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Introduction and objectives
Early breast cancer is frequently curable, yet historical relapse 

rates remained substantial with local therapy alone, especially in node-
positive disease. Bonadonna’s randomized CMF trials established that 
postoperative systemic therapy can eradicate occult micrometastatic 
disease and improve long-term survival.1,2

The EBCTCG overviews provided robust population-level 
estimates of benefit, confirming that polychemotherapy reduces 
recurrence and breast cancer mortality over 15 years and beyond.3–6

Objectives of this review are to:

•	 Summarize biological principles supporting adjuvant systemic 
therapy (micrometastases, log-kill, tumor kinetics, resistance).

•	 Trace historical evolution from CMF to anthracyclines, taxanes, 
and dose-dense strategies.

•	 Integrate endocrine therapy as the cornerstone of HR-positive 
disease and clarify its interaction with chemotherapy.

•	 Review the impact of HER2-directed therapy, response-adapted 
escalation, and modern targeted/biologic treatments (CDK4/6, 
PARP, immunotherapy).

•	 Provide a practical, subtype-driven contemporary framework and 
future directions (ctDNA/MRD).

Biological foundations: Skipper, Norton–Simon, Goldie–Coldman 
Limitations of Skipper’s model in solid tumors.

Although Skipper’s log-kill hypothesis provided a foundational 
conceptual framework for cytotoxic chemotherapy, it was originally 

derived from rapidly proliferating leukemia models and therefore 
has limitations when extrapolated to solid tumors such as breast 
cancer. Solid tumors display significant spatial heterogeneity, variable 
vascularization, and regions of hypoxia that may limit uniform drug 
delivery. In addition, breast cancers often have lower proliferative 
fractions and complex tumor–microenvironment interactions not 
represented in leukemia systems. These biological characteristics 
reduce the predictability of constant fractional cell kill and help 
explain the heterogeneous therapeutic responses observed in solid 
tumors.

Skipper’s log-kill hypothesis posits that cytotoxic therapy kills a 
constant fraction of tumor cells per cycle, supporting combination 
therapy and adequate dose intensity to drive cell burden below a 
regrowth threshold (Figure 1).

Figure 1 Skipper log-kill concept (schematic).

J Cancer Prev Curr Res. 2026;17(1):9‒13. 9
©2026 Hunis. This is an open access article distributed under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and build upon your work non-commercially.

Adjuvant systemic therapy in early breast cancer: 
from CMF to precision risk-adapted treatment

Volume 17 Issue 1 - 2026

 
Emeritus member of ASCO, ESMO, Honorary member of AMA, 
Argentina

Correspondence: Adrian Hunis MD, Emeritus member of 
ASCO, ESMO, Honorary member of AMA, Department of 
Oncology, Buenos Aires, Argentina

Received: March 02, 2026 | Published: March 10, 2026

Abstract

Background: Adjuvant systemic therapy has fundamentally altered the natural history of 
early breast cancer. Beginning with Bonadonna’s CMF program, the curative principle of 
micrometastatic eradication became clinically proven, and subsequent EBCTCG meta-
analyses quantified durable reductions in recurrence and mortality with polychemotherapy.1–6

Methods: Evidence-based narrative review of biological foundations (tumor kinetics and 
resistance), landmark randomized trials, meta-analyses, and contemporary subtype-driven 
strategies integrating chemotherapy, endocrine therapy, and modern biologic/targeted 
agents.

Results: Anthracycline and taxane-based regimens improved outcomes over earlier 
approaches, with additional gains from dose-dense scheduling (validated by randomized 
trials). HER2-directed therapy (trastuzumab ± pertuzumab) produced major reductions in 
recurrence; response-adapted escalation with antibody–drug conjugates further improved 
outcomes in residual disease. In HR-positive disease, endocrine therapy is foundational 
and long-horizon, while genomic assays refine chemotherapy selection. In TNBC, post-
neoadjuvant capecitabine and perioperative immunotherapy improve event-free outcomes. 
In selected high-risk HR+/HER2− disease, CDK4/6 inhibition improves invasive disease-
free survival; and in germline BRCA1/2-mutated high-risk HER2− disease, adjuvant PARP 
inhibition improves invasive DFS and overall survival.4–12,14–30

Conclusions: Modern adjuvant care is biology-driven and risk-adapted. Integrating 
subtype, nodal burden, genomic risk, and response to preoperative therapy maximizes 
cure while minimizing toxicity and overtreatment. Future directions include ctDNA-based 
minimal residual disease (MRD) strategies and adaptive escalation/de-escalation trials.31–36
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The Norton–Simon hypothesis proposes that tumor regression 
under therapy is proportional to intrinsic tumor growth rate; reducing 
inter-cycle intervals limits regrowth and can increase efficacy. 
This concept underpins dose-dense therapy, validated clinically in 
randomized trials 7

(Figure 2) The Goldie–Coldman hypothesis emphasizes that 
resistant subclones arise stochastically as tumors grow; early multi-
agent therapy reduces the probability that resistant clones dominate 
and supports combination regimens in curative settings.

