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Abstract

This working paper describes a targeted landscape review conducted to identify metrics to measure the
status and performance of the oncology ecosystem. This builds on previous work characterizing the health
ecosystem across several domains and aims to test the utility and application of those domains in the
oncology context both as an output and to inform wider learning on ecosystem structure and effectiveness.
The work was conducted to support the Milken Institute to measure the oncology ecosystem, as part of its
wider project to develop a scorecard to measure the performance of the healthcare ecosystem. The work is
likely to be of interest to research funders and evaluators, particularly those looking to develop indicators of
ecosystem performance, or those interested in evaluation at a system level.
This study was conducted by RAND Europe. RAND Europe is a not-for-profit research organisation that
helps to improve policy and decision making through research and analysis. 1
For further information on this document or on RAND Europe please contact:
Dr Susan Guthrie
RAND Europe
Westbrook Centre, Milton Road
Cambridge CB4 1YG
United Kingdom
Telephone: +44 (1223) 353 329
Email: sguthrie@randeurope.org
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1. Introduction

1.1. The challenge
The health ecosystem landscape is complex and multifaceted. There are a wide range of actors, each with
their own needs, challenges, and drivers. Across these actors, there are complex networks of interaction
spanning the end-to-end healthcare system, which can lead to innovations progressing from concept to care.
However, given their complexity, these processes of interaction and innovation progress are not always well
understood, and are typically not effectively optimized to deliver the best new innovations to improve
outcomes for patients.
To better understand and conceptualize this complex landscape – and help to measure and navigate that
space to promote learning and drive effectiveness – the Milken Institute is conducting a program of work
aiming to develop a common language and approach to discussing these issues. In the first phase of work,
the Milken Institute developed a framework that conceptualizes the healthcare ecosystem as a series of
“domains.” These domains are summarized in Figure 1.1, with each domain depicted in a hexagon. This
depiction is intended to evoke these domains being part of a hive-like structure of a complex ecosystem.
This is a deliberately partial depiction of the ecosystem. As our understanding of the ecosystem deepens,
this depiction can be potentially expanded to include subdomains and additional layers of actors and activity
within the ecosystem.
The purpose of this conceptual framework is to provide a structured way of analyzing and discussing the
elements of the ecosystem that need to work effectively to deliver optimal benefits to patients from
innovation in health. It is worth stressing that this is a necessary but not a sufficient condition for patient
benefit. Even with effective performance across all these domains, there may still be challenges in improving
patients’ lives, but without good performance across these domains, the likely barriers and hurdles to
overcome will be greater. These domains were developed by the Milken Institute in collaboration with a
working group at a workshop held in July 2019, building on a prior “landscape review” by RAND Europe
(Deshpande et al. 2019).

1

Figure 1.1 The ecosystem domains

Source: RAND Europe illustration of the outcomes of the working group workshop organized by the Milken Institute in July 2019
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1.2. Applying the framework to oncology
The purpose of this study is to practically implement these ecosystem domains in the field of oncology,
using the framework structure to develop potential metrics to assess the extent to which an effective, learning
healthcare system exists in oncology. Taking an end-to-end health system perspective, the work consisted
of a targeted review of the literature on oncology research and care and its measurement, supplemented by
expert interviews, to explore the challenges in the field and how performance can be measured – overall,
and specifically in relation to the domains. The review focuses primarily on USA-relevant metrics and
datasets but draws on wider international examples in some cases where these offer new insights. This
thinking was then refined in collaboration with the Milken Institute’s working group at a workshop on 24
February 2020. More detail on the methods used can be found in Annex A.
The remainder of this report sets out our approach to identifying and shortlisting metrics (Chapter 2), the
metrics identified across domains (Chapter 3), a summary of the workshop discussion (Chapter 4), and our
overall analysis of the challenges and opportunities of applying this model to assess oncology ecosystem
performance in the USA and other countries (Chapter 5).
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2. Identifying and shortlisting metrics

