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Context Summary
Key objective: While the scientific community and society at large welcome de-escalation of systemic adjuvant therapy in selected cancer patients in view of quality of life and health economics benefits, more attention should be paid to rigorous de-escalation trial design.
Knowledge generated: A review of de-escalation trials in the last few years highlighted a number of weaknesses which can effectively be addressed in the future. The BIG-NABCG Collaboration developed a roadmap for improving the design and implementation of de-escalation trials guided by patients’ insights, with recommendations on how to minimize treatment non-adherence, heterogeneity of results and risks of undertreatment, and support the selection of RFI, RFS and DMFS as meaningful endpoints.
Relevance: This roadmap can help investigators conduct de-escalation trials with robust, practice-changing, and truly patient-centered results. 

Abstract

An important challenge in the field of cancer is finding the balance between delivering effective treatments, while avoiding side effects and financial toxicity caused by innovative yet expensive drugs. To address this, several treatment de-escalation trials have been conducted in the past but only a few of these have provided clear answers. A few of them suffered from poor accrual or had study design flaws that led to conflicting results. Members of the Breast International Group (BIG) and North American Breast Cancer Group (NABCG) believe that the way forward would be to understand the lessons from these trials and listen more carefully to what truly matters to our patients. We reviewed several adjuvant trials from different cancer types and developed a roadmap for improving the design and implementation of future de-escalation trials. This incorporates insights from patients obtained through focused group discussions across the BIG-NABCG networks. Considerations for the development of de-escalation trials for systemic adjuvant treatment including non-inferiority trial design, choice of endpoints and prioritization of patient’s perspectives are presented in this consensus paper.

Introduction

Progress against micro-metastases in diseases like breast or colorectal cancer reflects the introduction of effective cytotoxic agents and targeted drugs, given in sequence or in combination. Large, prospective, randomized clinical trials have been instrumental to this progress, which translates to 5-year survival rates in excess of 90% for many patients, such as those with HER2-positive breast cancer. Earlier diagnosis and improved loco-regional treatment modalities – e.g. surgery with or without radiotherapy – have also been pivotal in the “race for curing cancer”.
While oncologists are proud of the high rates of cure as a result of systemic therapy trials, they have become aware of its limitations: overtreatment of patients already cured by loco-regional therapy, short-term toxicities, emergence of chronic, long-term and sometimes life-threatening side effects and financial toxicity. Following the example of pediatric oncologists, who have been pioneers in careful treatment de-escalation for highly curable childhood malignancies1,2, oncologists treating adult tumors, in particular breast cancer, are now exploring safer or shorter drug regimens with the hope of little or no loss in rates of long term survival with gains in quality of life.
The rapid growth in the number of drug de-escalation trials in the early disease setting has not always been accompanied by in depth consultation with patients, or statisticians. As a consequence, trial results have often been left with a worrisome heterogeneity in designs and hypotheses. Another concern is the under-funding of some of these trials – given the lack of interest from the pharmaceutical industry – leading to inadequate sample sizes and, consequently, insufficient statistical power for a “robust” practice-changing result.
For all these reasons, academic investigators and experts in clinical trial design from BIG and NABCG which have been collaborating for more than a decade came together to develop a consensus to 1) highlight lessons from important trials on de-escalation 2) build a road map for future drug de-escalation studies in the curative setting incorporating insights from our patients and expert statisticians.

