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It has been almost a decade since the US Food 
and Drug Administration (FDA) approved the 
first checkpoint inhibitor (CPI), Bristol Myers 
Squibb’s, YERVOY® (ipilimumab), in 2011. Since 
this initial approval, the number of clinical trials 
involving CPIs and other immuno-oncology 
(I-O) therapies has been exploding as drug 
developers investigate their use in combination 
with chemotherapy, radiotherapy, targeted 
therapies, cancer vaccines, oncolytic viruses, 
immunomodulatory agents and even other 
CPIs. As a result, there are now numerous I-O 
therapies and combinations of therapies under 
study with the goal of improving the rate, depth 
and duration of response in patients, while 
maintaining an acceptable level of toxicity. 

While this combinatorial approach offers promise to patients by 
harnessing additive or complementary efficacy, the sheer number  
of potential therapy combinations and administration approaches  
pose challenges for drug developers. These range from complexity  
in trial design, biomarker selection, competition for patients and  
sites, potential for overlapping or unknown toxicities and commercial 
risks as the standard of care (SOC) is rapidly changing.

Here we highlight the issues that sponsors face in planning and 
executing combination I-O therapy trials and offer considerations  
to ensure that I-O trials are executed efficiently, safely and with  
the highest chance of success.
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The Status of Immuno-
Oncology Development
At this writing, there are 3,876 I-O therapies in the global drug development pipeline—a 91 percent increase  
since 2017.1 Additionally, since 2017, 205 new therapeutic targets have been added to the current landscape of  
468 targets, representing a 78 percent increase. Following approval of CPIs, the programmed-death 1 (PD-1) or 
programmed-death ligand 1 (PD-L1) CPIs began to gain traction. Initially, research focused on trials exploring the 
use of PD-1/PD-L1 checkpoint inhibition as monotherapy or in combination with ipilimumab. As a result,  
PD-1/PD-L1 CPIs now make up a significant portion of approved therapies.

Understanding how CPIs work with other therapies to modulate the immune response is a mainstay of treatment 
strategy. Combinations with conventional cancer therapies as well as with monoclonal antibodies, therapeutic 
vaccines, tumor microenvironment (TME) modulation and adoptive T-cell transfer (i.e., CAR-T) are generating 
encouraging results, and many combinations have now received regulatory approval across a spectrum of solid 
and hematologic malignancies.

Despite these advances, up to 50 percent of all patients with PD-L1 positive tumors show primary or acquired 
resistance to PD-1 or PD-L1 checkpoint blockade.2 Therefore, investigating therapy combinations designed to 
target two or more mechanisms of resistance to immunotherapy is of high interest to drug developers. Some 
combination approaches are designed to overcome primary resistance by triggering or awakening the immune 
system in so-called “cold tumors” by promoting T-cell penetration into the tumor and allowing the CPI to unblock 
the T-cell response. Other strategies aim to prevent acquired resistance by combining therapies to overcome 
compensatory survival pathways that allow the tumor to grow or spread. The presence of somatic mutations or 
neoantigen mutation load has been associated with high response rates to I-O therapy (Figure 1). Tumors with 
high mutation load have generated higher response rates to monotherapy and combination therapy approaches.

Figure 1. The Prevalence of Somatic Mutations Across Human Cancer Types
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Rapidly expanding knowledge of vaccine therapy and adoptive cell transfer, as well as discovery of other 
immune checkpoints such as LAG-3, TIM-3, TIGIT, CD73, provide a growing list of therapeutic approaches.  
The variety of potential I-O combinations is illustrated in this diagram (Figure 2) taken from a recent review  
in Nature Reviews Drug Discovery.

Figure 2. Relative Number of Combination Oncology Therapy Trials
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Unique Clinical Considerations
BIOMARKER SELECTION
Biomarker strategies are essential to enrich trials for success by identifying patients whose 
tumors are most likely to respond to an I-O approach. Major challenges exist in deploying 
biomarker strategy into clinical trials. These challenges include a lack of standardization in 
sample collection timing and analysis platforms, intertumor and interpatient variability in 
biomarker expression, biomarkers that are inducible or are altered following different lines  
of therapy, new and changing technologies and discovery of new biomarkers that result in 
strategies becoming quickly outdated. Trial designs specify collection of samples that are  
unique in their tissue source, timing of tissue collection and sample processing. Despite these 
challenges, several approaches have emerged and are being routinely included in trial designs, 
along with additional exploratory biomarker strategies as outlined below.