Oncology health systems are broad, complex, and well-studied. Through interviews and review of the
literature, we were able to identify a large selection of indicators – whether theoretical or practically
implemented – that can be used to analyze elements of the system from different perspectives. This means
that the process by which indicators are refined and selected is important in the development of an effective
and holistic indicator dashboard.
Our selection of shortlisted indicators is based on the interests of this specific piece of work and tailored to
the priorities of the Milken Institute. The best selection of indicators for other purposes and users may be
different. However, the process of shortlisting from a wider set of metrics can be applied across purposes
and contexts. This can be summarized as three steps, as illustrated in the flow diagram in Figure 2.1. Each
of these steps is described in detail below.
Figure 2.1 From the longlist to the shortlist – flow diagram

Develop and
refine the
longlist

• Review definitions and
placement of metrics
• Review for completeness
and address gaps

• Score metrics red/amber/green
for relevance and feasibility
• Structure into metrics for 'now'
and for the 'future'

Score the
metrics

Classify the
metrics into
subdomains
Source: RAND Europe

5

• Group metrics into
clusters to define
subdomains

RAND Europe

2.1. Step 1: Developing and refining the longlist
The first step was to develop a longlist of indicators through a review of the literature and expert interviews.
The metrics identified, their source, and any notes and caveats were captured in an Excel spreadsheet, by
domain. These metrics were then reviewed and discussed in a team workshop. The discussion covered:
•

Fit of the metrics to the domain, and reassignment where appropriate

•

Clarity and precision of the definition of the indicators, and refinement where appropriate

•

Identification of gaps and discussion of possible ways to address these

Following this discussion, the indicators were further refined and revised to produce a finalized list for
review and shortlisting.

2.2. Step 2: Scoring the metrics
The second step was to score each metric individually against two criteria:
•

Relevance to the domain and to the interests of the Milken Institute

•

Feasibility of data collection and analysis

We scored each metric for its relevance and feasibility using a RAG (red/amber/green) scale. The definitions
used for each level are summarized in Figure 2.2.

Relevance

Figure 2.2 Scoring criteria

Red

Amber

Green

This metric is not very

This metric has some relevance

This metric is highly

relevant for the proposed

for the proposed domain but is

relevant for the proposed

domain

outside of the Milken Institute’s

domain and the aims of

core interests or is not central to

the Milken Institute

the assessment of ecosystem

Feasibility

performance
This metric is not supported

This metric is not fully supported

This metric is supported

by an existing dataset, and

by an existing dataset but could

by an existing dataset

it would not be

be wholly or partly measured by

and thus it is highly

straightforward to collect the

updating or combining current

feasible to use this metric

data required to measure it

datasets or easily collected

as part of a scorecard

(significant and complex

through relatively straightforward

new data collection

data collection methods

required, or
complex/expensive
methods)
Source: RAND Europe
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We then used these scores to identify priority metrics to implement “now” and priority metrics to develop
for the “future,” as illustrated in Figure 2.3 – which, together, complete our shortlist of indicators.
Figure 2.3 Prioritization framework

Source: RAND Europe

2.3. Step 3: Classifying the metrics into subdomains
The final stage of the analysis was to group the metrics identified into subdomains. This was an empirical
exercise, which involved analyzing and clustering the metrics identified to provide a picture of the key areas
or aspects of each domain covered by our indicator set. This allowed us to understand what we are measuring
in each domain and the extent to which existing metrics address each of these subdomain areas. It also
allowed us to consider the completeness of the indicator set, by reflecting on whether the subdomains
adequately reflect the range of issues of interest within each domain. The subdomains within each domain
are presented in Chapter 3.
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3. Oncology metrics across the domains

This chapter sets out the subdomains identified for each domain and the types of metrics available to
measure performance, and it provides a summary of the metrics included in our shortlist. A more detailed
description of each metric identified through analysis of the literature is provided in Annex B.

3.1. Capacity
Capacity

Capacity of a system allows for sustainability and creativity through sufficient
resources, including sufficient and well-directed funding and a trained,
diverse workforce to ensure a diversity of thought to drive innovation.