Lessons from past drug de-escalation trials in the adjuvant setting

Shortening the duration of adjuvant systemic therapy
Two large efforts in the field of breast and colon cancer illustrate the lessons from studies that aimed to de-escalate the duration of adjuvant systemic therapy (summarized in table 1).
In colon cancer, oxaliplatin combined with 5-fluorouracil or capecitabine is a standard adjuvant chemotherapy in patients with stage III disease3–5. However, this drug can induce cumulative dose-dependent long-term sensory neurotoxicity6. This led to investigations into shorter duration of oxaliplatin to reduce the risk of neurotoxicity without compromising DFS. The IDEA collaboration was established to analyze data from six randomized trials that evaluated whether a three-month course of oxaliplatin-based adjuvant therapy (FOLFOX4/modified FOLFOX6 or CAPOX) is non-inferior to the standard six-month treatment for patients with stage III colon cancer, with a primary endpoint of DFS at three years7. A modified intention-to-treat method was used for the primary analysis, which included all the patients who had undergone randomization and had received at least one dose of a trial drug. 
Non-inferiority of 3 months of treatment versus 6 months was not confirmed in the overall study population; non-inferiority of the shorter regimen was seen for CAPOX but not for FOLFOX8. As this difference between the treatments was unexpected, no randomization between them took place. Moreover, an exploratory analysis showed that for the combined regimen, 3 months of treatment was non-inferior in lower risk stage III patients (T1-3, N1), but not in higher risk (T4 and/or N2) patients.
Lessons learned from IDEA include: 1) a later time for randomization would have been better to test the efficacy of the two regimens, as the selected early point for randomization increased the risk of suboptimal treatment adherence in the arm with longer treatment duration; 2) inclusion of patients with higher disease burden should be avoided as it can jeopardize a “safe” de-escalation approach. 3) Pooling data from similar albeit different trials contributes to heterogeneity of results and complicates their interpretation. 
In HER2-positive breast cancer, five randomized clinical trials have been conducted to investigate non-inferiority of adjuvant trastuzumab administration durations of less than the “standard” one-year treatment. A meta-analysis showed important differences in the selection of “non-inferiority margin”.9,10 It suggests inferior outcomes for shorter duration trastuzumab for DFS but a significantly higher risk of cardiac events with 12 months of adjuvant. The only “positive” trial, PERSEPHONE (NCT00712140), concluded that 6 months of trastuzumab is equivalent to 12 months, but raises doubts as to the applicability of its results10–12. PERSEPHONE and PHARE13,14 (NCT00381901), scheduled randomization between 6 and 12 months of adjuvant trastuzumab, near the point of treatment divergence. Unfortunately, during their very long recruitment period, clinical practice changed such that virtually all patients today receive concomitant trastuzumab and chemotherapy. Only 47% of the PERSEPHONE patients were treated in this manner, complicating the interpretation of its results. Moreover, only 15% of patients were treated in the neoadjuvant setting, a common approach today. Optimal randomized de-escalation trials need international collaboration to be robust and generalizable. Careful planning with attention to statistical considerations, specifically the non-inferiority margin, are critical to obtain practice-changing results.

Trial designs to de-escalate treatment
Reducing the burden of chemotherapy can be accomplished by removing the most toxic drug(s), replacing a cytotoxic drug by a targeted drug or omitting chemotherapy altogether with the aid of specific biomarkers to allow tailoring of treatment.
In Hodgkin disease, early FDG-PET scan was tested to identify patients sensitive to the eBEACOPP regimen. Identification of patients with negative PET scans at cycle 2 allowed reduction from six to four cycles of eBEACOPP without loss of tumor control15. 
Positive prognostic role of Human Papilloma Virus status prompted randomized de-escalation trials for chemoradiation in head and neck cancer. However, despite positive phase II trials, substituting cisplatin for cetuximab in combination with radiotherapy led to inferior results in two randomized phase III trials16,17.
In HER2 positive breast cancer, the single arm APT trial (NCT00542451) prospectively tested omission of doxorubicin and cyclophosphamide in a carefully selected patient population with a low tumor burden (mostly T1N0 tumors)18. It reported a 3-year iDFS of 98.7% (CI: 97.6-99.8%) which was well above its predefined non-inferiority boundary of 90.8%. At 7 years median follow-up results remained excellent with only four distant metastases reported19. Most national guidelines have endorsed APT, which shortens duration of chemotherapy and alleviates concerns for irreversible treatment-induced cardiotoxicity and substantially reduces acute toxicity among patients with an excellent prognosis.