THE ROLE OF PD-L1 IHC TESTING
To date, PD-L1 tissue testing is one of two biomarkers designated by regulatory authorities as  
a companion diagnostic for PD-1/PD-L1 therapy. Multiple trials of PD-1 or PD-L1 CPIs have 
included immunohistochemical (IHC) PD-L1 staining of tumor tissue and, for some of these  
trials, varying degrees of positive staining has correlated with treatment response. In certain 
tumor types and in tumors expressing high levels of microsatellite instability (MSI-H) or deficient 
mismatch repair (dMMR) mechanisms, PD-L1 expressions did not consistently confer with 
response to treatment.3 While drug developers and clinicians consider PD-L1 an “imperfect 
biomarker” due to its lack of universal predictive value, utility of PD-L1 expression continues  
to be deployed as an enrichment strategy or stratification factor in trial designs. Other 
exploratory biomarker strategies are often included as well and are discussed below.

THE ROLE OF GENE EXPRESSION PROFILING
Gene expression profile uses microarrays or RNA sequencing to analyze thousands of genes 
(whole transcriptome) in tumor or blood cells to identify a group of genes that are over- or 
under-expressed. These genes may be used to identify a signature that may correlate with 
prognosis, or response to specific cancer therapies. For I-O therapies, genes related to  
immune function regulation such as lymphocyte activation, development and infiltration,  
B- and T-cell receptor signaling and regulation, dendritic cells, macrophages, interferon signaling, 
cell adhesion, migration and apoptosis are commonly included in various gene expression 
signatures. While many of the gene signatures developed to date have correlated with response 
or resistance to various immune therapies, none have generated the necessary scientific and 
statistical rigor to be included as a companion diagnostic for an approved I-O therapy.
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THE ROLE OF TUMOR MUTATION BURDEN  
AND WHOLE EXOME SEQUENCING
Multiple computational platforms have been utilized to interrogate the cancer exome to  
identify neoantigens recognized by CD8+ T-cells. Identification of high diversity of neoantigens  
or high tumor mutation burden (TMB) has consistently been selected for benefit with CPI 
therapy. At the time of this writing, the FDA has granted priority review of data to support 
pembrolizumab as treatment for TMB –high tumors in pediatric and adult patients with 
unresectable or metastatic tumors who have progressed following prior treatment and who 
have no other treatment options. In recent years, targeted gene sequencing panels are 
increasingly replacing whole exome sequencing (WES). If approved, this would be the second 
tumor agnostic approach along with MSI-H or dMMR tumors.

THE ROLE OF THE MICROBIOTA
Researchers have discovered that microbes in the human gut are involved in the development 
and progression of some cancers. The absence of certain gut microbes have correlated to  
poor response to CPIs in preclinical mouse studies and some patients participating in PD-1 or 
PD-L1 CPI clinical trials.4,5 As a result, many trials are collecting stool samples from patients to 
determine if there is a correlation between tumor response to CPIs and the composition of the 
patient’s microbiota.

THE ROLE OF EPIGENETIC SIGNATURES
Epigenetic alternations associated with immune response and evasion to immune cells has been 
well described.6 One specific tumor adaptation has been DNA methlylation-induced repression 
of tumor-specific antigens, which nullifies recognition of these foreign antigens by cytotoxic 
T-cells. Researchers have used transcriptomics to identify specific pharmacoepigenomic7 
signatures that have correlated to response and/or resistance to both PD-1 and CTLA-4 
blockers.8 To date, none of these signatures have been validated but are part of the spectrum  
of exploratory biomarkers being investigated in clinical trials.
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Heightened  
Operational Hurdles

COMPETITION FOR ELIGIBLE  
PATIENTS AND SITES
The number of potential therapies and their various combinations under study have 
dominated the development landscape, creating competition for eligible patients as well 
as for experienced sites/investigators. As marketed I-O drugs continue to be adopted  
as the SOC for first-line treatment, it will become increasingly difficult to find I-O-naive 
patients for studies of second- and third-line treatments. Thus, the feasibility of running 
any trial in a given geography depends upon a product’s intended line of therapy and  
the SOC in the region.

