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Abstract

Background: As we move away from the traditional chemotherapy era to targeted therapy, the 

validity of old assessment paradigms associated with therapeutics are being raised in the context 

of immunotherapy. The old paradigm required elaborating on the toxicity assessment, with no 

expectation of efficacy in early phase trials. Safety data from Phase 1 and 2 studies with many 

immunotherapeutics show limited toxicities and draw attention to the need to demonstrate efficacy 

in the early evaluation of new agents.

Methods: Literature searches indicate that molecular oncology mechanistic-based agents are 

being linked with molecular disease status and clinical benefit. Biomarkers and other endpoints 

are being employed to accomplish this. Perspectives for a meaningful context of integrating 

biomarkers and clinical trial design are reviewed.

Results: The design and conduct of clinical trials have not been fully adjusted to the new era of 

personalized oncology, and so we are in transition. A part of this transition is the management of 

expectations and trial designs that need to be considered relative to preclinical experience in the 

development of therapeutics. For example, pathological complete response is now considered 

a surrogate marker for favorable prognosis in breast cancer patients who are treated in the 

neoadjuvant setting. This surrogate marker is tied to novel agents’ mechanistic characteristics 

with no preclinical counterpart.

Conclusion: The old paradigm considers patients equal with similar chances to respond to 

treatments, but the new paradigm considers patient’s heterogeneity, a major fact that informs the 

design of clinical trials. By linking every treatment to a mechanism of action and to the presence 
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of a specific biomarker, new trials are going to have more subjects who are likely to respond to the 

treatment.
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1. INTRODUCTION/BACKGROUND

There is a push to find and develop effective targeted treatments that are based on the 

changes in the molecular biology of tumor cells [1]. Such therapeutics are mechanistic-

based, blocking biologic transduction pathways regulating cell death [1]. Rapid advances 

in the understanding of tumor biology and the underlying mechanisms of cancer offer 

an opportunity for the integration of mechanistic-based therapeutics and identification of 

populations that will benefit from such therapeutics. This emphasis is also manifested in 

the increasing interest by the US Food and Drug Administration (FDA) to rapidly approve 

targeted cancer drugs.

Targeted therapy, while typically thought of as being directed toward a target molecule 

or pathway, also defines a particular population. Preclinical information, focusing on the 

mode(s) of action of a therapeutic and its results in experimental models, should help build 

hypotheses concerning potential efficacy, as it translates to humans [2]. This integrative 

process should define the intended target patient population, but often it does not [3]. 

Moreover, milestones and expectations of translatable efficacy, first established in the 

therapeutic discovery phase, are often not met. The failed endpoint necessitates definition 

and management of coincident expectations from preclinical studies through proof of 

concept (PoC) studies [2, 4]. PoC trials typically use an early-efficacy endpoint, rather 

than a clinical response, as the primary endpoint [5]. Do these endpoints have preclinical 

homologues that contribute to go/no-go decisions in the development process? In this 

review, we discuss various perspectives associated with defining and managing expectations 

in the transition of PoC studies to clinical development that is relevant to breast cancer 

populations.

1.1. Setting the Stage: New Guidance that Links Mechanism with Target Population

Go/no-go decisions are fundamental to modern therapeutic development, and they require 

analysis from many fronts [6]. The appropriateness of a target and management of key 

milestones in preclinical assessments of disease and outcomes comes first [2]. Formal 

clinical milestones, such as the end of Phase 1, Phase 2a PoC, and Phase 2b, also have 

intermediate milestones and expectations that need to be managed [7].

Phase 2a PoC clinical trials are commonly conducted as pilot studies to evaluate the 

efficacy and safety of a therapeutic in a selected patient population [8]. The efficacy 

objective is to assess the effectiveness of a study treatment in that patient population. 

This necessitates linking mechanistic actions of the therapeutic with clinical benefit. In this 

context, new guidance from the FDA has defined a clinical setting for breast cancer studies 
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and the surrogate endpoint, pathological complete response (pCR). This guidance provides 

opportunities to evaluate the clinical benefit of novel therapeutics in breast cancer patients in 

a shorter timeframe.

The approval of pertuzumab for use in the neoadjuvant setting is evidence that the FDA is 

committed to supporting the accelerated-approval pathway [9]. The breakthrough therapy 

process, in general, is evidence of the commitment by the FDA to facilitate clinical 

development decisions [10]. This designation includes all of the Fast Track program 

features, as well as more intensive FDA guidance, on an efficient therapeutic development 

program. The emerging world of N-of-one medicine highlights a need for new approaches to 

cancer treatments that are pinpointed at an ever-smaller patient population. But the efficacy 

of therapeutics is beyond the FDA’s control, and efficacy is dependent on trial design and 

defining and managing expectations between preclinical studies and early Phase 1 studies 

[2].