Source: RAND Europe, based on the outcomes of the working group workshop organized by the Milken Institute in
July 2019

We identified indicators for various aspects of capacity in the literature, which include measuring such
aspects as funding, infrastructure, supply, and demand. Although demand is not in itself a measure of
capacity, it is critical to the understanding and contextualization of capacity metrics. Capacity is only
relevant in the context of the extent to which the system requires that level of capacity. Demand for oncology
care in the USA is projected to increase in the next 10 years, primarily as a result of the aging of the
population (Levit et al. 2010). The average age of the general population and the number of people aged
over 65 are indicators of demand, as they can be used to project cancer incidence rates. This is because the
incidence of cancer is far higher among over-65s than among individuals younger than 65 (Levit et al.
2010). Cancer survival rates are an indicator for the demand for care, as an improvement in the rates would
lead to an increase in the total number of cancer patients. One important measure of the ability of the
ecosystem to cope with the increasing demand for cancer care is the size and capacity of the workforce. A
common metric for workforce capacity is workforce shortages and vacancy rates. The average age of the
workforce could give an indication of how many people are expected to retire each year. The number of
appointments that oncologists receive each year is an indicator of the supply, while the number of
appointments requested indicates demand.
The size of the oncology workforce is a metric for the capacity of the ecosystem (Kirkwood et al. 2013).
Data in national databases on the number of oncologists within a country can be used as an indicator of the
supply of oncology care. Data on the number of oncologists currently in training can be used to predict the
future size of the workforce and hence the capacity of the ecosystem to meet demand. Data on new cancer
cases and data on cancer survival rates could be used to measure and predict the demand for oncology care.

9
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The performance and capacity of oncology practices can be evaluated using the US National Practice
Benchmark (NPB) framework for oncology (Balch, Ogle, and Senese 2016). The building blocks of the
metrics and graphics presented in the paper are full-time equivalent 2 (FTE) physicians; total work relative
value units 3 (wRVUs); number of new patients; number of patient visits; cost of goods paid for (COGPF),
also known as cost of drugs; and total drug revenue. Until recently, data on these metrics were submitted
by practices in the USA every year as part of the NPB, which is a USA-wide survey of oncology practice.
However, there has been no published update of this dataset since 2017.
In addition to capturing the supply and demand of oncology care, capacity also captures research and
development. There is some literature on the allocation of research funding in oncology, but research
funding is not explicitly identified as an indicator for innovation (Maruthappu et al. 2017). Oncology
research can be measured by looking at the number of research investments made and their financial value.
To better understand how funding is allocated, Maruthappu et al. (2017) calculate the ratio of research
funding to the disease burden of various cancers, using disability-adjusted life years (DALYs), years lived
with disability (YLDs), and mortality rates. An additional measure found in the literature is the percentage
of the budget of cancer centers and hospitals that is allocated to cancer research funding (Greenberg et al.
2005).
Box 1 Capacity in the delivery of oncology healthcare
Capacity within oncology healthcare delivery needs to span a range of activities, including prevention and
screening, diagnosis and acute treatment, and long-term follow-up and end-of-life care. In turn, this requires
building a pipeline of clinicians who provide care, including physicians; advanced practice nurses; physician
assistants; and other key individuals, such as researchers in basic and applied settings and stakeholders
involved in the administrative burden of the healthcare. Because of the rising number of cancer survivors and
rising costs of cancer and survivor care in the USA, mitigating any existing or potential shortages in the
availability of qualified clinicians becomes more important than it used to be.
For a highly functional, end-to-end oncology care journey, these clinicians need to be trained in primary care,
surgery, medical oncology, radiation oncology, nursing, palliative care, psychology, or other disciplines
(including health technology administration). However, due to the decentralized nature of healthcare delivery
in the USA, a high degree of variability exists in outcomes such as patient engagement and coordinated
patient care delivery (which depend on the aforementioned pipeline).
Sources: Brooks, Hoverman, and Colla (2017); Geiger et al. (2016); Alfano et al. (2019)

Clinical research has been described as “the bedrock of progress against cancer” (Dizon et al. 2016). A key
enabler for clinical research is research funding, which often comes from government bodies (Dizon et al.
2016). However, making a direct link between health research funding and implementation of new

2

Number of staff, adjusted for part-time work to give an equivalent measure of full-time staffing capacity

wRVUs are a measure of productivity that measure the amount of completed work conducted, taking into account
provided time, skill, and effort.

