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INTRODUCTION
Triple-negative breast cancer represents one of the most challenging 
subtypes of breast malignancy, characterized by its aggressive clinical 
behavior and historically limited therapeutic options. Molecularly 
defined by the absence of estrogen receptor (≤1%), progesterone 
receptor (≤1%), and human epidermal growth factor receptor 2 (0-1+ 
expression), TNBC accounts for approximately 15-17% of all breast 
cancers in the United States (Bianchini et al., 2022). This subtype 
demonstrates a striking predilection for younger patients, particularly 
premenopausal women under 40 years, and shows disproportionate 
representation among African American and Hispanic populations 
(Agarwal et al., 2016).

The clinical urgency surrounding TNBC management stems from its 
aggressive natural history. Patients face a 5-year relative survival rate 
of 77-78% overall, dropping precipitously to 11% for distant disease 
(American Cancer Society, 2023). The temporal pattern of recurrence 
proves particularly concerning, with 75% of recurrences occurring 
within the first three years following treatment (Liedtke et al., 2008). 
Unlike hormone receptor-positive breast cancers, TNBC demonstrates 
preferential spread to visceral organs and brain, with median survival 
after metastasis ranging only 10.2-13.3 months (Caparica et al., 2019).

The molecular heterogeneity underlying the TNBC designation has 
become increasingly recognized through sophisticated classification 
systems. The refined Lehmann classification identifies four major 
subtypes: basal-like (BL1 and BL2) representing 70-80% of cases, 
luminal androgen receptor (LAR) subtype comprising 10-15%, 
mesenchymal (M) accounting for 15-20%, and immunomodulatory 
(IM) representing 10-15% of TNBC cases (Lehmann et al., 2016). 
Each subtype demonstrates distinct therapeutic vulnerabilities and 
clinical behaviors, underscoring the importance of personalized 
treatment approaches.

Neoadjuvant chemotherapy has emerged as the preferred treatment 
approach for stage II-III TNBC (Burstein et al., 2021), offering several 
advantages over adjuvant therapy. This strategy enables real-time 
assessment of treatment efficacy, facilitates surgical downstaging to 
enable breast conservation, and provides crucial prognostic 
information through pathological response evaluation. The 
achievement of pathological complete response (pCR) has been 
validated as a powerful surrogate endpoint for long-term survival 
outcomes in TNBC patients (Cortazar et al., 2014).

The therapeutic landscape for TNBC has undergone revolutionary 
transformation with the integration of immunotherapy. The 
KEYNOTE-522 trial demonstrated unprecedented improvements in 
both pCR rates and long-term survival outcomes (Schmid et al., 2020), 
establishing pembrolizumab plus chemotherapy as the new standard of 
care for high-risk early-stage disease. This breakthrough has catalyzed 
extensive research into novel combination strategies, targeted 
therapies, and biomarker-guided treatment selection.

METHODS
This comprehensive review employed a systematic approach to 
synthesize current evidence regarding pathological response and 
surgical outcomes following neoadjuvant chemotherapy in TNBC. 
Literature searches focused on high-impact medical journals including 
New England Journal of Medicine, Journal of Clinical Oncology, 
Lancet Oncology, Nature Medicine, and Cancer Cell, with emphasis 
on publications from 2020-2025 to capture the most current evidence 
and recent therapeutic advances.