COMPLEX TRIAL DESIGNS
The sheer number of potential therapies, combinations and administration regimens 
precludes testing all options for ethical as well as financial reasons. Determining the  
best development strategy is a demanding exercise that has both clinical and 
commercial implications. The selection of the companion drug, for example, will impact 
trial feasibility, approval success and product marketability.
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An Intense  
Commercial Environment

RACE TO MARKET
Today, the scope and rate of research in the same tumor types and with similar treatment 
combinations is fueling an intense race to market. As a result, companies are, in general, 
assuming more risk in their development programs and advancing their compounds on  
smaller data sets—for example, based on single-arm studies or overlapping development 
phases. Many succeed in launching a compound in multiple tumor types in rapid succession.

THERAPEUTIC OPTIONS
Faced with a complex array of treatment options, clinicians must navigate treatment  
decisions for their patients often with limited differentiation across regimens, conflicting  
data and multiple diagnostic assay decisions. In competitive markets with multiple treatment 
options, it is critical that manufacturers help their customers make informed decisions for 
individual patient treatment approaches. In order to do this, commercial planning should  
start early in development (prior to the initiation of a pivotal trial) to ensure that commercial 
considerations are incorporated into the pivotal trial design, when possible. Early commercial 
analysis can provide guidance related to specific areas of greater unmet need and offer insight 
into specific indications or subpopulations which may disproportionately result in a larger 
commercial opportunity for your regimen. To determine how to differentiate their I-O regimen 
in a crowded market as manufacturers get closer to their anticipated launch (approximately  
18 months prior to launch readiness), detailed market analyses such as landscape assessment, 
patient journey, patient profile identification, claims analysis and healthcare professional 
(HCP) segmentation can be conducted to provide manufacturers with a thorough 
understanding of the market in order to help identify unique opportunities for their regimen.

9
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Recommendations  
to Streamline  
Development and Support 
Commercial Success

Immunotherapy is an inherently complex therapeutic area, and this 
complexity can rise exponentially when therapies are studied in 
combination. Sponsors must be prepared to invest in monitoring 
patients’ response (via analysis of cellular functions and proactive 
medical monitoring), in finding qualified sites and eligible patients 
and in designing studies efficiently that will support approval and 
reimbursement. Below is a top-line list of pointers across these 
broad clinical and operational areas.

PURSUE COMBINATIONS BASED ON THE SCIENCE
Different therapy combinations should be explored based on the results of promising discovery work,  
a solid preclinical model and a proof of concept trial indicating scientific value in the combination.  
Due to competitive pressure, drug developers may not always take the time to invest in preclinical 
testing using reliable models to support clinical trial rationale.
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UNDERSTAND THE PATIENT TREATMENT PATHWAY
Databases derived from patient registries can be used to map the path that patients take as they progress 
through treatment. Understanding which combinations might prove useful necessitates understanding the 
patient treatment journey and how various treatments have performed in real life. Figure 3 is a conceptual 
illustration of how patients can be traced through various treatment regimens. Use of real-world approaches  
is critical in this environment—especially when the number of combination options will undoubtedly increase 
over the coming years. Real-world data also has the added benefit of being able to endorse the clinical results 
and show the product’s true value.