3
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treatments or technologies may not be feasible based on current datasets, as evidenced by a systematic review
of the literature (Gomez and Stavropoulou 2019).
Bringing this together, we identify three subdomains relevant to capacity, as summarized in Figure 3.1
below: Capacity of the oncology care workforce; Financial and infrastructure capacity; and Research
investment.
Figure 3.1 Capacity subdomains

Source: RAND Europe

These are captured through a set of 21 shortlisted metrics spanning the subdomains summarized in Table
3.1. There are several important observations here. First, we have only identified metrics for research
investment that can be developed and applied in the future, rather than any that can be implemented now.
Second, most of the identified metrics relate to the capacity of the oncology care workforce. Although this
picture is relatively comprehensive – and indeed crucial to the effective operation of the ecosystem – these
metrics are likely to be less effective at capturing the ability of the care delivery workforce to adopt and
implement innovations, sometimes referred to as “absorptive capacity.” Although the metrics identified here
provide a useful shortlist, more thought may be needed on whether there may be scope to develop new and
novel indicators, beyond what is currently described or used in the literature and in practice. Important
gaps to be considered include metrics to capture the capacity of oncology care staff to engage with and adopt
new innovations and indicators on capacity of policy and regulatory organizations to oversee approvals of
new innovations.
It is also worth highlighting key overlaps with other domains. First, although this domain captures the
capacity of different elements of the ecosystem, these do not operate in isolation, so it is important to set
this in the context of the relationships and connections among groups, which is captured under
Collaboration and transparency. Second, we note that, although academic and public Research investment
in oncology is captured here, this subdomain could also fit under Market environment. Finally, we also
note some overlaps between Capacity indicators and Efficiency. The capacity of oncologists to deliver care,
for example, is also relevant to the efficiency with which care is delivered, so there is some duplication of
indicators between these two categories, although their use and interpretation may differ across these two
contexts.
11
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Table 3.1 Capacity indicators
Subdomain

Indicator

Timeline

Capacity of oncology care
workforce

Full-time equivalent (FTE) physicians

Now

Workforce shortages
Age of workforce
Average age of general population and number of people aged
over 65
Number of oncologists
Number of new entrants in oncology
National cancer incidence and prevalence estimates

Financial and infrastructure
capacity

Cost of goods paid for (COGPF; also known as cost of drugs)

Capacity of oncology care
workforce

Total work relative value units (wRVUs)

Total drug revenue
Future

Number of new patients
Number of patient visits
Demand for oncologist visits
Oncologists' visit capacity
Capacity of oncology care providers to provide psychosocial
support 4
Number of oncology practices in comparison with other practices

Research investment

Number of research investments by academic institutions
Financial value of research investments by academic institutions
Research investment relative to disease burden as measured by
mortality, DALYs, and YLDs
Amount of cancer research funding
Number of active oncology researchers

Source: RAND Europe

3.2. Market environment
Market

A healthy market environment creates a fuel source for biomedical innovation

Environment

from diverse (capital) sources that drives research and innovation (R&I) of
new products for patients.

Source: RAND Europe, based on the outcomes of the working group workshop organized by the Milken Institute in
July 2019

Market environment refers to the source of innovation across the different stakeholders, covering R&I of
new products, from basic scientific research to delivery to patients. It traverses healthcare delivery across the
cancer care continuum (see Figure 3.2) and is a highly relevant domain to translate the oncology-specific
indicators to a broader, healthcare-system level.

4

The metric used was the Cancer Psychosocial Care Matrix (CPCM) from the National Cancer Institute (NCI).
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Figure 3.2 Cancer care continuum

Source: RAND Europe, based on Yabroff et al. (2019)