The review methodology prioritized systematic reviews, meta-
analyses, and large-scale clinical trials to ensure robust evidence 
synthesis. Key databases searched included PubMed, EMBASE, and 
clinical trial registries, with focus on studies reporting pathological 
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ABSTRACT
Background: Triple-negative breast cancer (TNBC) represents 12-20% of all breast cancers and is characterized by the absence of estrogen 
receptor, progesterone receptor, and human epidermal growth factor receptor 2 expression (Foulkes et al., 2010). This aggressive subtype 
disproportionately affects younger women and demonstrates superior response to neoadjuvant chemotherapy compared to other breast cancer 
subtypes.  This comprehensive review synthesizes current evidence from major clinical trials, meta-analyses, and recent publications Methods:
from 2020-2025 examining neoadjuvant chemotherapy approaches, pathological response rates, predictive biomarkers, and surgical outcomes in 
TNBC patients.  Neoadjuvant chemotherapy achieves pathological complete response (pCR) rates of 40-50% with standard regimens Results:
(Cortazar et al., 2014), increasing to 64.8% with pembrolizumab combinations in the landmark KEYNOTE-522 trial (Schmid et al., 2020). 
Platinum-based regimens enhance pCR rates by 13-15% compared to standard anthracycline-taxane protocols (Poggio et al., 2018). Patients 
achieving pCR demonstrate significantly improved survival outcomes with 5-year overall survival rates of 86-95% versus 62-78% for non-pCR 
patients (Huang et al., 2020). Breast-conserving surgery rates increase from 76.5% to 83.8% following neoadjuvant therapy (Loibl et al., 2018), 
though re-excision rates double to 32% compared to primary surgery. Key predictive biomarkers include tumor-infiltrating lymphocytes, PD-L1 
expression, BRCA1/2 mutations, and homologous recombination deficiency scores.  The integration of immunotherapy with Conclusions:
neoadjuvant chemotherapy represents a paradigmatic shift in TNBC treatment, significantly improving both pathological response rates and long-
term survival outcomes. Modern approaches enable increased breast conservation while maintaining oncologic safety, though surgical complexity 
increases. Biomarker-guided treatment selection is emerging as crucial for optimizing outcomes in this heterogeneous disease.
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complete response rates, surgical outcomes, predictive biomarkers, 
and long-term survival data in TNBC patients receiving neoadjuvant 
chemotherapy.

Inclusion criteria encompassed studies with clearly defined TNBC 
populations, standardized pathological response assessment criteria, 
and adequate follow-up for survival analysis. The analysis 
incorporated data from landmark trials including KEYNOTE-522 
(Schmid et al., 2020), CALGB 40603 (Sikov et al., 2015), GeparSixto 
(von Minckwitz et al., 2014), and BrighTNess (Loibl et al., 2018), 
along with recent meta-analyses providing pooled estimates of 
treatment efficacy across multiple clinical trials.

RESULTS AND DISCUSSION
Molecular Characteristics and Clinical Behavior of TNBC
TNBC demonstrates distinct molecular and clinical characteristics that 
differentiate it from other breast cancer subtypes. The disease 
primarily affects younger women with 88.4% presenting as invasive 
carcinoma of no special type and characteristically high histological 
grade (Garrido-Castro et al., 2019). The molecular landscape reveals 
elevated expression of basal markers including CK5/6 (19%), CK14 
(6%), CK17 (60%), and EGFR (42%), reflecting the predominantly 
basal-like phenotype (Nielsen et al., 2004).

Genetic predisposition plays a crucial role, with BRCA1 mutations 
identified in 8.5-15% of TNBC patients and BRCA2 mutations in 2.7-
5% (Tung et al., 2020). Remarkably, 71% of BRCA1-associated breast 
cancers are triple-negative, highlighting the strong association 
between hereditary cancer syndromes and this aggressive subtype. The 
broader concept of homologous recombination deficiency affects 
approximately 39% of TNBCs, creating therapeutic opportunities for 
DNA-damaging agents and PARP inhibitors (Telli et al., 2016).

The clinical aggressiveness of TNBC manifests through higher rates of 
visceral and brain metastases compared to other subtypes (Lin et al., 
2008). Patients face a 25% post-surgery recurrence rate, with 40% 
mortality within the first five years (Dent et al., 2007). However, this 
aggressive biology paradoxically confers enhanced chemosensitivity, 
with TNBC demonstrating three-fold higher pCR rates compared to 
hormone receptor-positive breast cancers (Liedtke et al., 2008).