1.2. The Backdrop of Clinical Development

The backdrop of determining clinical benefit is still etched in process models of clinical 

development (Fig. 1), requiring target discovery and validation, PoC clinical trials, and 

clinical development, leading to approval [11]. Perhaps the most important part of the 

process is the PoC stage that links Phase 1 and Phase 2 studies [12]. Phase 2a PoC 

trials, designed to provide an initial test of a particular therapy in a defined population, 

are the single most important determinants of research-and-development efficiency in the 

therapeutic-development process. While Phase 2a clinical-trial design is often viewed as 

a mini-version of a Phase 3 trial, it is not possible to use the clinical endpoints required 

for approval in a “first efficacy” study. Choosing the right patient population to test safety 

and efficacy in a Phase 2a study becomes paramount when deciding to move forward. 

Consequently, surrogate endpoints (e.g., pCR), which are tied to tumor biology and patient 

population, present themselves as a logical means to glimpse potential efficacy and warrant 

further clinical development.

It cannot be stressed enough that successful management of the research-to-development 

interface (Fig. 2) requires robust decision-making in the selection of targets, target-patient 

characteristics, and endpoints.

2. DEFINING EXPECTATIONS

There are special positions for Phase 1 and Phase 2 (2a and 2b) clinical trials in therapeutic 

development. Phase 1 clinical trials are the gateway between scientific research and clinical 

medicine. Phase 2a trials are “pilot” trials that evaluate efficacy (and safety) in selected 

patient populations for the disease or condition to be treated, diagnosed, or prevented [8]. 

Therapeutic PoC studies rely on Phase 2a studies but without a large number of patients. The 

expectation is that early Phase 2 studies will provide evidence of a reasonable likelihood of 

efficacy in pivotal Phase 3 studies and that Phase 2 studies will help set the design for the 

next clinical trial.
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There are technical factors that lend to successful development of a therapeutic (Fig. 3) 

[13]. Expectations include defining the strength and quality of target validation (the “right 

target”), demonstrating target engagement (the “right tissue”), defining safety margins (the 

“right safety”), developing patient stratification plans (the right patient), and defining the 

medical value proposition (the right commercial potential) [13]. While all of these factors 

are linked clearly, development of therapeutics requires efficacy.

2.1. Managing Target Selection and Population

Target selection and the mechanism of efficacy can dictate the target population. Managing 

expectations of efficacy, starting from preclinical studies and moving through clinical 

development, is a challenging task, especially in the context of the choices of endpoints 

used to determine efficacy [2, 14]. It seems obvious that the availability of human-based data 

that links a target to a disease can drive confidence in target selection.

Major advances in cancer treatment are linked to treatment strategies reflective of the 

clinical setting, where improved survival is seen with the addition of targeted therapies [15]. 

Breast cancer treatments were developed by first testing for safety and signs of efficacy in 

cohorts of patients with advanced disease, with the intent to later test promising drugs in 

patients who are in earlier disease stages to increase cure rates and improve outcomes for the 

entire population of women at risk (Fig. 4, left panel) [16].

While this approach has led to therapeutics, we are transitioning to an era of molecular 

oncology whereby pathways are linked to disease in subpopulations (Fig. 4 right panel). 

While randomized controlled trials (RCTs) remain the standard for establishing efficacy of 

new therapies, increased effort is required for the appropriate subpopulation to be found. In 

this era, patients still define a useful therapy as one that allows them to live longer and helps 

them to live better [16].

Interestingly, while the primary endpoint of oncology RCTs has shifted away from response 

rate to survival and other time-to-event endpoints [17], N-of-one trials and the use of 

surrogate endpoints to suggest clinical benefit are some of the drawbacks of this perspective 

[18]. Consequently, in the era of molecular oncology, the challenge is to identify which 

subset of patients is likely to benefit from a novel therapy on the basis of tumor-level 

molecular characteristics and then determine the best trial design [18].

2.2. Rethinking Randomized Trials

RCTs are considered a necessary element to validate efficacy, eliminating bias in how 

patients are allocated to treatment options [19]. The FDA often requires randomized trials 

for the approval of drugs. However, several oncology drugs have been approved on the basis 

of objective endpoints without a randomized trial [20, 21]. Experiments typically involve a 

trade-off between internal validity, the ability to trace causal inferences to the intervention, 

and external validity, indicating the generalizability of the results [22].

RCTs can be large and complex [23] or large and simple [24]. To account for heterogeneity 

among participants, RCTs must be quite large to achieve statistical significance. RCTs, 

therefore, provide trends of a large group, making applicability of results to individual 

Kieber-Emmons et al. Page 4

Rev Recent Clin Trials. Author manuscript; available in PMC 2022 July 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



patients problematic. Therefore, RCTs can be criticized for not providing enough guidance 

as to which individuals would benefit from a treatment: the basis for personalized medicine 

[25-27].

