97; p = 0.035) and distant
DFS (exploratory endpoint: HR: 0.70; 95% CI: 0.50-0.96; p = 0.0277).”* The strongest signal for adjuvant immunotherapy
benefit was observed in the ~80% of patients with RD after neoadjuvant chemotherapy (Stratum B), while the benefit for
those who underwent upfront surgery (Stratum A) remains unclear (events: 11/40 in the avelumab arm vs 12/43 in the
control arm), especially in light of Alexandra trial data.”” The phase 3 SWOGI1418/NRG-BR006 trial is currently

investigating the use of adjuvant pembrolizumab in patients with RD following neoadjuvant chemotherapy.

Pre-Operative Timing of ICl Seems More Important. Is Adjuvant/Post-Operative ICI

Necessary!?
An indirect comparison of invasive DFS in the GeparNuevo trial, which involved neoadjuvant-only chemoimmunother-
apy, and EFS in the KEYNOTE-522 trial, which included both neoadjuvant chemoimmunotherapy and adjuvant
immunotherapy, shows similar results.”*** GeparNuevo reported an 8.4% difference at three years between the experi-
mental (85.6%) and control (77.2%) arms.>* Similarly, KEYNOTE-522 showed a 7.7% difference at three years (EFS:
84.5% experimental arm vs 76.8% control arm), increasing to a 9% difference at 60 months (EFS: 81.3% experimental
arm vs 72.3% control arm).”'* Both trials demonstrated excellent long-term outcomes for patients experiencing pCR,
with a 3-year invasive DFS of 95.5% for those receiving durvalumab in GeparNuevo and 94.4% for those receiving
pembrolizumab in KEYNOTE-522."3?

Ongoing trials like A012103/OptimICE-pCR are exploring ICI optimization in TNBC by evaluating the omission of

adjuvant pembrolizumab in patients who experience pCR after neoadjuvant chemoimmunotherapy (NCT05812807).%52°
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Exploring Alternatives to the Preoperative Chemotherapy Backbone
To address cardiotoxicity concerns related to the presence of anthracyclines in the KEYNOTE-522 regimen, the phase 2
non-randomized NeoPACT study evaluated a shorter treatment regimen. This regimen omits anthracyclines and incor-
porates docetaxel, carboplatin, and pembrolizumab over 18 weeks. This approach targeted patients with stage I-III
TNBC measuring at least 1.0 cm, node-positive disease, or hormone receptor status <10%. The study reported a pCR rate
of 58% (primary endpoint), with an additional 11% experiencing RCB-1, suggesting a potentially effective and less toxic
treatment strategy in the preoperative setting for TNBC.>* The 3-year EFS was 86% overall, with 98% for patients
experiencing pCR and 68% for those with RD. The S2212/SCARLET trial is a phase 3 trial that looks to more definitely
address this question using a non-inferiority design to compare a shorter chemoimmunotherapy regimen of carboplatin
and taxane, excluding anthracyclines, to the KEYNOTE-522 regimen, with EFS as the primary endpoint
(NCT05929768).

Ongoing research is investigating whether ADCs could partially or fully replace preoperative chemotherapy.
A key hypothesis for anti-topoisomerase 1-based ADCs is that their payloads may induce DNA damage, activating
the STING pathway, with potential efficacy enhanced by pembrolizumab.”®”” In the I-SPY2.2 trial, a multicenter
phase 2 platform study using a sequential multiple assignment randomized design in the neoadjuvant BC setting,
106 patients were treated with Dato-DXd and durvalumab.”® The overall pCR rate was 50% (53/106), with the
highest efficacy observed in the Immune+ subtype (79%), followed by the TNBC subtype (62%). In the Immune+
group, Dato-DXd/durvalumab surpassed the predefined success threshold after block A (experimental therapy),
with 54% achieving pCR after Dato-DXd/durvalumab alone and 92% without doxorubicin—cyclophosphamide
(after blocks A + B, subtype-specific ‘best in class’ treatment). This treatment strategy progressed through all
blocks in the hormone-negative/immune-negative subtype.”® In this context, the TROPION-Breast04 trial is
evaluating Dato-DXd with durvalumab in patients with stage II-III TNBC or hormone receptor-low HER2-
negative BC. Patients are randomized to receive either Dato-DXd/durvalumab for 8 cycles followed by surgery
and 9 additional cycles of durvalumab (with or without treatment escalation with chemotherapy of physician’s
choice for residual disease) or the KEYNOTE-522 regimen.’®