Tailoring chemotherapy: Evidence from biomarker-based trials
The decision to forego chemotherapy is challenging. The largest experience is in luminal breast cancer for which effective targeted endocrine therapy exists. With the development of multigene expression signatures, such as Oncotype-DX or Mammaprint®, it has become easier to identify patients with excellent outcomes when treated with adjuvant endocrine therapy only (Oncotype-DX) or no adjuvant chemotherapy (Mammaprint®)20,21. The clinical utility of these signatures in selected patients with luminal breast cancer who may safely forego chemotherapy has been tested in two large, prospective trials, TAILORX (NCT00310180) and MINDACT (NCT00433589), which differ in terms of patient populations, design and length of follow-up (table 2). Both trials concluded that chemotherapy could be avoided in selected patients without an unacceptable loss in efficacy. TAILORX did not show a benefit from adding chemotherapy to endocrine therapy in women with node-negative disease and an intermediate recurrence score, according to a fully powered randomized design, while MINDACT demonstrated the per protocol predefined excellent outcome at 5 years in women treated with hormonal therapy only, whose tumors were classified as high clinical risk but found to have a low genomic risk signature (the key “target” group of MINDACT)22,23. Although treatment allocation for women with discordant risks (as determined clinically or genomically) was the result of randomization in MINDACT, there was not enough statistical power for a reliable comparison of these “randomized groups”. As a result, a small distant metastasis free survival (DMFS) advantage from the addition of chemotherapy cannot be formally excluded in the target subgroup of MINDACT but if it exists it does not exceed 2% at 5 years in absolute terms, a benefit that women should be free to take or to reject based on their own perception of benefit versus risk.
There are important differences in the use of the two genomic signatures in the trials. In TAILORX, Oncotype-DX was used at time of primary surgery, independently from “clinical risk” in N0, hormone receptor-positive disease, while in MINDACT a large proportion of clinical high-risk patients were recruited, with 21% with N1 disease overall and 47.6 % in the “high clinical-low genomic risk” subgroup. Controversy remains as to whether Oncotype-Dx and/or Mammaprint® can be safely used in patients with 1 to 3 positive nodes. Registry data would support the use of Oncotype-Dx in such patients while MINDACT can claim the prospective inclusion of such patients, although only 226 patients women with 2 or 3 positive nodes were part of the target group.22,24 This is why results from RxPONDER (NCT01272037), a US trial exploring chemotherapy de-escalation with the use of Oncotype-DX in women with 1 to 3 positive nodes, are eagerly awaited.
In spite of the huge enthusiasm of patients and doctors for conduct of and application of results from these well designed and expensive de-escalation trials, health technology assessment specialists from outside the US have remained “skeptical”. They wonder if the immediate cost linked to the use of these genomic tests will be offset by a reduction in indirect costs such as those induced by short- and long-term chemotherapy side effects. They argue that the “good results” will diminish in time given the persistent risk of late recurrence in this patient group. Recently, more mature results of MINDACT, at 8.7 years median follow-up, have shown an intact performance of the 70 gene assay to guide adjuvant chemotherapy decision in women older than 50 years, with no hint of a chemotherapy benefit in the group with a high clinical risk and a low genomic risk.25 In contrast, for women younger than 50 years of age in this target group, there is an estimated 5% absolute gain in DMFS with adjuvant chemotherapy, which will need to be communicated as part of patient-doctor shared decision making. A very similar observation was made in the TailorX trial.23  In countries where genomic assays are not available, clinical parameters can be used to de-escalate chemotherapy, but may be less reliable. 