Tumors that express or greatly rely on the therapeutically targeted molecular pathway 

might be more likely to regress completely than tumors that fail to express the molecular 

target [28]. Knowing that a target is expressed, patients can be screened prior to trial 

enrollment, and this will enrich the study population with patients whose tumors are more 

likely to respond. Nevertheless, it might be unethical to exclude HER2-negative patients 

from treatment because we know that some patients respond to trastuzumab, despite not 

having a HER2 expression pattern on their tumor cells [29]. The case might be the same for 

PDL-1-targeted therapy because of the same type of observations [29, 30]. How accurately 

can the target be measured?

3. THE DRIVE FOR EFFICACY

Although the widespread impact of new therapeutics has relied, up till now, on clinical trial 

concepts associated with population-based assessment of a treatment, we are transitioning 

from population-based to personalized oncology [14, 16]. As noted by Maitland and 

Schilsky [16], cancer investigators are facing two concurrent and sometimes competing 

challenges: 1) conducting clinical trials of new, potentially more effective, therapeutic 

interventions more quickly than ever before [31] and 2) transforming the infrastructure 

and design of clinical trials from those suited for the era of population oncology to those 

necessary in the era of personalized oncology [32].

3.1. Precision Oncology and Efficacy

The concept of precision/personalized medicine is the framework for integrating molecular 

biology with genetic information to define mechanisms of action. There are pros and cons of 

the concept [33-35]. Cancer therapeutic development continues to lead the way in exploiting 

the precise molecular pathology that drives the progression of individual cancers [36]. The 

heterogeneity of cancer cells and their environment is, however, a challenge to targeted 

therapies [37]. While targeted therapies have been among the most recent approaches 

to treating cancer, the vast changes in the genetics of tumors via mutations reduce the 

effectiveness of targeted therapies and lead to disease progression.

Understanding cancer as a disease starts with identifying crucial environmental forces and 

corresponding adaptive cellular strategies (Darwinian selection), driven by environmental 

selection forces that interact with individual cellular adaptive strategies (Fig. 5). 

Proliferating cells - including those in tumors - require mitochondrial respiration. 

Proliferative cells certainly undergo Darwinian evolution that is powered by genetic 

instability. The emergence of drug resistance, for example, can result from a cancer cell 

being under "selective pressure" of chemotherapy, which changes the "adaptive landscape," 

whereby resistant populations of cancer cells can invariably evolve. This underlying biology 

also negatively impacts the necessary evidence to enroll patients with a specific molecular 

signature in a trial that will enable them to achieve event-free survival. This heterogeneity, 

expressed between subpopulations, extends to intratumoral differences affecting pathways 
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that might impede the discovery of clinically useful biomarkers as predictive of response to 

treatment [38-40].

The fundamental fact that cancer cells evolve to resist targeted therapies is commonly 

ignored in the design of treatment strategies. In an effort to develop patient- specific, 

long-term therapeutic strategies, resistance needs to be anticipated by developing "adaptive 

therapies" prior to the emergence of resistance. Nevertheless, success in targeted therapy 

is exemplified by high-profile drugs, such as Herceptin (trastuzumab), Gleevec (imatinib), 

Tarceva (erlotinib), and Avastin (bevacizumab).

3.2. Patient Advocacy and Efficacy

In 2015, the FDA approved 30 drugs for cancer (http://www.fda.gov/Drugs/

InformationOnDrugs/ApprovedDrugs/ucm279174.htm), which is more than three times the 

number they approved in 2009. Ipilimumab (Yervoy; Bristol-Myers Squibb, New York, NY), 

approved by the FDA for the treatment of metastatic melanoma, provides a survival benefit 

(over and above the standard-treatment arms) of 3.7 months in previously treated patients 

and 2.1 months in previously untreated patients [41-43]. The cost, $120,000 for 4 doses, is 

comparable to the cost of other oncology treatments [41]. Ipilimumab is important because 

about 20% of patients who use this therapy achieved a long-lasting complete remission that 

can be equal to a cure of a disease that in the past was invariably fatal. However, identifying 

those patients upfront and administering the drug to them becomes the challenge.

Patient advocacy, with the realization of treatment costs, followed up by discussions 

associated with the Moonshot Initiative, has contributed to the drive for faster approvals. It 

is presumed that faster FDA approval will lower treatment costs because development costs 

should be lower. In short, the US drug-approval process is fuelled by competing concerns: 

the significant financial investment that drug manufacturers make throughout the clinical 

trial and approval processes, the need for drugs to be safe and effective, and the need to 

speed a drug to market in cases where there are gaps in treatments [44].

3.3. Endpoints and Efficacy

A relevant issue in clinical trials is the selection of an appropriate endpoint. Endpoints used 

in oncology trials can be grouped into two general categories: patient-centered endpoints 

and tumor-centered endpoints [45]. The FDA first approved ipilimumab on the basis of 

an improvement in overall survival (OS), compared with the gp100 vaccine, in patients 

with advanced melanoma [42]. Although ipilimumab was approved based on OS, objective 

response rate (ORR) was initially the primary endpoint. The primary endpoint was amended 

to OS because of Phase 2 results and data from an ongoing, blinded Phase 3 study. The 

totality of the data from two Phase 3 studies led to ipilimumab being approved based on an 

extension of survival, despite its failure to significantly raise ORR (i.e., the initial primary 

endpoint).