Rationale and Efficacy of Neoadjuvant Chemotherapy 
Approaches
The superiority of neoadjuvant over adjuvant chemotherapy in TNBC 
derives from multiple clinical advantages. Primary benefits include 
enabling breast-conserving surgery through tumor downstaging, 
providing real-time treatment response assessment, and generating 
prognostic information through pathological response evaluation 
(Spring et al., 2020). Meta-analyses of 36,480 TNBC patients 
demonstrate equivalent survival outcomes between neoadjuvant and 
adjuvant approaches while offering the additional strategic advantages 
(Bagegni et al., 2019).

Standard anthracycline-taxane regimens achieve pCR rates of 35-45% 
in TNBC patients (Cortazar et al., 2014). The sequential AC-T protocol 
(four cycles of adriamycin-cyclophosphamide followed by four cycles 
of paclitaxel) represents the backbone regimen, with dose-dense 
scheduling demonstrating superior outcomes compared to every three-
week administration (Citron et al., 2003). However, the integration of 
platinum agents significantly enhances treatment efficacy.

Platinum-based combinations represent a major therapeutic advance, 
with multiple randomized trials demonstrating consistent benefit. The 
CALGB 40603 trial showed carboplatin addition increased pCR rates 
from 44% to 60% (Sikov et al., 2015), while GeparSixto demonstrated 
improvement from 36.9% to 53.2% (von Minckwitz et al., 2014). 
Meta-analysis data confirm a pooled 13.2% absolute improvement in 
pCR rates with platinum addition (Poggio et al., 2018), establishing 
these regimens as standard options for appropriate candidates.

Immunotherapy Integration And Breakthrough Outcomes
The integration of pembrolizumab with neoadjuvant chemotherapy 
represents the most significant advance in TNBC treatment. The 
pivotal KEYNOTE-522 trial enrolled 1,174 patients with high-risk 
early-stage TNBC, comparing pembrolizumab plus chemotherapy to 
placebo plus chemotherapy (Schmid et al., 2020). The immunotherapy 
combination achieved remarkable pCR rates of 64.8% versus 51.2% 
with chemotherapy alone, representing a 13.6 percentage point 

absolute improvement.

Long-term follow-up data demonstrate sustained clinical benefit with 
5-year overall survival rates of 86.6% versus 81.7% favoring the 
pembrolizumab combination (HR 0.66, 95% CI: 0.50-0.87) (Schmid 
et al., 2024). Event-free survival similarly favored immunotherapy 
with HR 0.63 (95% CI: 0.48-0.82), establishing pembrolizumab plus 
chemotherapy as the new standard of care for high-risk early-stage 
TNBC (Schmid et al., 2022).

The treatment regimen involves four cycles of pembrolizumab with 
paclitaxel and carboplatin, followed by four cycles of pembrolizumab 
with anthracycline-cyclophosphamide, then nine cycles of adjuvant 
pembrolizumab maintenance (Schmid et al., 2020). While 43% of 
patients experienced immune-related adverse events, these proved 
manageable with 68% requiring treatment but no significant increase 
in surgical complications (Mittendorf et al., 2020).

Predictive Biomarkers For Treatment Response And Outcome
The identification of predictive biomarkers has become crucial for 
optimizing treatment selection in TNBC. Tumor-infiltrating 
lymphocytes (TILs) emerge as one of the most robust predictive 
factors, with meta-analysis of 37 studies (n=7,716) demonstrating high 
TIL levels significantly associated with pCR achievement (OR 2.14, 
95% CI 1.43-3.19) (Denkert et al., 2018). Patients with TILs ≥50% 
show 5-year overall survival of 95% versus 82% for those with TILs 
<30% (Loi et al., 2019).

PD-L1 expression serves as a key biomarker for immunotherapy 
benefit, with 20-40% of TNBC cases demonstrating positivity 
depending on the assay used (Emens et al., 2019). KEYNOTE-522 
trial data revealed 68.9% pCR rates in PD-L1-positive patients versus 
54.9% in PD-L1-negative patients receiving pembrolizumab 
combination therapy (Schmid et al., 2020).