Figure 2 Norton-Simon tumor growth kinetics (schematic).

History of adjuvant chemotherapy

The modern era began with Bonadonna’s CMF program, 
demonstrating durable DFS and OS benefits in operable node-positive 
disease, including 20-year follow-up data.1,2

EBCTCG meta-analyses subsequently confirmed long-
term reductions in recurrence and breast cancer mortality with 
polychemotherapy, providing the statistical foundation for global 
adoption of ACT.3–6

Development of adjuvant chemotherapy protocols

Anthracyclines replaced CMF in many settings after meta-
analytic evidence of superior recurrence reduction. Subsequent 
taxane incorporation provided additional benefit, and randomized 
trials established dose-dense schedules as a high-risk standard when 
tolerated.4–7

Common historical and contemporary backbones include CMF; 
AC/FAC/FEC; sequential or combined anthracycline–taxane 
regimens; and non-anthracycline options (e.g., TC) in selected 
patients to limit cardiotoxicity.4,8,37

Long-term outcomes: 5, 10, 20 Years

Long-term follow-up is essential because benefits accrue over 
years and late events are common in HR-positive disease. EBCTCG 
analyses demonstrate that early recurrence reductions translate into 
sustained mortality reductions at 10–15 years and beyond.4–6,20

Bonadonna’s 20-year CMF follow-up confirmed durability of 
benefit and established ACT as a curative-intent intervention rather 
than transient delay.2

Current state of adjuvant chemotherapy

Contemporary adjuvant therapy is subtype-driven and increasingly 
risk-adapted. Chemotherapy remains essential for biologically high-
risk disease, while endocrine therapy is foundational in HR-positive 
tumors and genomic assays refine chemotherapy selection. Targeted 
agents and immunotherapy deliver additional benefits in selected 
populations.15–19,20–30

Indications

Adjuvant chemotherapy is generally indicated for node-positive 
disease, most TNBC ≥T1c, and many HER2-positive tumors 
requiring systemic therapy. In HR+/HER2− disease, chemotherapy is 
recommended for higher clinical risk and/or high genomic risk, while 
many low genomic-risk patients can safely omit ACT.4–6,15–19,38–40

Current Protocols (Table 1).
Table 1 Contemporary systemic therapy framework (illustrative).

Subtype / setting Backbone Key additions Notes

HR+/HER2− (low 
genomic risk)

Endocrine therapy — Avoid chemotherapy when validated low risk.

HR+/HER2− (high clinical/
genomic risk)

Anthracycline-taxane or 
TC ± abemaciclib (selected high-risk)

Balance benefit vs toxicity; consider 
menopausal status.

HER2+ (node+ or high 
risk) Taxane-based chemo trastuzumab ± pertuzumab; 

consider T-DM1 if residual disease
Response-adapted escalation after 
neoadjuvant therapy.

TNBC stage II–III Anthracycline-taxane (± 
platinum per context)

pembrolizumab perioperative; 
capecitabine if residual disease

Immunotherapy for eligible stage II–III; post-
neoadjuvant escalation if residual.

Which patients should receive adjuvant chemotherapy?

In HR+/HER2− disease, the key question is for whom 
chemotherapy adds clinically meaningful benefit beyond endocrine 
therapy. Prospective trials using genomic assays (TAILORx, 
MINDACT, RxPONDER) established that many patients—
particularly postmenopausal with low recurrence scores—can avoid 
chemotherapy without compromising invasive or distant outcomes.15–19

In premenopausal HR-positive patients, apparent chemotherapy 
benefit may reflect both cytotoxic and endocrine (ovarian suppression) 

effects; treatment selection should integrate clinical risk, genomic 
risk, and endocrine strategy intensity.19,27

Standard for high-risk patients

High-risk early breast cancer typically includes ≥4 positive nodes, 
inflammatory breast cancer, large or high-grade tumors, aggressive 
subtypes (TNBC, HER2+), and/or high genomic risk. Standards 
include anthracycline-taxane backbones with dose-dense scheduling 
when feasible, dual HER2 blockade for selected HER2+ patients, 
and response-adapted escalation with T-DM1 after residual HER2+ 
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disease or capecitabine after residual HER2− disease (especially 
TNBC).7,13,14,16