OS is the most meaningful clinical endpoint in cancer research and ultimate metric for 

clinical benefit of a therapeutic [27]. Studies with a hard clinical endpoint, such as survival, 

are not always feasible for establishing the efficacy or risk of an intervention [46]. So, 

how is clinical benefit defined in the absence of a hard clinical marker? Biomarkers, 
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under appropriate conditions, are proposed to substitute for hard clinical markers [47]. 

An appropriate biomarker is defined as “a characteristic that is objectively measured 

and evaluated as an indication of normal biologic processes, pathogenic processes, or 

pharmacologic responses to a therapeutic intervention” [47]. Biomarkers for clinical efficacy 

can be divided into several groups, including natural-history markers, biological-activity 

markers, and surrogate markers. Surrogate markers are events of a more intermediate nature 

and are associated more with biological mechanisms than survival [48].

3.4. Surrogate Markers - pCR as a Special Case

The FDA has defined efficacy as a clinically meaningful benefit, which can be codified 

under their accelerated-approval process. Some time ago, the FDA started to think about 

surrogate markers as a substitute for clinical endpoints to define and correlate efficacy of 

treatments [47-49]. Surrogate markers can include patterns, such as response rates, time-to-

disease-relapse, or molecular or genetic changes in blood or tissue samples. These metrics 

reflect patient milestones that researchers can use as stand-ins to predict longer-term patient 

results, such as survival.

Recent discussions about pCR being used as a potential endpoint to support accelerated 

approval have started to change the landscape. Studies have demonstrated that pCR is 

the most significant prognostic factor for patients with breast cancer who are treated 

with neoadjuvant therapy [50, 51]. Patients with breast cancer who experience a pCR 

with neoadjuvant chemotherapy can have significant improvements in both disease-free 

survival (hazard ratio [HR] 0.48, 95% CI: 0.37-0.63) and OS (HR 0.48, 95% CI: 0.33-0.69), 

compared with patients with residual invasive disease [52].

Does pCR mean the same thing in all types of breast cancer? pCR might be considered by 

some to represent a valid surrogate endpoint for long-term outcomes, such as progression-

free survival (PFS) and OS, the usual primary trial endpoints in adjuvant or metastatic-

disease settings [50, 53]. However in luminal type, pCR does not have the same predictive 

power of long-term clinical outcomes, such as disease-free survival (DFS) and OS [53]. 

Expressed in other terms, when pCR succeeds in predicting long-term outcomes it reflects 

the sensitivity of the primary tumor cells and the disseminated tumor cells to the tested 

therapy. In tumor types where pCR does not predict long-term outcomes, the eradication 

of the primary tumor does not correlate with the eradication of disseminated tumor cells 

because these cells are different from the primary cells. Surrogate biomarkers are often 

used as proxies since they define intermediary mechanisms of disease processes and are 

considered as indicators of a biological or pathological process or a therapeutic response 

[54, 55]. ORR is the portion of patients with a tumor size reduction of a predefined amount 

for a minimum time period. However, promising early results measured by response rates 

often do not translate into long-term benefits, such as longer PFS or OS [56].

Long-term follow-up of subjects in trials is clearly needed [57]. Short-term trials cannot 

address long-term risks and benefits, and small studies cannot reliably assess treatment 

differences in clinical survival outcomes [58]. Historically, single-arm trials with objective 

tumor responses were viewed as sufficient Phase 2 evidence of biologic activity [58], and 
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most Phase 3 trials were based on the efficacy data from these relatively small single-arm 

Phase 2 trials [58].

Herein might be a cause for Phase 3 trial failures. This is the reason why the FDA mandated 

the conduct of traditional confirmatory trials that would take years to mature for all drugs 

that benefited from the pCR-based accelerated approval process, such as pertuzumab.

4. TARGET POPULATIONS IN BREAST CANCER

Gene-expression profiling has led to the molecular classification of breast cancer 

characterized by four intrinsic subtypes: basal-like, HER2-positive, luminal A, and luminal 

B [59, 60]. Among the estrogen receptor (ER)-positive types of breast cancer, the luminal A 

subtype has been shown to exhibit good clinical outcomes with endocrine therapy, whereas 

luminal B represents the more complicated subtype, diagnostically as well as therapeutically. 

For luminal A breast cancers, the addition of chemotherapy to endocrine therapy generally 

provides little benefit [61].