The way forward

Involving patients in the design and conduct of de-escalation trials
In the context of the BIG-NABCG meeting 2019, two workshops were held in Belgium and the U.S. to discuss perspectives on various de-escalation strategies and to evaluate patient priorities for treatment outcome and quality of life. The participants were a small, selected group of breast cancer patients, with a variety in age, gender, nationality, work background, family situation and disease stage. They were oriented to principles of trial design and outcomes of various de-escalation studies as well as basic statistical concepts. Subsequently, they were asked whether they would have been willing to participate in these trials at the time of their diagnosis and whether their decision would have changed following the focused group discussion. 
While breast cancer patients are cognizant of the benefits of chemotherapy and radiotherapy, they may be less aware of or less worried about the long-term side effects of such treatments and why appropriate tailoring of treatment is so important. Many factors could affect a patient’s view on treatment and de-escalation. A physician’s aversion to uncertainty will also affect patient’s acceptance of risk. Patient’s expectations are further tempered by their feelings of vulnerability at the time of diagnosis, personal values, influences from media, social networks, family members, experiences of other patients and members of their support group.
          
Risk tolerance discussed in the context of a shared decision-making process
De-escalation can be a difficult concept for patients to understand, particularly at the time of diagnosis when patients feel most vulnerable. Treatment decisions are difficult and are particularly hard under the psychological distress of a cancer diagnosis. Most patients think of chemotherapy therapy as lifesaving and believe that it will eliminate their cancer (therapeutic optimism). There is a high probability that patients will misunderstand the intention of a de-escalation clinical trial. Therefore, it is the responsibility of doctors to convey clearly to patients the reason why less treatment is being tested and how it can result in excellent outcomes in terms of efficacy, safety and quality of life. It must also be made clear whether the de-escalation strategy might benefit patients by reducing side effects, financial toxicity, or both. 
Not surprisingly, patients are more willing to accept de-escalation for treatments that have worse side effects. In the case of the PRIMETIME trial26 where patients with low-grade, node-negative tumors are identified as low-risk by a histochemical (IHC4) biomarker score to avoid radiotherapy, more patients responded that they would consider de-escalation despite the potential increased risk of a rare but treatable local recurrence. The same was true when asked to consider the MINDACT trial where patients identified as low-risk by genomic markers would be randomized to forgo chemotherapy. 
There was less tolerance for risk when considering reducing trastuzumab treatment, such as in PHARE and PERSEPHONE, since trastuzumab has fewer uncomfortable side effects. This was true even after being educated about the fact that trastuzumab increases risk of cardiovascular events. 
Risk tolerance was higher for older patients who were less willing to exchange quality of life for a limited increase in survival. Maintaining physical function and independence is even more important to older patients. This is in contrast to younger patients who were willing to exchange a lower quality of life for any increase in survival since they are usually looking toward a long future of work and family obligations. Importantly, at each workshop, patients were reticent to consider greater than 3% decrease in DMFS when considering a treatment de-escalation.
For de-escalation trials it is even more important that physicians take the time to prepare patients to make informed treatment decisions. Patients expressed that they rely on the expertise of the doctor to lead them to the “right choice.” Patients with metastatic or high-risk cancer tend to be more hesitant to accept the risk of recurrence in a de-escalation trial. It is paramount that risks and potential therapeutic benefits are fully explained to them before they make the commitment to participate. If they perceive that they may regret their decision later, they would rather not take the risk. The patients emphasized that it is important that physicians are honest and that “I don’t know,” is a valid medical opinion. 
To determine the feasibility of a de-escalation trial, it might be useful to conduct a patient survey to better understand patient’s acceptance of the risks and benefits of the proposed trial. Patient Advocates are also willing to be involved in the review of trial protocols, as well as patient information documents to ensure that other patients will thoroughly understand it. 