The NeoSTAR trial is investigating the potential for an ADC to replace part of the chemotherapy backbone used
in KEYNOTE-522. It evaluated neoadjuvant SG in patients with TNBC (cT1c—T4, any nodal status). After 4 cycles
of SG, patients could either proceed directly to surgery followed by adjuvant treatment at the investigator’s
discretion or receive additional neoadjuvant therapy if biopsy-confirmed residual disease was present.”” Among
the 50 patients enrolled, 26 proceeded directly to surgery after SG, with an overall pCR rate of 30% (15/50; 95% CI
18-45%). Of the remaining patients, 11 had residual disease, classified as RCB-1 (n = 3), RCB-2 (n = 5), or RCB-3
(n = 3). The trial’s next phase, evaluating SG in combination with pembrolizumab, has completed enrollment and
results are awaited.

The combination of T-DXd and durvalumab is currently being studied as a preoperative treatment for patients with
inflammatory BC, including HER2-positive disease or HER2-low BC, in the open-label, non-randomized phase 2 TRUDI
trial (NCT05795101).

Enhancing the KN522 Regimen: Can Additions Improve Outcomes!?

Preliminary findings suggest radiation therapy may enhance the effects of immunotherapy in early BC. For example, the
results from the Neo-CheckRay study indicate potential benefits from adding durvalumab (+ oleclumab, an anti-CD73
agent that reduces the production of immunosuppressive adenosine) to neoadjuvant chemotherapy and stereotactic body
radiation therapy (SBRT) compared to chemotherapy and SBRT alone in patients with early-stage, MammaPrint high-risk
(luminal B), hormone receptor-positive/HER2-negative BC. The trial enrolled 135 patients, all of whom received
neoadjuvant chemotherapy (paclitaxel followed by dose-dense epirubicin/cyclophosphamide) and SBRT (3 x 8 Gy).
Patients were divided into three arms: the standard arm received chemotherapy and SBRT alone, the durvalumab arm
added durvalumab to the regimen, and the combination arm included both durvalumab and oleclumab alongside
chemotherapy and SBRT. Although the primary endpoint of increasing the RCB 0-1 rate from 15% to 45% was not
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met, the study showed improvements in pCR rates. The standard arm experienced a pCR rate of 16.7%, while the
durvalumab arm reached 33.3%. The combination arm, including both durvalumab and oleclumab, showed a similar pCR
improvement at 31.1%.% Specifically in TNBC, results from a similar strategy combining pembrolizumab and radiation
therapy are awaited (P-RAD, NCT04443348, Table 2).

The addition of a second immune agent in combination with a PD-1/PD-L1 inhibitor has been explored in the early-
stage setting following multiple unsuccessful attempts in metastatic disease.' The I-SPY?2 trial, a multicenter, open-label,
adaptively randomized phase 2 study, investigated dual immune blockade with the anti-PD-1 agent cemiplimab and
fianlimab, an anti-LAG3 agent, in 73 patients with early-stage BC (40 hormone receptor-positive and 33 TNBC).*' The
control arm included 357 patients (201 hormone receptor-positive and 156 TNBC). In HER2-negative disease, the
estimated pCR rate in the study arm was 44% (95% CI, 34-54%), compared to 21% (95% CI, 17-25%) in the control
arm. Among patients with TNBC, the pCR rate was higher at 53% (95% CI, 38-67%) versus 29% (95% CI, 22-36%) in
the control arm. Finally, given that an mRNA-based neoantigen vaccine combined with pembrolizumab has demonstrated
a 44% reduction in recurrence risk in stage III/IV melanoma, despite significant differences in biology, tumor micro-
environment, and immunogenicity between melanoma and BC, similar strategies might warrant exploration in
selected BC subtypes.®

Can Biomarkers Help Reduce Therapy or Eliminate Chemotherapy Altogether?