There is an important practical consideration for neoadjuvant therapy. While the accelerated 

approval of pertuzumab in the neoadjuvant setting relied on pCR as a surrogate endpoint 

for clinical benefit, FDA guidance on the generality of using pCR as an endpoint applies 

only to targeted agents that were developed for high-risk patients. In breast cancer, the triple 

negative (TN) and luminal B breast cancers typically are rapidly dividing and have higher 

expression levels of Ki67, which may explain their chemosensitivity, in keeping with the 

idea that chemotherapy is most effective at killing cells that are rapidly dividing. Luminal 

A cancers represent a significant continuing challenge because patients who present with a 

high tumor burden and with four or more positive lymph nodes have a largely unsatisfactory 

outcome with endocrine therapy [62]. The benefit from chemotherapy is either very minimal 

or nonexistent in patients with luminal A cancers. The effectiveness of endocrine therapy is 

limited by de novo or intrinsic resistance (i.e., existing before any treatment is given) and 

acquired resistance during treatment (i.e., resistance that develops during therapy after an 

initial period of response). About 50% of patients with metastatic disease do not respond to 

initial endocrine treatment [63]. Inevitably, patients with ER-positive advanced breast cancer 

will become refractory to endocrine therapy, and they will actually have a worse overall 

long-term survival than same-stage TN patients [62].

4.1. Molecular Pathways of Efficacy

Clinical trials in breast cancer have provided insight on the molecular characteristics of 

breast cancer and treatment strategies [53]. Treatment combinations targeting receptor 

signaling that block the crosstalk between pathways and eliminate escape routes have 

been proven highly effective in clinical outcomes [63]. Results of recent clinical studies, 

while partly supporting this approach, also highlight the need to better identify a priori 
the appropriate patients whose tumors are most likely to benefit from specific co-targeting 

strategies.

Since monitoring biologic disease processes increasingly employs biomarkers, various task 

forces and agencies have assessed guidelines in the hope that improvements in biomarker 
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studies will enhance the efficiency of investigational drug development [64-68]. Although 

we have yet to show which levels of biological information are most informative to 

predict outcome, an integrated molecular characterization of tumors will likely offer the 

most comprehensive view for individualized therapy approaches [69] as shown in Fig. 

(5). Signaling pathways themselves might be biomarkers [70]. Fey et al. showed that 

constructing a pathway that reproduces the all-or-nothing, switch-like activation of the 

stress-activated kinase JNK could be used to stratify neuroblastoma patients [70].

The use of either biomarkers or surrogate markers in the early phases of therapeutic 

development is generally noncontroversial from a regulatory viewpoint. Reliance on 

informative markers obtained early in the development process might be problematic in 

clinical development if the markers in preclinical models are vastly different than in the 

targeted population.

4.2. Linking Target with Patient Population

Glycosylation is the stepwise procedure of covalent attachment of oligosaccharide 

chains to proteins or lipids, and alterations in this process have been associated with 

malignant transformation [71]. Glycans are involved in a number of processes relevant 

to carcinogenesis, including regulation of growth factors/growth factor receptors, cell-cell 

adhesion and motility, as well as immune system modulation. Expression analyses of 

glycan-related genes reveal that mRNA levels for many of the glycan-related genes 

differ significantly between normal and malignant breast tissue [72]. Immunohistochemical 

staining also indicates this differential expression [73]. The totality of glycan expression on 

cancer cells defines them as tumor associated carbohydrate antigens (TACAs) [74].

It is postulated that antibodies reactive with TACAs are part of immune-surveillance 

mechanisms [75, 76] and have apoptotic activity that affect metastases [77]. TACAs define 

a right target (Fig. 3) because of their tissue distribution and functional importance in 

tumor biology [71, 74]. These glycan signatures are linked to signaling cascades [78]. We 

have taken advantage of the nature of antibodies to bind to the right target by developing 

carbohydrate mimetic peptides (CMPs) that will induce antibodies with proapoptotic activity 

toward cancer cells, much like natural antibodies [79]. We therefore expect to develop such 

antibodies, given the right choice of CMP, with characteristics that allow manufacturing 

success for clinical testing [2]. This peptide is a pan-immunogen, synthesized with the Pan T 

cell peptide PADRE, and is able to induce antibody responses to multiple TACAs expressed 

on multiple tumor phenotypes in mice and humans.

Our preclinical studies indicate that CMP immunizations are effective in mouse models of 

cancer, which indicate that we are targeting the right tissue [79-83]. In addition, antibodies 

that bind to a broad spectrum of TACAs can reduce tumor-cell dissemination by multiple 

mechanisms, including blocking the adhesion of metastatic cells to adhesion molecules, 

mediating cell death via complement pathways, and generally functioning as regulatory 

molecules to thwart signaling processes that underlie migration, autocrine, and paracrine 

activities that grant immune privilege to cancer [75].
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Glycan expression on human and murine tissues can similarly react with various lectins 

[73, 83]. In the context of safety profile, using tissue destruction or immune pathology as a 

metric, we observed that immunization with CMPs in general do not destroy normal tissue 

or induce antibodies that could lead to neuronal damage in experimental animals [82, 83], 

indicating that they have the right safety level with immunogen dosing ranges of 100-500 

ug. In a Phase 1 clinical trial where metastatic breast cancer subjects were immunized with 

P10s CMP, we found the immunogen to be safe and tolerable, with no adverse response of 

grade 3 tumors and subjects to have the same immunogen concentration as the experimental 

animals [84].