BRCA1/2 mutation status profoundly influences treatment response, 
with carriers achieving 42-46% pCR rates compared to 21-26% in non-
carriers using standard chemotherapy (Tung et al., 2020). The 
differential becomes even more pronounced with platinum-based 
regimens, where BRCA1/2 carriers achieve 65.4% pCR rates versus 
30.2% in non-carriers (Hahnen et al., 2017). Homologous 
recombination deficiency (HRD) scores provide broader identification 
of DNA repair-deficient tumors, with HRD-positive patients showing 
superior pCR rates (OR 13.06, 95% CI 1.52-112.41) (Telli et al., 2016).
Ki-67 proliferation index demonstrates complex associations with 
outcomes, with high levels (≥40%) predicting enhanced pCR rates but 
paradoxically worse long-term survival (Keam et al., 2011). This 
finding underscores the importance of achieving complete 
pathological response in highly proliferative tumors to overcome their 
aggressive biology.

Surgical Outcomes and Considerations Following Neoadjuvant 
Therapy
Neoadjuvant chemotherapy significantly enhances opportunities for 
breast-conserving surgery in TNBC patients. The BrighTNess trial 
demonstrated increased BCS eligibility from 76.5% at diagnosis to 
83.8% following neoadjuvant treatment, with approximately 50% of 
initially ineligible patients becoming candidates for breast 
conservation (Loibl et al., 2018). Overall BCS rates of 68.1-70.6% are 
achieved among eligible patients post-neoadjuvant therapy (Golshan 
et al., 2015).

Surgical safety profiles remain acceptable following neoadjuvant 
treatment, with overall complication rates of 15-25.9% showing no 
significant increase compared to primary surgery (Bonadonna et al., 
1998). However, re-excision rates double to 32% compared to 17% for 
primary surgery, primarily due to challenges in assessing residual 
disease extent (Volders et al., 2016). The median 30-34 day interval 
from chemotherapy completion to surgery proves optimal for surgical 
outcomes (Sanford et al., 2016).

Axillary surgery considerations have evolved with improved 
understanding of nodal response patterns. Sentinel lymph node biopsy 
achieves 93.5-94.9% identification rates following neoadjuvant 
therapy, though false-negative rates of 10.7-22% require careful 
patient selection and technique optimization (Boughey et al., 2013). 
Retrieval of ≥3 sentinel nodes reduces false-negative rates to <7%, 
establishing this as the recommended approach (Kuehn et al., 2013).
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Quality of life outcomes consistently favor breast-conserving 
approaches, with BREAST-Q scores demonstrating significantly 
higher satisfaction across multiple domains for BCS compared to 
mastectomy (Pusic et al., 2009). These differences persist years after 
treatment completion, emphasizing the importance of breast 
conservation when oncologically appropriate.

Long-Term Survival Outcomes and Prognostic Factors
Pathological complete response achievement represents the most 
powerful prognostic factor in TNBC. Patients achieving pCR 
demonstrate event-free survival HR 0.18 (95% CI: 0.10-0.31) and 
overall survival HR 0.20 (95% CI: 0.07-0.41) compared to those with 
residual disease (Huang et al., 2020). Five-year overall survival rates 
reach 86-95% for pCR patients versus 62-78% for non-pCR patients 
(Spring et al., 2020).

Overall survival outcomes for TNBC have improved substantially 
with modern therapies. Five-year overall survival approximates 77.5% 
for non-metastatic disease, with stage-specific rates of 85-90% for 
Stage I, 70-75% for Stage II, and 55-65% for Stage III disease 
(Bianchini et al., 2022). Conditional survival analysis demonstrates 
improving prognosis over time, with 10-year survival probability 
increasing from 69.9% to 98.9% after surviving nine years cancer-free 
(Wang et al., 2016).

Recurrence patterns in TNBC show distinct temporal and anatomic 
characteristics. The highest recurrence risk occurs within the first 2-3 
years, with 75% of recurrences manifesting within this critical period 
(Dent et al., 2007). Distant recurrence affects 17% of patients under 40 
years compared to 12% of older patients, while local recurrence rates 
remain relatively low at 5-6% across age groups (Cancello et al., 
2010).