Since the Market environment domain oversees a wide spectrum of activities and outcomes in the oncology
ecosystem, it overlaps with several other domains, such as Capacity, Innovation and productivity, and
Equitable access and use. To minimize overlap, while examining the literature and identifying the
indicators, we focused on assessing the market environment at a higher level, namely, of understanding the
ecosystem performance. The focus was on distribution of supply of and demand for oncology services, as
well as presenting a clear picture of the financial risks associated with the provision of drug therapies to
patients with cancer (Barr and Towle 2016).
The available evidence on Market environment appears to be primarily innovation-centric, whereby a focus
on the drug discovery and approval process within established, high-income countries is used to understand
the “health” of the market environment (Liu, Thomas, and Felder 2019). Such an innovation centric
perspective also includes consideration to funding for biotech innovator start-ups, particularly in emerging
markets (for example, Chakma, Sammut, and Agrawal (2013)). The role of collaboration within basic and
applied R&I and development of innovation networks in the pharmaceutical industry is also used to
characterize the market environment in relation to oncology (Gay 2008). Differences between the USA,
Europe, and China in relation to oncology drug discovery, approval, and availability also appear to form a
part of how key indicators of the market environment (in terms of drug costs, pricing, affordability, and
market uptake) are identified (Mitka 2012; Renwick et al. 2016). In particular, the processes around access
to drugs, decision making on cost of drugs, and restricting access to drugs not considered cost-effective vary
significantly between the USA and Europe (Mitka 2012). Indicators of that market environment that
measure market size or the scope of market activity are thus likely to provide significantly different results
depending on market structure and the extent to which regional and national governments take an active
role in the oncology ecosystem.
Since the Market environment domain covers a broad spectrum of processes and outcomes within oncology,
the use of oncology pathways (Polite, Page, and Nabhan 2016) offers a way to understand specific outcomes
in terms of measuring actual therapeutic benefits and survival rates in relation to oncology. When
considered in conjunction with the potential breakdowns in the cancer care continuum (see Figure 3.3),
the pathways could enable a better understanding of the gaps in the market environment and of specific
challenges inhibiting integration of innovation in the end-to-end patient journey. 5

Figure 3.3 refers to palliative care. According to the World Health Organization (WHO), palliative care is an
approach that improves the quality of life of patients and their families facing the problem associated with lifethreatening illness, through the prevention and relief of suffering by means of early identification and impeccable
assessment and treatment of pain and other problems, physical, psychosocial, and spiritual. See
https://www.who.int/cancer/palliative/definition/en/ (accessed 25 March 2020) for more information.

5
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Figure 3.3 Potential breakdowns in coordination of healthcare across the cancer care continuum