In terms of defining the “right patients”, we are using in vitro assessments to better 

understand combination therapies and immunogen-induced antibodies [84]. We have 

observed that immunogen-induced antibodies can sensitize tumor cells for cell death 

through apoptotic mechanisms [84]. Consequently, the induction of such antibodies links 

the right target, the right tissue, and the right safety with mechanisms of efficacy that are 

translatable from preclinical models to humans. The observation that the induced antibodies 

can sensitize tumor cells to more efficient killing by taxanes [84] has led us to start a Phase 

2 study in the neoadjuvant setting with estrogen-positive, HER2-negative patients with a 

change in pCR as the surrogate endpoint (see below). Immunization with CMPs offers a new 

direction in the treatment of cancer that links innate and adaptive responses to target TACAs 

[85].

4.3. Linking Mechanism with Efficacy

We are using the rationale of Fig. (6) in our neoadjuvant Phase 2 trial with the P10s CMP. 

Results from our early-stage Phase 1 trial with the P10s immunogen indicate that the CMP 

induces antibodies with GD2/GD3/GM2 reactivity, much like it did in our preclinical studies 

in mice [82]. More broadly, we believe our results suggest that targeting TACAs by active 

specific immunization, as a means to perturb signaling, offers new opportunities to target 

cancer beyond the conventional lytic killing of cancer cells by the immune system. We also 

observe that P10s-induced antibodies play a role in sensitizing tumor cells for more efficient 

activity of taxanes [84]. Gene-expression profiling suggests that Bcl-2 is upregulated in 

luminal A tumor cells, which may explain why these tumors are resistant to cytotoxic 

chemotherapy. Reduced sensitivity to various chemotherapeutic drugs is well known to 

be mediated by high levels of the anti-apoptotic protein Bcl-2 [86] and associated with a 

low Ki67 expression profile, typical for luminal A. Consequently, patients with luminal A 

tumors do not derive much benefit from chemotherapy, and pCRs are low in patients within 

this subgroup who are treated with neoadjuvant chemotherapy.

If there were a way to increase pCR in the luminal A subpopulation, will pCR for this 

subpopulation become predictive of survival and would standard of care change? Based 

on meta-analyses, the effect by HR status is dependent on tumor grade [50]. Patients with 

grades 1 and 2 who reached pCR still did not do well. This manuscript suggests that killing 

all cancer cells in the primary tumor bed does not matter because patients who had a pCR 

did not do better than those who did not reach a pCR. In other words, eradicating all primary 

tumor cells in ER-positive grades 1 and 2 breast cancer is not parallel with eradication of 
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disseminated tumor cells. It is possible that the indolent nature of these cancers leads to 

early clonal evolution with a major genomic drift that separates the disseminated tumor cells 

from the primary-tumor-bed cells by causing different sensitivities to cytotoxic agents. In 

this case, increasing the number of pCRs for the sake of increasing pCR numbers is unlikely 

to increase survival. Yet, the fact that pCR rates that are associated with grade 3 tumors, and 

other tumor subtypes, can reflect survival leads to a “what if” one can change grade 1 and 

grade 2 tumor types to be responsive, as grade 3 tumor types are.

The concept that antibodies can sensitize low-grade tumors (of the luminal A type) to the 

efficacious action of chemotherapeutics on grade 3 cancers can possibly change treatment 

paradigms for this subpopulation. Targeting this subpopulation for future clinical therapy 

development should include:

1. Generally, endocrine therapy alone would be recommended for luminal A, which 

carries an excellent ten-year breast cancer-specific survival rate. However, tumor 

dormancy and late recurrences beyond 10 years are characteristic of luminal A.

2. TACAs are involved in tumor-cell dissemination and in dormancy [87]. Tumor 

cells exhibit striking changes in cell-surface glycosylation, as a consequence 

of dysregulated glycosyltransferases and glycosidases. Circulating tumor cells 

can evolve with the expression of different TACA moieties that affect distant 

tumor-cell dissemination and organ colonization. These disseminated tumor 

cells carry the same indolent nature as the primary tumor, but since they are 

evolving independently from the primary tumor and are undergoing different 

environmental pressures, they may acquire different genetic/epigenetic changes.