As neoadjuvant chemoimmunotherapy becomes a standard component of treatment for stage II-III TNBC, with
potential expansion to other early-stage subtypes, efforts are ongoing to identify predictors of response to ICIs.
Notably, the KEYNOTE-522 trial found no evidence supporting PD-L1 as a biomarker for immunotherapy
efficacy, as chemoimmunotherapy benefits were observed regardless of PD-L1 status or other clinical and
biological factors.*® To date, no predictive biomarkers for chemoimmunotherapy response have been identified.*®

Accurately predicting response to chemoimmunotherapy would provide significant clinical value, allowing for
tailored treatment to maximize benefits while minimizing toxicity. For example, treatment-related AEs in KEYNOTE-
522 led to discontinuation of trial drugs in 23.3% of patients receiving pembrolizumab with chemotherapy and 12.3%
in the placebo group.® In a multicenter real-world study, 39.5% of 228 participants discontinued the KEYNOTE-522
regimen early due to AEs, with 31.9% experiencing immune-related AEs.* In patients who respond well to
neoadjuvant chemotherapy alone, avoiding the risk of immune-related toxicities—which can be severe, irreversible,
and potentially impact fertility and quality of life—would be important. Conversely, identifying poor responders to
neoadjuvant chemotherapy or chemoimmunotherapy, who are at higher risk of relapse shortly after surgery, would
enable treatment escalation, such as enrolling in trials for high-risk patients or exploring alternative therapies or
immune combinations.*”

In this regard, there is increasing evidence that the effectiveness of neoadjuvant treatments, with or without ICIs, may
correlate with pre-treatment tumor characteristics such as mutational profiles, hormone receptor expression, immune cell
presence and spatial organization, specific gene signatures, and levels of proliferating versus quiescent cancer and
immune cells.****** 5 It may also relate to immune-related changes between baseline and on-treatment samples (tissue
or blood-based).®**” However, challenges persist as studies often focus on specific characteristics in a descriptive
manner, making it difficult to synthesize all available knowledge into a comprehensive, holistic framework.
Additionally, patient cohorts used to explore predictors or validate signatures often include those who received only
chemotherapy or a mix of chemotherapy and chemoimmunotherapy, resulting in a lack of robust data on the specific
benefit of adding ICIs to chemotherapy.

Detecting circulating tumor DNA (ctDNA) after surgery may provide another way to identify patients with TNBC at
high risk of early relapse. The phase 2 ASPRIA trial (NCT04434040) is currently investigating whether intensified
adjuvant therapy with an ADC and ICI combination can eliminate ¢tDNA and improve survival outcomes in ctDNA-
positive patients with RD following surgery. Enhanced assay sensitivity is expected to improve the predictive accuracy of
minimal residual disease clearance in relation to pCR.

Furthermore, sTILs are linked to pCR and long-term outcomes in TNBC treated with anthracycline-based
chemotherapy. A pooled analysis of two studies involving 474 patients with stage I (T >1 cm)-1II TNBC treated
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Table 2 Ongoing (Recruiting, Active, Not Recruiting or Not yet Recruiting) Clinical Trials Investigating Immune Checkpoints in Triple Negative Breast Cancer, as of October 20", 2024

(recruiting)