Source: RAND Europe, based on Yabroff et al. (2019)
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However, although the value to different stakeholders as part of oncology pathways is argued as a key
indicator of market environment by Nabhan, Phillips, and Feinberg (2019) and Polite, Page, and Nabhan
(2016), the extent to which “value” could be consistently measured through available datasets is not clear.
In such a context, the most in-depth dataset for oncology-related market environment metrics identified
appears to be the NPB for oncology (Barr and Towle 2012; Towle, Barr, and Senese 2013) and the State
of Cancer Care in America survey conducted by ASCO (American Society of Clinical Oncology 2015;
2016; 2017). The other methods for collecting the data appear to be industry benchmarks in terms of drug
approvals access and pricing information available through the US Food & Drug Administration (FDA)
authority; claims data for oncology-related care and services (Kamel Boulos et al. 2011); and patent data for
oncology-related drugs (Braun et al. 2010). Patient satisfaction and perceptions of value of the ecosystem
to various stakeholders (including patients, healthcare providers, and clinical staff) appear to be collected
from surveys (Nabhan, Phillips, and Feinberg 2019). The extent to which data collected from surveys
reflects the opinions of the participants, instead of providing assessments in terms of actual quality of care
or costs of access to oncology-specific healthcare, is also a key consideration when using the metrics to assess
the strengths and weaknesses of the ecosystem.
By its very definition, the Market environment domain covers the entire spectrum of processes and
outcomes within oncology and overlaps with other domains, such as Capacity and Efficiency. In particular,
metrics pertaining to access and affordability of drugs could be included in both the Efficiency and the
Market environment domains. Similarly, metrics pertaining to level of research outputs (publications or
patents); availability of resources, whether related to research staff, physicians, and administrative workers
engaged in oncology; availability of oncology-specific infrastructure in the clinical trials and drug approval
process could be included in both the Capacity and the Market environment domains. Also notable is the
significant overlap between this domain and Innovation and productivity. We have tried to focus in this
domain on the environment and context in which innovators are operating – particularly in terms of the
resources available – whereas in Innovation and productivity, we focus on the actions of innovators and
their outputs. However, there is inevitably still some overlap. Finally, we have included some indicators
around market networks in this domain, since they are key to understanding the environment within the
market. However, these could equally well fit under Collaboration and transparency.
Box 2 The role of market environment in oncology healthcare delivery
Historically, healthcare in the USA, particularly in relation to oncology healthcare, used a fee-for-service
model, which reimbursed providers for each service delivered to patients. To improve the end-to-end patient
journey and the quality of care provided to patients, market-driven mechanisms for reducing or maintaining
costs of care have been emerging. These mechanisms emphasize the role of evidence-based treatment options
that enable variations based on the type of cancer, stage of cancer development/progression, and other
relevant cancer characteristics. Although the payment models for these market-driven mechanisms (for
example, pay-for-performance, episode-based payments, and bundled payments) differ significantly from
traditional fee-for-service models, nearly all of them draw on prior evaluations of cost-effectiveness of specific
health interventions. These approaches also aim to incorporate analysis and understanding of social
determinants of disease, such as income inequality, disproportionate access to education and healthcare,
and discrimination.
Source: Alfano et al. (2019); Yabroff et al. (2019)
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Although the currently identified set of indicators aims to cover a broad spectrum of market environment
activity, from R&I to drug approval and access, there are some limitations in terms of completeness of the
indicator set. The extent to which data pertaining to pharmaceutical industry collaboration and network,
and the centrality of oncology-specific outcomes in such networks of collaboration can be established
effectively is not sufficiently clear from the available literature (Gay 2008). Similarly, in terms of currently
available data on venture capital investment in biotechnology developments, the extent to which it can be
used to understand oncology-specific R&I is unclear (Chakma, Sammut, and Agrawal 2013). This is likely
to be crucial when the growth of biosimilar oncology drug development in China and the perceived lower
costs of such drugs compared with traditionally manufactured drugs is considered (Liu, Thomas, and Felder
2019; Renwick et al. 2016).
The main gap in the evidence base we covered appears to be the lack of metrics on the public policy activities
within the market environment, for example, metrics on smoking cessation or advertising restrictions.
Raising public awareness was also highlighted as part of the internal workshop. Although highly relevant in
understanding the market environment, indicators for such policy activities and policy outcomes may not
be effectively measurable using currently available datasets.
Bringing these arguments together, we identify five subdomains within the Market environment domain,
as depicted in Figure 3.4: Innovative capacity and activity; Activity of the policy environment; Market size
and costs; Pace of oncology R&I; and Scope of market networks.
Figure 3.4 Market environment subdomains

Source: RAND Europe

Across these five subdomains, we have identified a set of 46 metrics, as shown in Table 3.2. Among this is
a relatively large selection of metrics, the majority are “future” metrics rather than indicators that can be
readily applied “now.” It is particularly notable that majority of the “off-the-shelf” metrics are in two
subdomains – Market size and costs and Pace of oncology R&I – and that across these two domains the
“now” metrics largely relate to drug costs and approvals data. More nuanced analyses around value and
uptake sit within the “future” indicators bracket.
In terms of gaps, we note the limited availability of metrics around the policy environment and its
interaction with the market. This may be an area that merits further reflection. Indicators related to
innovative capacity and activity are primarily in the future metrics domain. This is in large part because,
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although relevant data is available, it may need to be purchased and/or require additional analysis to identify
oncology-specific elements of the datasets. For example, patent data is readily available, either through freeto-access sources, such as the US Patent and Technology Office’s (US PTO) patent database PatFT or
Google Patents, or through big data providers, such as Clarivate or Digital Science, from whom it can be
purchased in a categorized and readily analyzable format. However, in either case, there is work required.
In the case of the free-to-access data, significant work needs to be done to interpret and analyze the evidence
in order to identify oncology-relevant activity. In the case of the commercial data, work must be done to
obtain funding to purchase the relevant datasets.
Table 3.2 Market environment indicators
Subdomain