In particular, an increase in the expression of certain sialylated glycans is a 

prominent feature of many transformed cells [87]. Altered sialylation has long 

been associated with metastatic cell behaviors, including invasion and enhanced 

cell survival; however, there is limited information regarding the molecular 

details of how distinct sialylated structures or sialylated carrier proteins regulate 

cell signaling to control responses, such as adhesion/migration or resistance to 

specific apoptotic pathways [87]. We have shown that a breast cancer cell line 

that targets the bone had higher levels of α2-6-linked sialic acid [88], whereas 

upregulation of ST6GaLNAcV, which adds α2-6 sialic acid to gangliosides, 

directs breast cancer metastasis to the brain [89].

3. The optimal manner and duration of endocrine therapy in either pre- or 

postmenopausal women is still debated; extension of endocrine treatment beyond 

5, or even 10, years has received support from clinical studies [90], but the 

most effective endocrine therapy agent requires ongoing study to better define 

treatment algorithms for luminal A breast cancer.

4. If we can overcome Bcl-2 resistance in luminal A cancers, we can optimize 

this approach for other breast cancer subtypes. Because diminished Bcl-2 

expression in cancer confers increased sensitivity to cytotoxic chemotherapy, 

it is possible that breast cancer patients with endocrine-resistant disease could 

achieve significant therapeutic benefit from cytotoxic agents [91, 92].
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5. In breast cancer, a relationship between host defense mechanisms and prognosis 

was proposed some time ago [93]. Subjects with tumors densely infiltrated 

with CD8+ T cell, a critical component of antitumor immunity, tend to have 

a better prognosis, especially in rapidly proliferating tumors [94]. Denkert et 
al. [95] showed that the presence of tumor-associated lymphocytes in breast 

cancer is a new and independent predictor of response to anthracycline/taxane. 

CD8+ cytotoxic T lymphocytes are a key component of Tumor Infiltrating 

Lymphocytes (TILs) associated with chemo-response [96]. Without chemo-

response, TILs might not be functional for luminal A patients.

6. PD-L1 upregulation, which is more frequent in basal breast cancers, is 

associated with increased T-cell cytotoxic immune response [97]. Upregulation 

of PD-L1 is associated with better survival and chemotherapy response and 

is also associated with increased pCR after neoadjuvant chemotherapy [97]. 

Consequently, reactivation of dormant tumor-infiltrating lymphocytes by PDL1-

inhibitors could represent a promising strategy in PD-L1-upregulated basal 

breast cancer.

5. THE POLITICS AND FASHIONS OF THERAPEUTICS

Predicting clinical efficacy is one of the greatest bottlenecks in therapeutic development. 

Biomarkers continue to appeal as an essential part of clinical development strategies. Useful 

biomarkers that offer information on mechanisms that can be tied to the clinical benefit 

of particular individuals undergoing treatment are viewed as the future of medicine. In 

principle, this approach offers an alternative to conventional therapeutic development for 

large populations (one size fits all), and they promise that correlative relationships will lead 

to safer therapies and faster approval rates.

Biomarker development now relies on the FDA Critical Path Opportunities list, which has 

potential to speed up the development and approval of new drugs. Interestingly, while 

biomarkers are increasingly popular, adding such biomarkers might actually increase the 

burden of evaluation in clinical trials. In addition, there is often a gap in the ability to predict 

a drug candidate’s performance early and with a large degree of certainty, due in part to a 

mismatch in managing expectations in the early phases of evaluation [2]. Calculating small 

differences in gene expression, for example, requires a large number of patients. Biomarker 

qualification is the preferred terminology for the evidentiary procedure of causally linking 

a biomarker to a biological process. This is a lengthy process that requires prospective 

and or retrospective analysis of prospectively conducted clinical trials and large population 

screening, which is at odds with the push for smaller and faster trials.

Biomarkers are argued to be predictors of drug efficacy that help to reach conclusions faster 

than evaluating conventional clinical endpoints. Safety profiles in preclinical and human 

studies, along with biomarker evaluation that are associated with mechanisms, can certainly 

lend themselves to the decision-making process to move forward with clinical development. 

Emphasizing mechanistic studies at the preclinical stage with robust biomarker assays 

should increase prospects of successful outcomes in the clinic. Interestingly, the old markers 
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of Ki-67, Bcl-2, and the various caspases might work well in validating if a patient will 

or will not respond to a therapeutic that triggers signaling pathways associated with cell 

survival. Mechanism-based therapies under clinical evaluation in oncology can directly 

induce apoptosis by targeting molecular components of apoptosis regulatory pathways [98]. 

Application of informative, validated biomarkers of apoptosis in clinical trials of anti-cancer 

therapies is therefore urgently required, as noted some time ago [99].