Trial ID and Phase Number of Setting Treatment Arms Primary Endpoint
Patients
Metastatic setting
NCT06324240, Ph Ib 18 <3 lines of ChT; prior O allowed Personalized TMV vaccine with pembrolizumab or Incidence of AEs, DLTs
(not yet recruiting) ipilimumab
NCT06532812, Ph 1-2 85 No standard treatment regimens available Autologous tumor-infiltrating lymphocytes with Incidence of AEs
(recruiting) pembrolizumab
NCT05086692, Ph 1-2 15 Advanced cancer with measurable disease MDNAI | (long-acting “beta-only” recombinant Incidence of AEs, DLTs
(recruiting) interleukin-2) alone or in combination with pembrolizumab
NCT04802876 184 PD-1 mRNA high-expression (cohort I, 3) Spartalizumab (cohorts | and 2) and tislelizumab (cohort 3) | ORR (cohort 3)
(ACROPOLI), Ph 2 or low-expression (cohort 2) on the tumor | monotherapy
(recruiting) sample; <3 lines of ChT.
NCT04739670 (BELLA), 31 PD-LI positive or sTIL positive, first-line Bevacizumab + Carboplatin + Gemcitabine + Atezolizumab | PFS
Ph 2 (recruiting) setting, DFI < 12 months (early relapse)
NCTO04683679, Ph 2 34 Prior receipt of ICl with progression and/or | Pembrolizumab + ablative RT * olaparib ORR
(recruiting) PD-LI-negative; <3 lines of systemic therapy
NCTO03915678 247 No standard treatment regimens available Atezolizumab + BDBO0OI (iv TLR7/8 agonist) + DCR
(AGADIR), Ph 2 radiotherapy
(recruiting)
NCT03891953, Ph | 98 No standard treatment regimens available DKY709 (selective IKZF2 transcription factor degrader) * | Incidence and severity of AEs and SAEs, DLTs
(active, not recruiting) spartalizumab
NCTO03362060, Ph | 20 2] line of prior systemic therapy for PVX-410 vaccine + pembrolizumab The fold activation of T cells from blood of treated patients at wl0 vs
(active, not recruiting) metastatic or recurrent BC baseline
NCT03289962, Ph | 272 No prior treatment with anti-PD-L1/PD-| Autogene cevumeran (RO7198457) * atezolizumab DLTs, MTD/RP2D, immune-mediated AEs, number of cycles received,
(active, not recruiting) and/or anti-CTLA-4 dose density of autogene cevumeran, change from baseline of targeted
vital signs, laboratory results and ECGs
NCT03328026 (Bria- 54 dosed to Advanced breast cancer Pembrolizumab + SV-BR-1-GM (cell therapeutic vaccine) ORR: 0%, CBR: 36%
IMT), Ph 2 (recruiting) date, |1
TNBC -
SABCS2024
NCTO05123482, Ph |-2 340 Advanced solid malignancies including breast | B7-H4-directed ADC with rilvegostomig Incidence of AEs, DLTs
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Early-stage setting

056), Ph 2 (recruiting)

Preoperative niraparib + dostarlimab (Arm A and Arm B)

NCTO06637306, Ph | 15 Either tumor size 2 2 centimeters (T2-4N0) | IL-4 receptor antagonist dupilumab plus pembrolizumab, Incidence of immune-related AEs
(not yet recruiting) or lymph node involvement with at least paclitaxel, and carboplatin

a lem tumor (T1c-T4NI-3).
NCT06324240, Ph la-b 18 Stage I-Il; prior 1O allowed Personalized TMV vaccine + pembrolizumab or ipilimumab | Incidence of AEs, DLTs
(not yet recruiting)
NCT06078384 (ETNA), 354 TNBC TIb/c NOMO and sTILs = 30% Adjuvant de-escalation strategy (cohort |, pembrolizumab | DDFS
Ph 2 (not yet recruiting) + paclitaxel; cohort 2, observation)
NCTO06067061, Ph 2 51 cT 215 - <30 mm, NO, sTILs = 30%, TNBC, | RPI (oncolytic I10) + Atezolizumab Incidence of AEs, DLTs, rate of RCB 0-1
(recruiting) ctDNA at baseline
NCTO05645380, Ph 2 139 cT1e-T3NO, cTI-T3NI-N2, cTxNI-2 TNBC | Neoadjuvant TIL- and Response-Adapted pCR rate
(recruiting) Chemoimmunotherapy for TNBC (carboplatin, docetaxel,

doxorubicin, cyclophosphamide, pembrolizumab)