Facilitating communication and patient education about de-escalation trials
The patient workshops highlighted opportunities for improved patient-doctor communication. Often, doctors have a limited amount of time to talk with patients to hear their fears, personal values, questions or offer an easily digestible explanation of what is entailed in a de-escalation trial. Deciding to participate in a clinical trial is a decision that is not only based on the science but also on values and personal experiences of the patient. As these are complex decisions, there is a need for clear communication and understanding of the individual patient’s values and situation. Tools such as pamphlets and videos that can be shared with friends and family go a long way to make up for the brevity of a typical consultation. Visual aids can be especially helpful for the communication regarding complex aspects of a trial, such as expected absolute risk and the maximum acceptable loss in efficacy (non-inferiority threshold). Having access to other healthcare professionals (such as nurses or hospital volunteers) who can address their questions would be extremely beneficial and helpful in making a shared and informed treatment decision. 

Improving the statistical design of drug de-escalation trials
Careful statistical design is critical for treatment de-escalation trials, as the scientific community often only gets one opportunity to test a de-escalation hypothesis in a clinical trial; it is often difficult to fund de-escalation trials as they require a large sample size, and they might suffer from slow accrual. Moreover, as the underlying hypothesis goes against the body of evidence supporting the current standard of care, a single trial not being able to show non-inferiority is typically sufficient to lose clinical equipoise, and thereby undermine the ethical foundation for future trials assessing the same or a similar hypothesis. Additionally, while a poorly designed superiority trial may fail to pass the threshold of statistical significance and have no influence on clinical practice, a poorly designed non-inferiority trial, has the potential to claim non-inferiority where there is none, and so adversely affect guidelines for standard of care. 


Key aspects in the statistical design of non-inferiority trials
The goal of a non-inferiority trial is to show that an experimental, de-escalated treatment is no worse than standard of care. However, as determining if two treatment arms are exactly equally effective would require an infinite sample size, in practice a predefined threshold is set based on the maximum absolute or relative loss in effectiveness one is willing to accept. This threshold cannot be crossed by the confidence interval surrounding the estimate for the de-escalated treatment arm. The non-inferiority threshold is critical for the design of a de-escalation trial and determines whether the results of a trial will be practice changing. The choice of threshold might be affected by factors such as the absolute risk of disease-related events and the severity of the toxicities associated with the treatment that is being de-escalated. Moreover, input from patients on how they weigh the risk of disease recurrence against the overall burden of the de-escalated treatment is critical.
Typically, the non-inferiority threshold is either defined as an absolute or as a relative loss in effectiveness compared to the standard of care. However, when assumptions about the effectiveness of the standard of care differ substantially from the observed effectiveness in the study, the relation between absolute and relative difference in effectiveness will shift. This can lead to results that are difficult to interpret. For example, in the case of a much better than expected event-free survival, the 95% CI interval of the de-escalated treatment arm might not cross the non-inferiority threshold based on absolute risk, but the corresponding relative risk might be higher than expected and seem difficult to accept. 
Although non-adherence to treatment is a problem in most trials with systemic treatments, it’s effects can have particularly large consequences in non-inferiority trials. As non-adherence to the assigned treatment will make the standard of care arm more similar to the de-escalation arm, the difference in effect between the two arms might be underestimated. Therefore, an “intention to treat” analysis in a de-escalation trial with substantial non-adherence will be biased towards concluding non-inferiority. A “per protocol analysis” reflects a less conservative alternative.27 In de-escalation studies assessing treatment duration, it might be beneficial to randomize patients when they are already on treatment and have almost completed the shorter of the two durations being compared (i.e., the point at which the two treatments diverge). By that time, it is known how well the patient is tolerating the treatment and whether the patient is likely to be able to complete the longer regimen. Moreover, as the initial anxiety at diagnosis might have decreased, the patient may be more willing to consider a treatment de-escalation trial. Finally, adherence to treatment must be part of the IDMC monitoring of the trial.