Figure 3. Sankey Diagram of Oncology Patient Flow 

0

20

40

60

80

100

Regimen group
1

8%

49%

72%

5%

3%
9%

6%
5%

3%

84%

9%

12%

5%
3%
4%

12%

5%

11%

4%
5%

27%

44%

2 3 4 5 6 7 8 9

1 2 3 4

P
er

ce
n

t

THINK THROUGH THE COMMERCIAL IMPLICATIONS

Selection of Companion and Comparator Therapies
The choice of products to evaluate in combination and, in some situations, to use as comparators in these 
assessments is not simply a clinical one, but must also include commercial considerations. The rise of 
accelerated approvals has resulted in a rapidly changing competitive landscape, and sponsors must ensure  
they are considering and planning for the market landscape several years down the road. The current SOC 
might, for example, change before the study is completed, rendering the trial outdated before it completes  
or is reported out. In addition, there are instances in which enrollment for a trial comes to a standstill because  
a new treatment has entered the market, thus eclipsing the drug combination under study.
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Sponsors must also consider how the combination choice will impact their existing portfolio. If, for example,  
a company’s existing I-O therapy is not demonstrating its potential as a future SOC, evaluating it in combination 
with a new investigational therapy risks hindering uptake into planned trials and ultimately the success of the 
new therapy. Conversely, how will selecting a competing product as a comparator affect the market potential  
of one’s own product? It is important to balance estimates of the market potential in monotherapy settings 
versus what it might achieve in combination with a competitor.

Incorporating strategic commercial assessments early in clinical development should be used as part of the 
process of label optimization. Best practices involve convening a multidisciplinary team, defining the launch 
environment, identifying the unique evidentiary needs of all key stakeholders (for example, patients, 
oncologists, nurses, payers) and the supportive data required to address their needs and aligning on the critical 
path that includes an evidence generation plan, including the timing and medium of evidence generation.

In addition, real-world research can play a role in rapidly changing markets in that it is possible to use synthetic 
control arms much closer to the end of the trial to give a better comparison against the current SOC. This 
approach has been used widely in I-O, with the core clinical trial being an open-label, single-arm design.

Indication Selection
Deciding which indication(s) to pursue requires thoughtful analysis to determine the optimal indication 
sequencing. There are many metrics that should be evaluated as part of this process covering “commercial 
attractiveness” and “technical feasibility.” Commercial factors to consider include the competitive landscape,  
the potential future unmet needs in the market, time to market, commercial opportunity (revenue potential), 
market access and portfolio synergies. Technical feasibility evaluates elements such as ability to demonstrate 
differentiation over the SOC, feasibility of endpoints or trial design, availability of patients and clinical trial costs.

Based on this analysis, Manufacturers will make trade-off decisions between many of the evaluated elements.  
Manufacturers may find it to be more beneficial to their portfolio to bypass the most obvious tumor type with 
the largest patient population as the first indication and move to an alternative target that may better align with 
their strategic vision offering other benefits beyond the large patient population such as improved speed to 
market, reduced competition, superior pricing potential, higher likelihood of regulatory success or many others.

The Voice of the Patient
The patient’s voice should be reflected in the development process from an early stage. This will ensure that  
the trial design or evidence generation options address how patients view their disease and what success looks 
like to them. It also will provide insights into how to minimize disruption to patients’ quality of life in order to 
facilitate enrollment and retention in a study.
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SEEK REGULATORY INPUT
Currently, the FDA and other regulators require in a submission for product approval that the investigation 
product demonstrate a statistically significant improvement in outcome as compared to the comparator arm. 
When trial arms involve different combinations of products, with only one compound common to both, it can  
be difficult to decipher which therapeutic is responsible for the effect. For example, if the treatments in one arm 
are A + B + C and the treatments in another arm are C + D + F, it is impossible to tell whether it is B, C, D, or F 
that accounts for any difference between the two arms. If regulatory authorities require sponsors to 
demonstrate a differential for a specific product, as opposed to a combination of products, the study would be 
limited in options for trial arms; for example, A + B + C versus A + B + D. This poses a potential for unethical 
treatment arms with combinations that might lack a medical and clinical rationale. Early consultation with 
regulators is key to establishing the evidence requirements. Ideally, in this area, regulators will demonstrate 
more flexibility and less aversion to risk in what data they are willing to accept. Additionally, in the case of 
crossover study designs, while attractive to patients, these can complicate statistical analysis of primary trial 
endpoints of progression-free survival (PFS) and overall survival (OS).