NCTO05491226, Ph 2 35 sTIL <40%, or Pembrolizumab, radiation therapy, axatilimab pCR rate
(recruiting) Node-positive, or

CPS < 10 or PD-LI <I%.
NCTO04373031, Ph 2 12 Tle, NI-N2 Pembrolizumab + ACT vs Pembrolizumab + ACT + IRX2 pCR rate
(active, not recruiting) T2, NO-N2 (cell-derived biologic with multiple active cytokine

T3, NO-N2 components)

T4a-d, NO-N2 TNBC
NCTO01042379 (I-SPY), 5000 Stage Il or Ill, or T4, any N, MO Multiple investigational interventions vs standard ChT pCR rate
Ph 2 (recruiting)
NCT05929768, Ph 3 2400 T2-T4, NO, MO or NeoPACT regimen vs KEYNOTE-522 regimen Breast cancer event-free survival
(recruiting) TI-T3, NI-2, MO
NCTO04443348 (P-RAD), 120 T1 (21.0 cm)-T2 and N1-3 Preoperative pembrolizumab + chemotherapy + RT sTILs, pCR in the lymph nodes
Ph 2 (recruiting)
NCT04584255 (TBCRC- 62 gBRCA carriers, HER2-, T21.0 cm

sTILs, pCR

Note: Source: clinicaltrials.gov.

Abbreviations: ACT, doxorubicin and cyclophosphamide followed by paclitaxel; ADC, antibody-drug conjugate; AE, adverse events; BC, breast cancer; CBR, clinical benefit rate; ChT, chemotherapy; CTLA4, Cytotoxic T-lymphocyte-
associated protein 4; DCR, disease control rate; DDFS, distant disease-free survival; DFI, disease-free interval; DLT, dose-limiting toxicity; ECG, electrocardiogram; HER2, human epidermal growth factor receptor 2; IL, interleukin;
IKZF2, IKAROS family zinc finger 2; 10, immunotherapy; IRX2, iroquois homeobox 2; mRNA, messenger RNA; MTD, maximum tolerated dose; ORR, objective response rate; pCR, pathologic complete response; PD-1, Programmed
Cell Death Protein |; PD-LI, Programmed Cell Death Ligand I; Ph, phase; PFS, progression-free survival; RCB, residual cancer burden; RP2D, recommended phase Il dose; RT, radiation therapy; SABCS2024, San Antonio Breast Cancer

Symposium 2024; SAE, severe adverse event; sTIL, stromal tumor infiltrating lymphocytes; T-DXd, trastuzumab deruxtecan; TLR, toll-like receptor; TMV, tumor membrane vesicles; vs, versus; w, week.
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with anthracycline-free neoadjuvant regimens recently showed that sTILs, at a 30% threshold, stratified outcomes
in stage III disease. Five-year OS was 86% in patients with >30% sTILs compared to 57% in those with <30%
(HR: 0.29; P = 0.014), with a similar numeric trend in stage II (5-year OS: 93% vs 89%, HR: 0.55; P = 0.179).
Among stage II-III patients who experienced pCR, EFS was significantly better in those with >30% sTILs (HR:
0.16; P = 0.047).®® Immune enrichment, evaluated by sTILs, PD-L1, and the DetermalO signature, was observed
in nearly 50% of NeoPACT participants and correlated with high pCR rates exceeding 70%.2* Therefore, as sTIL
enrichment is strongly associated with pCR in TNBC and may help identify patients suitable for de-escalation of
neoadjuvant chemoimmunotherapy, the NeoTRACT trial is investigating tailoring neoadjuvant therapy based on
pretreatment sTIL enrichment (NCT05645380). Specifically, for patients with immune-enriched TNBC (sTILs
>30%), a short, anthracycline-free taxane—platinum chemoimmunotherapy regimen is expected to achieve high
PCR rates. Finally, the adaptive phase 2 BELLINI trial investigated whether a short course of combination ICI
could induce immune activation, defined as a twofold increase in CD8+ T cells or IFNG (interferon gamma,
primary endpoint).”® High levels of sTILs were strongly associated with response. Single-cell RNA sequencing
revealed that higher pretreatment levels of tumor-reactive CD8+ T cells and follicular helper T cells, as well as
shorter distances between tumor and CD8+ T cells, correlated with response. In contrast, increased regulatory
T cells after treatment were linked to nonresponse.”’ Based on these findings, Cohort C was opened for patients