Recent studies using explant tissue samples from patients suggest that low levels of activated 

caspase-3 predict favorable response to 5FU-based chemotherapy in advanced colorectal 

cancer (CRC) [100]. Using tissue microarrays, the authors examined caspase-3 activation 

and individual patient response. Their results demonstrated that caspase-3 activity induces 

cell proliferation in patient tumors, suggesting a yinand-yang effect of caspase-3 in relation 

to 5FU therapy. Further analysis suggested a role for Cox-2 inhibition that could be 

mediated by aspirin [100]. It was concluded that measurement of caspase-3 in the tumor 

or of caspase-3/7 activities in the serum might enable reliable stratification of patients based 

on response, and it might also allow for identification of patients likely to respond poorly 

to 5FU-based therapy [100]. However, it was also concluded that analysis in larger cohorts 

and long-term studies are required to further validate caspase-3 or caspase-3/7 activities as a 

biomarker for early prediction of treatment outcome or disease progression in CRC patients 

[100].

Likewise, Ki-67 expression in breast cancer tissue may be an effective predictive factor of 

response to neoadjuvant chemotherapy [101]. Moreover, Ki-67 was found to be a useful 

predictive factor for pCR, especially in patients with ER-negative and HER2-positive breast 

cancer [101]. Validating pathways associated with pCR is warranted in order to more 

accurately use the neoadjuvant setting for drug approval studies.

CONCLUSION

Moving from the blind approach used in traditional oncology treatment to more targeted 

and personalized therapy will require major adjustment and invention of novel conceptual 

and practical frameworks for testing new drugs. The old paradigm considers patients, who 

have similar chances to respond to treatments, as equals, while the new paradigm considers 

patient heterogeneity a major fact that informs the design of clinical trials. In the new 

paradigm, only patients who carry the biomarker in their cancer will be eligible for the 

planned study, which allows an expectation for high-response rate at an early phase of 

development using smaller trials. Here again, an expectation of response is justified if the 

patients are selected based on the presence of the target. Once safety is documented the 

process should move quickly forward to efficacy studies.

The case for pCR as a clinical end point is unique. The mechanistic basis of pCR lies in 

the interaction between survival and cell-death pathways associated with tumor cell survival/

death decisions. When survival pathways are inhibited and the cells are “pushed” over the 

cliff of apoptosis, complete eradication of cancer cells ensues, which defines pCR. The 

importance of pCR in breast cancer, which is now seen by the FDA as a potential solid 

surrogate endpoint for long-term survival, stems from the fact that it is considered sufficient 
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evidence by the FDA for accelerated approval of new drugs. In our experience, targeting 

TACA associated with survival/apoptotic pathways reinforces apoptotic activity in a way 

that is similar to chemotherapeutics. But not all tumors respond in this way. This suggests 

that old biomarkers, associated with apoptosis, need further understanding and validation as 

predictors of efficacy.
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Fig. (1). 
The initial steps in the clinical development process for a new therapeutic provides a bridge 

between the basic science, originally suggesting that a disease-causing pathway could be 

targeted therapeutically, and the definitive studies that convince regulatory agencies that the 

therapy can beneficially influence outcomes in a patient population.
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Fig. (2). 
An important element of therapeutic development is the use of small trials that are 

underpinned with a deep understanding of tumor molecular pathology that guides trial 

development, along with a strong sense of the therapeutics’ safety profile.
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Fig. (3). 
Summary of the key features of an expectation/management framework that can be used to 

describe a discovery and development project (adapted and used with permission from [13].
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Fig. (4). 
Overall and/or disease-free survival is historically evaluated as the outcome(s) in a 

randomized Phase 3 trial. Traditional trial concepts on the left emphasized population-

based outcomes. Personalized medicine concepts on the right, which are reflective of 

molecular oncology, focus on disease-related outcomes. This latter concept provides a way 

to determine what is driving the growth of cancer in an individual patient and to ultimately 

match the patient with the right targeted therapy.
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Fig. (5). 
(A) Cancers are heterogeneous and dynamic entities. Under host and treatment pressures, 

Darwinian evolution drives these cancers to lose multicellularity traits and develop 

multidrug resistance. Heterogeneity of a tumor cannot be conceived without heterogeneity 

of its host. The interaction of the host and the tumor results in cancer disease. (B) Immune 

heterogeneity is illustrated by the different strategies used by the tumor to achieve immune 

evasion. In well differentiated tumors, immune evasion occurs by shedding unfavorable 

antigens to the tumor (active immune editing), which allows it to “drive under the radar 

screen” of the immune system. At an advanced stage, with the acquisition of genomic 

instability and development of multiple neo-antigens, immune suppression by the tumor 

becomes the main mechanism of immune evasion.
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Fig. (6). 
Integration of mechanism-based rationale for Phase 2 studies. The future of oncologic 

therapeutic development lies in using predictive biomarkers to identify subsets of patients 

who will benefit from particular therapies. Taxanes function through apoptotic pathways 

mediated by focal-adhesion kinase, for example. Tumor cells can be sensitized for more 

efficient killing by taxanes, which in turn can lead to better tumor response. This is 

manifested in increased pCR rates. ER-estrogen receptor; PR’-progesterone receptor; TN-

Triple Negative; CR-complete regression; PR-partial regression.
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