DEPLOY ADAPTIVE TRIAL DESIGNS
One effective approach to dealing with the array of options and the ever-changing SOC is to create a master trial 
protocol, which makes it possible to conduct basket and/or umbrella trials. Within these trials, arms can be 
opened, completed, expanded or terminated, based on findings and on the changing outlook of the future SOC. 
This approach can accommodate a shift in the tumor type explored or a change in the combination of 
treatments under evaluation from one trial phase to the next.

Another adaptive trial design is the Simon 2-Stage design, which minimizes the maximum number of patients 
needed to get an initial outcome of the efficacy of the dose regimen in a certain patient population. After the 
first group of patients has been enrolled, a futility analysis will be performed based on the number of patients 
that responded to the treatment. If equal or more responses are measured than predefined responses, the 
second group of patients will be enrolled to confirm the initial outcome. If less responses are found in the initial 
group of patients, enrollment will be discontinued for that patient population.

BE PREPARED TO PARTNER WITH OTHER DRUG DEVELOPERS
The race to improve oncology treatment will be best served by companies being flexible and open to partnering 
opportunities with manufacturers of other therapies for inclusion in potential therapy combinations. The cost of 
CPIs is such that small biopharmaceutical companies may need to rely on partnerships with larger pharmaceutical 
companies to ensure access to companion therapies. For rare tumors, collaboration among drug developers is 
imperative to ensure scientific advancement of the field. 
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INVEST IN BIOMARKER DISCOVERY
As described earlier, the inclusion of biomarkers as predictors of therapeutic efficacy may be essential in 
determining the appropriate target population. As a result, they are a vital component of the optimization 
strategy for evaluating combination treatments. Initiating evaluation of combinations ad hoc without 
understanding which patients could benefit and what the effects of the combinations might be risks pursuing 
unproductive avenues of research, wasting significant time and money. It may turn out that the combination is 
synergistic, but it could also add no significant benefit over monotherapy. And, in the worst (although not very 
likely) case, one treatment could counteract the benefits of the other.

MONITOR THE IMMUNE SYSTEM OF THE PATIENTS
Peripheral blood can be used to monitor the immune response in each patient. Immune cells and immune cell 
functions are monitored and characterized, quantitatively and/or qualitatively. Immuno-monitoring measures 
variations in immune cell populations and notes the activation and inflammation state of immune cell function. 
This process is useful in:

• Investigating the immunomodulatory capacities of a new drug

• Investigating the immunogenicity of a vaccine

• Searching for predictive biomarkers of efficacy

• Measuring the immuno-safety of a drug

• Identifying resistance to a therapy or a combination of therapies

Immuno-monitoring using peripheral blood and plasma is a direct measure of a cell’s functional response to 
treatment and has the advantage of being minimally invasive. It is important to adopt a cohesive approach  
to these translational studies, working closely with the safety and efficacy evaluations of early-phase clinical 
trials to allow a more robust understanding of patient response.

ANALYZE THE TUMOR’S MICROENVIRONMENT  
AND TUMOR HETEROGENEITY
Solid tumors are complex masses of tissue composed of cancer cells. As microenvironments, they also include 
other types of cells, such as the host’s stromal cells, blood vessels and infiltrated immune cells. Each cell 
population plays a role in influencing the others by interacting either through direct cell-cell contact or by 
secreting chemical signals such as cytokines and chemokines. These cells and chemical signals are responsible 
for processes such as cancer vascularization and progression, tumor metastatic process and immune evasion. 
Tumor heterogeneity can also be studied both in tumor biopsies and in liquid biopsies. Several studies have 
reported the concordance between high tumor mutational burden and response to I-O.9

The discovery of immune-checkpoints such as PD-1/PDL-1 targets and related therapeutic interventions  
has provided deeper insights into the mechanisms used by tumors to escape the immune response. Several 
approaches to restore/enhance the compromised immune system of the host are currently targeted for  
newer I-O drugs and associated with immune-CPIs to increase treatment response.
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Ideally, the study of the tumor’s microenvironment and tumor heterogeneity is conducted in concert with 
immuno-monitoring, although it is, of course, not always possible to sample tumor biopsies. The number  
and type of immune cells present in the tumor are indicative of how effective the immunotherapy may be  
and thus can be used to stratify the patient population and identify those patients who will respond optimally.