Biopsy n’f.m Surgery Relapse () Anthracycline-free
regimens under
. > evaluation
l | | | ? (including ADCs)
Neoadjuvant Adjuvant
Pathologic PCR: de-escalation . X
h\\ response < R: escalation Radiation
[ Anti-PD-1 therapy
Does ICI Pre- Alternative N
op vs post- ChT 1 )
op matter? backbones \
Only ICl used is Can we \; ’
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[KN522] inica anything
practice to
| Early Setting | KN522?
| Advanced Setting | Successes and Anti-PD-1/
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Figure | Successes and Challenges in Incorporating Immune Checkpoint Inhibitors into the Treatment Arsenal for Triple-Negative Breast Cancer. Created in BioRender.
Corti, C (2024) https://BioRender.com/u62i348.

Abbreviations: ADC, antibody-drug conjugate; ChT, chemotherapy; FDA, Food and Drug Administration; HIFla, Hypoxia-Inducible Factor | alpha; ICl, immune
checkpoint inhibitor; 1O, immunotherapy; KN, Keynote; Op, operative; PARP, poly-ADP ribose polymerase; pCR, pathologic complete response; PD-I, Programmed
Cell Death Protein |; RD, residual disease; TNBC, triple-negative breast cancer; VEGF, Vascular endothelial growth factor.
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with high sTILs (>50%), who received 6 weeks of neoadjuvant anti-PD-1 and anti-CTLA-4 therapy followed by
surgery, with pCR as the primary endpoint. Among 15 patients, 53% had a major pathological response (<10%
viable tumor), and 33% experienced pCR.*’

Conclusion and Future Perspectives
ICIs represent a new era for the treatment of TNBC, offering clinically meaningful improvements in outcomes for
selected patient subsets.

In metastatic TNBC, the approval of pembrolizumab for PD-L1—positive disease has marked a pivotal advance, yet
outcomes remain suboptimal, particularly for early-relapsing or heavily pretreated patients. The median OS of 18 months
in metastatic TNBC is still a major research failure, despite years of effort. Novel strategies, such as combining ICIs with
ADCs, PARPis, dual immunotherapies, or bispecific antibodies, are showing promise in overcoming resistance and
enhancing efficacy (Figure 1), but it remains to be proven whether these combinations will provide meaningful hope for
this patient population.

In the early-stage setting, the addition of pembrolizumab to neoadjuvant chemotherapy has significantly enhanced
pCR, EFS and — more importantly — OS, establishing a new standard of care for high-risk TNBC. However, the
KEYNOTE-522 trial employed a four-drug chemotherapy regimen, which extended the treatment duration and
resulted in increased fatigue, treatment interruptions, and short-term side effects. The addition of pembrolizumab
also introduced potential immune-related long-term toxicities. While pCR is an easily measurable endpoint linked to
favorable survival outcomes in TNBC, it has shown limitations in some ICI-based trials. Finally, unlike chemother-
apy, where treatment timing (preoperative or postoperative) historically did not impact survival, the timing of ICI-
based treatment appears to be more crucial for outcomes. Future research must refine the use of biomarkers to
personalize treatment, reduce toxicity, and identify patients who may benefit from therapy de-escalation or alter-
native combinations.

Looking ahead, ongoing studies are exploring ways to optimize immunotherapy timing, improve predictive
biomarkers, and incorporate innovative therapies. From tailoring neoadjuvant regimens to leveraging adaptive trial
designs, the future of immunotherapy in TNBC depends on addressing both biological and clinical challenges. These
efforts hold promise to expand the benefits of ICIs and improve outcomes for this aggressive and heterogeneous
disease.
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