In high-risk HR+/HER2− disease, adding CDK4/6 inhibition 
(abemaciclib) to endocrine therapy improves invasive DFS in selected 
patients; in germline BRCA1/2 mutations and high-risk HER2− 
disease, adjuvant olaparib improves invasive DFS and OS.28,30

Role of adjuvant endocrine therapy
Endocrine therapy is the cornerstone of adjuvant treatment for 

HR-positive disease and reduces both early and late recurrence. 
Tamoxifen for 5 years reduces recurrence and breast cancer mortality; 
extending to 10 years further reduces late events (ATLAS, aTTom). 
In postmenopausal patients, aromatase inhibitors reduce recurrence 
compared with tamoxifen. In premenopausal higher-risk patients, 
ovarian function suppression plus tamoxifen or an aromatase inhibitor 
improves outcomes (SOFT/TEXT).20–27

New biologic and targeted adjuvant therapies
HER2-directed therapy (trastuzumab) dramatically reduced 

recurrence, with incremental benefit from pertuzumab in selected 
high-risk patients and major benefit from T-DM1 in residual disease 
after neoadjuvant therapy. Beyond HER2, modern adjuvant therapy 
includes CDK4/6 inhibition for selected high-risk HR+/HER2− disease 
and PARP inhibition (olaparib) for germline BRCA1/2-mutated 
high-risk HER2− disease. In TNBC, perioperative pembrolizumab 
improves event-free outcomes.8–16,28–30

Future directions: ctDNA/MRD and adaptive 
escalation/de-escalation

Circulating tumor DNA (ctDNA) has emerged as a promising 
biomarker for the detection of minimal residual disease after curative-
intent surgery. Tumor-specific genomic alterations identified in 
the primary tumor can be tracked in plasma using highly sensitive 
sequencing technologies. Detection of ctDNA after surgery or after 
completion of adjuvant therapy strongly correlates with an increased 
risk of relapse and may precede radiologic recurrence by several 
months or even years. This approach offers the potential to identify 
patients with molecular residual disease who may benefit from 
treatment escalation or enrollment in clinical trials, while ctDNA-
negative patients could be candidates for therapeutic de-escalation.31-36

Conclusions
From CMF to modern targeted therapy, adjuvant systemic 

treatment has progressively reduced recurrence and mortality in early 
breast cancer. Contemporary practice is biology-driven: endocrine 
therapy is foundational in HR-positive disease; chemotherapy 
remains essential for high-risk phenotypes; and targeted/biologic 
agents deliver additional absolute benefits in selected populations. 
The next wave of progress is likely to be defined by MRD-guided 
personalization and rational de-escalation strategies (Table 2 & Table 
3).1–6,20–30,31–60

Table 2 Landmark trials informing contemporary adjuvant therapy

Trial Population Intervention Key outcome (headline)
CMF program Node-positive CMF vs observation Durable DFS/OS benefit

EBCTCG meta-analyses Meta-analysis Polychemotherapy 
comparisons Sustained mortality reductions

CALGB 9741 High-risk/node+ Dose-dense vs q3w OS improvement
NSABP B-31 / N9831 HER2+ Chemo + trastuzumab ~50% recurrence reduction
HERA HER2+ Trastuzumab after chemo DFS improvement
APHINITY HER2+ high-risk Pertuzumab + trastuzumab iDFS benefit in node+
KATHERINE Residual HER2+ T-DM1 vs trastuzumab iDFS improvement
CREATE-X Residual HER2− Capecitabine vs none Benefit in TNBC
KEYNOTE-522 Stage II–III TNBC Pembrolizumab + chemo EFS improvement
TAILORx / MINDACT / RxPONDER HR+/HER2− Genomic risk-guided Chemo omission in low-risk subsets
monarchE High-risk HR+/HER2− Abemaciclib + ET iDFS improvement
OlympiA gBRCA, HER2− high-risk Olaparib vs placebo iDFS/OS improvement

Table 3  Practical high-risk features suggesting escalation

Category Examples
Anatomic burden ≥4 positive nodes; bulky nodal disease; T3/T4 tumors
Aggressive biology TNBC; HER2+; high grade; high Ki-67
Residual disease after neoadjuvant Residual invasive disease in HER2+ (→ T-DM1); residual TNBC (→ capecitabine)

Genomics / host factors High recurrence score: premenopausal with node+ and RS≤25 (consider endocrine intensity + systemic 
strategy)

Genetics gBRCA1/2 with high-risk HER2− disease (→ olaparib)
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