The single-arm cohort design
Non-inferiority designs typically require narrow confidence intervals and therefore large sample sizes, often leading to prohibitively high costs. In some settings, the use of a single arm cohort design, where the outcomes of a group of patients treated with the de-escalated treatment is compared with an absolute threshold of disease outcomes, might be a way to conduct a trial with a smaller sample size. However, inappropriate use of this design can easily result in the incorrect conclusion about the non-inferiority of the de-escalated treatment. A key requirement for a single-arm cohort design is the availability of high-quality data from one or more a well-matched cohort(s) treated with the current standard of care, which can be used to determine the expected event rate. However, even if these data are available, a single arm cohort design is only appropriate when the expected event rate is relatively low (e.g. <10% events at the main analysis timepoint). For higher event rates, a small difference in the risk profile of study population compared to the historical control will result in a relatively large difference in absolute risk of events, making the comparison invalid. Importantly, even though the inclusion criteria of a single arm cohort study might match a historical control population, the risk profile of patients actually enrolled in the trial might be skewed, typically towards lower risk patients. This might be particularly true for studies that are relatively small or have broad inclusion criteria. 

Most appropriate endpoints of non-inferiority trials
Overall survival (OS) is still the gold standard for outcome measures in clinical trials and the most important outcome for patients. However, assessing OS requires large trials and long-term follow-up. This might mean that a drug has become obsolete by the time the results of a clinical study are available. Moreover, the effect of a treatment on OS is confounded by the effect of subsequent treatment lines given in the case of disease recurrence. Therefore, composite endpoints, for example invasive disease-free survival (iDFS), which takes into account multiple clinical endpoints such as disease recurrence, new primary cancers and death of any cause, are commonly used as the primary endpoint in superiority trials28,29. However, their use in the context of non-inferiority trials is disputed.

Composite endpoints often consider events that cannot be prevented by the treatment that is being de-escalated, such as non-breast cancer-related deaths and new primary tumors in organs other than the breast. These events are expected to occur at an approximately equal rate in both study arms and will dilute the efficacy of treatment de-escalation on preventable events. Therefore, use of endpoints related to disease recurrence events such as recurrence-free interval (RFI) or recurrence free-survival (RFS), are more appropriate in treatment de-escalation trials. Of note, these do not include treatment related deaths, which might provide important insights in the difference in toxicity between the de-escalated treatment and the standard of care. As these events are relatively rare, they should be carefully annotated and analyzed separately. Finally, DMFS should be considered as a primary endpoint as there is no salvage therapy yet for such events that patients fear the most. 

Apart from efficacy endpoints, patient reported outcomes (PROs) and the evaluation of short and long-term toxicities are key in demonstrating the impact of de-escalation treatment. However, it is critical for PROs to be collected in a scientifically rigorous manner for them to truly inform clinical practice30–32.

Using an intermediate endpoint with established individual patient level surrogacy
An elegant way of enhancing the probability of “success” of a de-escalation trial is to use a surrogate endpoint that has robustly shown to have individual-level surrogacy, that is to be significantly associated with an excellent long term DFS.
One of the best examples of this strategy is the use of a drop in proliferation marker Ki67 after 2 weeks of exposure to endocrine therapy given prior to surgery in early luminal breast cancer.
In the POETIC trial (NCT02338310), this dynamic marker, centrally measured before and after a 2 week preoperative exposure to an aromatase inhibitor (AI), was able to divide the patient population into 3 prognostic subgroups: a very low risk group (low Ki67 before and after 2 weeks of AI) with a 4.5% risk of recurrence by 5 years, a median risk group (high Ki67 before and low Ki67 after the 2 weeks of AI) with an 8,9% risk of recurrence by 5 years and a high risk group (high Ki67 before and high Ki67 after the treatment window) with a 19.6% risk of recurrence by 5 years. All patients continued AI therapy after surgery; a small proportion also received post-operative chemotherapy at the discretion of the treating oncologist. This trial represents the largest reported effort so far using a dynamic biomarker to identify low risk patients who should no longer be entered in drug escalation trials. 
In HER2-positive breast cancer, the excellent outcome in the standard arm of APHINITY (NCT01358877), which shows an iDFS rate in excess of 90% at 45 months median follow-up, provides an encouragement for developing careful de-escalation strategies beyond the APT regimen. Two such trials are due to start, on both sides of the Atlantic Ocean, COMPASS and DECRESCENDO. Both will use the endpoint of pathological complete response (pCR), which has demonstrated individual-level surrogacy, to remove anthracyclines from the treatment scheme in case the tumor has pCR after 3 months of exposure to a taxane combined with dual HER2-blockade using trastuzumab and pertuzumab. Although the two trials, differ in terms of patient populations and salvage regimens for non-pCR patients (table 3), both define “non-inferiority” as no less than 94% RFS at 3 years, an ambitious threshold that is needed if these trials are going to be practice changing.