Emerging Therapies And Future Directions
The therapeutic landscape continues evolving rapidly with multiple 
promising approaches under investigation. PARP inhibitors have 
demonstrated significant efficacy in BRCA-mutated TNBC, with the 
OlympiA trial showing overall survival benefit (HR 0.68) for adjuvant 
olaparib (Tutt et al., 2021). Neoadjuvant applications show promise, 
with the NEOTALA study achieving 53% pCR rates in BRCA carriers 
receiving talazoparib (Litton et al., 2020).

Novel immunotherapy combinations beyond pembrolizumab are 
advancing through clinical development. CAR-T cell therapies 
targeting multiple antigens including EGFR, ROR1, and c-Met show 
early promise (Liu et al., 2021), while cancer vaccines demonstrate 
encouraging immunogenicity and clinical activity. The α-lactalbumin 
vaccine completed Phase I testing with good tolerability, with Phase II 
studies planned for 2025 (Tuohy et al., 2024).

Personalized medicine approaches are becoming increasingly 
sophisticated, with molecular subtyping tools like TNBC-DX 
integrating genomic signatures with clinical factors for outcome 
prediction (Prat et al., 2020). The FUTURE trial demonstrated the 
feasibility of subtype-guided therapy, achieving 29.8% overall 
response rates in heavily pretreated patients through biomarker-
directed treatment selection (Jiang et al., 2021).

Novel drug delivery systems represent another frontier of innovation, 
with smart nanoparticles, antibody-drug conjugates, and targeted 
delivery platforms showing enhanced therapeutic efficacy while 
reducing systemic toxicity (Li et al., 2022). These approaches may 
overcome resistance mechanisms and expand treatment options for 
difficult-to-treat patient populations.

CONCLUSION
The management of triple-negative breast cancer has undergone 
transformative evolution through the integration of neoadjuvant 
immunotherapy, refined surgical approaches, and biomarker-guided 
treatment selection. The landmark KEYNOTE-522 trial established 
pembrolizumab plus chemotherapy as the new standard of care, 
achieving unprecedented pCR rates of 64.8% and demonstrating 
sustained survival benefits with 5-year overall survival of 86.6% 
(Schmid et al., 2020, 2024).

Neoadjuvant chemotherapy enables enhanced surgical outcomes with 
increased breast conservation opportunities while maintaining 
oncologic safety. The evolution from simple chemotherapy regimens 

to sophisticated combination approaches incorporating platinum 
agents and immunotherapy has dramatically improved pathological 
response rates and long-term survival outcomes. However, increased 
surgical complexity requires careful attention to margin assessment 
and re-excision planning (Volders et al., 2016).

The identification and validation of predictive biomarkers represents a 
crucial advancement enabling personalized treatment selection. The 
integration of tumor-infiltrating lymphocytes, PD-L1 expression, 
BRCA mutation status, and homologous recombination deficiency 
scores provides a framework for optimizing treatment decisions and 
improving outcomes for individual patients (Denkert et al., 2018; Telli 
et al., 2016).

Future directions focus on addressing remaining challenges including 
treatment optimization for non-responders, development of novel 
targeted therapies for specific molecular subtypes, and expansion of 
treatment de-escalation strategies for patients achieving excellent 
responses. The continued evolution of personalized medicine 
approaches, sophisticated drug delivery systems, and novel 
immunotherapy combinations promises further improvements in 
outcomes for this historically challenging breast cancer subtype.

The paradigmatic shift toward immunotherapy integration, 
biomarker-guided treatment selection, and response-adapted therapy 
management represents the foundation for continued progress in 
TNBC treatment. As our understanding of molecular heterogeneity 
deepens and novel therapeutic approaches mature, the outlook for 
patients with triple-negative breast cancer continues to improve 
substantially, transforming what was once considered an invariably 
poor-prognosis disease into an increasingly treatable condition with 
expanding opportunities for cure and long-term survival.
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