It is important to note that a tumor and its microenvironment can change over the course of a disease;  
the molecular targets that are present most likely will be quite different in primary disease versus recurrent 
disease. Therefore, repetition of this analysis should be considered in subsequent lines of therapy.

TME is assessed by multiplex IHC and transcriptomics on tumor biopsies. Tumor heterogeneity is evaluated  
by exome or targeted panel sequencing in tumor biopsies.

RELY ON PROACTIVE MEDICAL MONITORING
The risk of a patient experiencing overlapping toxicities when two or more compounds are used in combination 
demands extraordinary vigilance in patient monitoring. Medical monitors must carefully review preclinical  
data and the protocol to define all of the known adverse events per body system, as well as the potential 
mechanisms of any drug interactions. This assessment should be a “living document,” updated as more 
information becomes available. Medical monitors must also maintain regular communications with principle 
investigators, in addition to holding periodic safety meetings to understand the safety profile of the drug(s) 
being tested. When imaging, laboratory tests or other tests (i.e., ECG) are able to detect early signs of toxicity, 
sponsors will need to reinforce the need for investigators to check lab results prior to each medication 
administration. Study protocols should define clear entry criteria and rules for dose modifications and delays. 
This applies in particular to immune-related adverse events (iAEs).

Tumor response patterns seen with immunotherapy treatments are unique and can show a clinical response 
after an initial increase in tumor burden (pseudo-progression). Sponsors and investigators should be aware of 
such possible responses and proper recognition and management of these situations should be clearly defined 
in the protocol. Protocols examining I-O therapies should include utilization of immune-related adverse events 
(iRECIST) and iAE definitions in the protocols, along with standard response or adverse criteria.
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EXPAND THE TRIAL FOOTPRINT
The competition for patients and experienced sites may mean that sponsors will need to be willing to work  
with sites that have less experience in I-O trials and open up new countries to expand the available patient 
population. It is important to “bring inexperienced sites along” by providing them with additional training, 
especially around iRECIST and even possibly by providing extra funding to support site staff with more intense 
safety oversight and documentation requirements.

A number of regions—specifically Latin America, Eastern Europe, the Middle East and Asia Pacific—may offer 
access to available patient populations with specific ethnicities. However, the suitability of any given region 
depends on the current SOC in the area, as this will dictate how eager patients are to participate, their eligibility 
and the most suitable comparator. For instance, in Latin America and Asia Pacific, I-O therapies are not yet  
the SOC, so patients are treatment naive and eager to participate. These regions are ideally suited for inclusion 
in trials of potential first-line treatments; conversely, they are unsuitable for exploring second-, third-, and 
fourth-line therapies.

FIND A MARKET NICHE
Given the array of competitors in the market, differentiating an I-O therapy or combination therapy for a 
particular subset of patients or for a specific physician profile will be key to commercial success. It is important 
to understand the unmet needs in the market compared to the product’s target profile to define the 
intersection of the two based on the HCP’s attitudes and behavioral actions. After launch, real-world research 
approaches can also be used to determine additional opportunities for the product.
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Conclusion
The success of CPIs in the clinic and the promise  
of other immunotherapies either alone or in combination hold 
promise to improve response rates and duration of response for 
patients. Due to the infinite number of potential therapeutic 
combinations and the vast numbers of clinical trials exploring  
these combinations, the I-O space has become very crowded and 
competitive. To be successful, sponsors must be strategic in trial 
design and execution. Trials that are designed based on sound 
translational and clinical parameters, stay abreast of new 
technologies aimed at identifying biomarkers that may predict 
response, consider the commercial environment and involve 
frequent consultation with regulators have the best chance for 
success. Additionally, sponsors must constantly stay up to speed 
with the competitive trial landscape and treatment market, and be 
prepared to adopt new approaches and partnerships throughout 
the drug development life cycle.
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