Conclusions
While the scientific community and society at large welcome de-escalation of systemic adjuvant therapy in selected cancer patients in view of quality of life and health economics benefits, more attention should be paid to rigorous de-escalation trial design if robust, practice-changing, and truly patient-centered results are expected. A review of de-escalation trials in the last few years highlighted a number of weaknesses which can effectively be addressed in the future. The BIG-NABCG Collaboration developed a roadmap for improving the design and implementation of de-escalation trials guided by patients’ insights, with recommendations on how to minimize treatment non-adherence, heterogeneity of results and risks of undertreatment, and support the selection of RFI, RFS and DMFS as meaningful endpoints.
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Table 1
	
	IDEA
	PERSEPHONE

	Population
	Patients with stage III colon cancer were enrolled in six concurrently conducted phase 3 trials (n = 12, 834)

	HER2-positive early breast cancer with indication for chemotherapy (n= 4088)

	Treatment
	3 months vs 6 months of adjuvant therapy with either FOLFOX (fluorouracil, leucovorin, and oxaliplatin) or CAPOX (capecitabine and oxaliplatin).

	6 vs 12 months of trastuzumab, given concurrently or sequentially with neoadjuvant or adjuvant chemotherapy.

	Moment of randomization
	The six trials were conducted in heterogeneous settings. The study design did not call for patients to undergo a secondary randomization to CAPOX or FOLFOX.
 
	Initially randomized before start of trastuzumab treatment, after protocol amendment any time up to and including the ninth cycle of trastuzumab.

	Non-inferiority margin
	Noninferiority of 3 months vs 6 months could be claimed if the upper limit of the two-sided 95% confidence interval of the hazard ratio did not exceed 1.12. The predefined noninferiority margin at a one-sided type I error rate of 0.025 assumes a 3-year disease-free survival rate of 72% in the 6-month therapy group.

	3% below the 4-year DFSl of the 12 months group.

	Analysis population
	Modified ITT for the primary analysis that includes all patients who had undergone randomization and had received at least one dose of a trial drug

	ITT for the efficacy analysis; modified ITT, patients who received at least one dose of trastuzumab, for the safety analysis

	Efficacy results
	Noninferiority of 3 months of treatment vs 6 months was not confirmed in the ITT population (hazard ratio, 1.07; 95% confidence interval [CI], 1.00 to 1.15). 
Noninferiority of the shorter regimen was seen for CAPOX (hazard ratio, 0.95; 95% CI, 0.85 to 1.06) but not for FOLFOX (hazard ratio, 1.16; 95% CI, 1.06 to 1.26). 

	4-year disease-free survival was 89·4% (95% CI 87·9–90·7) in the 6 month group and 89·8% (95% CI 88·3–91·1) in the 12 month group (HR 1·07 (90% CI 0·93–1·24)

	Safety results
	3 month group was associated with significantly lower rates of adverse events, independent of the chemotherapy regimen 

Neurotoxicity of grade 2 or higher during active therapy and in the month after cessation of treatment was substantially lower in the 3-month group (16.6% with FOLFOX and 14.2% with CAPOX) than in the 6-month therapy group (47.7% with FOLFOX and 44.9% with CAPOX). 

	6-month group reported SAEs in 373 patients (19%) vs 459 (24%) in the 12 month group, p=0·0002;

Number of patients in the 6-month group stopping early because of cardiotoxicity: 61 (3%) vs 146 (8%) in the 12 month group, p<0·0001.


	Comparison with current SOC
	
	15% received neoadjuvant treatment

47% received concurrent trastuzumab and chemotherapy treatment



Table 2
	
	MINDACT
	TAILORX

	Study population
	Overall population: histologically confirmed primary invasive breast cancer (stage T1 or T2 or operable T3) with up to three positive axillary nodes, n=6693
	Hormone-receptor-positive, HER2-negative, axillary node-negative breast cancer with recommendation or consideration of adjuvant chemotherapy based on the NCCN guidelines, n=10,273

	Genomic test
	The “MammaPrint” 70-gene signature.
	The “Oncotype DX” 21-gene signature.

	Clinical risk
	Low risk was defined as a 10-year probability of breast-cancer–specific survival without systemic therapy >88% for ER+ and >92% for ER- breast cancer based on Adjuvant! Online.
	No further classification based on clinical risk was made. 

	Treatment
	Patients with discordant results were randomly assigned to the chemotherapy group or the no-chemotherapy group on the basis of either the clinical result or the genomic result.
	Women with a Oncotype DX score of 11 to 25 (mid-range) were randomized to receive endocrine therapy alone or endocrine therapy and chemotherapy.

	Statistical test
	Lower-boundary of the 95% confidence interval for the 5-year distant metastasis free survival 92% or higher.
	Null hypothesis of no difference in invasive disease-free survival (STEEP) between the arms with a one-sided type I error of 10% and a 5% type II error. 

	Primary analysis population
	Patients with high-risk clinical features and low-risk gene-expression profile who did not receive chemotherapy (per protocol), n=644
	Women with a Oncotype DX score of 11 to 25 (intention-to-treat), n =6711

	Results
	In the clinical high-risk, genomic low-risk group who did not receive chemotherapy 5-year distant metastasis free survival was 94.7% (95% CI 92.5-96.2%).
	The hazard ratio for invasive disease-free survival was 1.08 (95% CI, 0.94-1.24, p=0.26) for the endocrine alone arm compared to the chemotherapy + endocrine therapy arm.



Table 3
	
	COMPASS
	DECRESCENDO

	Study population
	Stage 2 or 3a HER2-positive breast cancer, n=1250
	HER2-positiver, ER-negative, breast cancer, >=15mm and =<50mm, axillary node negative, non-metastatic, n=1065

	Neoadjuvant treatment
	Paclitaxel or docetaxel plus trastuzumab and pertuzumab for 12 weeks.
	Paclitaxel or docetaxel plus (subcutaneous) trastuzumab and pertuzumab for 12 weeks

	Adjuvant treatment if pCR achieved
	Complete 1 year of trastuzumab and pertuzumab, no further chemotherapy.
	Complete 1 year of (subcutaneous) trastuzumab and pertuzumab, no further chemotherapy

	Adjuvant treatment if no pCR
	Randomization between T-DM1 alone or T-DM1 + tucatinib for 1 year.
	T-DM1 to complete 1 year of anti-HER2 therapy, patients with a recidual burden score of 2 or larger can receive 3-4 cycles of anthracycline-based chemotherapy at the investigator’s discretion.

	Non-inferiority margin
	3-year recurrence-free survival >=95%, lower 95% CI limit > 92%
	3-year recurrence-free survival >=94%, lower 95% CI limit > 92%
Hierachical analysis: first patients with HER2-enriched tumors by PAM50, then overall population
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Randomized studies
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Selection of endpoints



•Favor the use of 
intermediate endpoint 
with established 
individual patient level 
surrogacy



• Avoiding distant 
metastasis is very 
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