Indicator

Timeline

Pace of oncology R&I

Number of drugs in the market

Now

Number of NME approvals

Market size and costs

Number of biology approvals
Number of drugs approved through accelerated regulatory
pathways
Oncology drug prices
Cost per prescription for oncology drug
Pricing of approved biosimilar drugs
Total medical revenue
Total drug revenue
Cost of drugs

Innovative capacity and
activity
Pace of oncology R&I

Innovative capacity and
activity

Reimbursement general/reimbursement for participation in clinical
trials
Orphan drugs developed per year
Number of drugs in combination trials
Number or type of accelerated regulatory pathways available
Rate of orphaned drug development (i.e. drugs that did not reach
the market) across various stages of the process
Annual venture capital (VC) investment
Biotech firm formation levels
Patent-filing activity
FDI flows by multinational corporation (MNC) pharma firms in
different markets (developed/emerging)
Government investment or funding allocation to different parts of
the oncology ecosystem (including research, drug development,
drug approval, or translational research)
Research-active medical staff in oncology practice

Scope of market networks

Mobility between oncology-related sectors (e.g. academia,
industry, clinical practice, regulatory)
Research-active medical staff in oncology practice

Market size and costs

Mobility between oncology-related sectors (e.g. academia,
industry, clinical practice, regulatory)
Healthcare expenditure on oncology in the USA
Value to payers
Value to manufacturers
Value to providers
Patients' co-insurance rate per drug
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Subdomain

Indicator

Timeline

Market size and costs

Access to drugs that are not considered clinically effective or costeffective
Affordability of drugs that are considered to be cost-effective

Future

Market uptake of approved biosimilar drugs
Cost of oncology care treatment
Prescription rates for cancer care pathways specified by the insurer
Total practice expense per full-time equivalent (FTE)
hematology/oncology (HemOnc) physician
Total practice expense less cost of goods paid for per full-time
equivalent (FTE) hematology/oncology (HemOnc) physician
Total operating expense per full-time equivalent (FTE)
hematology/oncology (HemOnc) physician
Total revenue per full-time equivalent (FTE) hematology/oncology
(HemOnc) physician
Total medical revenue per full-time equivalent (FTE) physician
Total medical revenue per full-time equivalent (FTE) staff

Activity of the policy
environment

Total medical revenue less radiation oncology revenue per full-time
equivalent (FTE) hematology/oncology (HemOnc) physician
Drug revenue per full-time equivalent (FTE) hematology/oncology
(HemOnc) physician
Total revenue per established patient visit (office and hospital;
practices)
Annual compensation per full-time equivalent (FTE) nonphysician
practitioner
Number of cancer awareness campaigns issued by national health
authority
Number of active policy measures/guidances on smoking
cessation/ban/restrictions

Source: RAND Europe

3.3. Collaboration and transparency
Collaboration &
transparency

Collaboration and transparency allows patients to make better informed
decisions, reduces wasted R&I time and effort, and makes it easier to
identify challenges and modify the system as needed.

Source: RAND Europe, based on the outcomes of the working group workshop organized by the Milken Institute in
July 2019

Collaboration is defined as “linkages and partnerships that are established among different service delivery
systems, networks, and providers to enable effective planning and the implementation of a high-quality
integrated service” (Bradley et al. 2013). The literature suggests that collaboration, transparency and data
sharing can improve the diagnosis and treatment of cancer in multiple ways by supporting more extensive
use of datasets, sharing of knowledge and learning, and capitalizing on the knowledge and human capacity
within the ecosystem.
One example of this is precision medicine, which refers to personalized care based on molecular
characteristics (Rodriguez and Pennington 2018). Precision medicine is the integration of several layers of
molecular information with clinical and family histories to better determine a person’s predisposition to
disease and to provide a more coherent and individualized approach to healthcare. The open sharing and
integration of genomic and proteomic data may be one missing link to help make precision oncology more
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effective. Precision medicine presents the opportunity to improve patients’ quality of life and, ultimately,
find cures for cancer and other life-threatening diseases (Rodriguez and Pennington 2018).
The data obtained and shared in clinical trials is crucial for the oncology ecosystem (Bertagnolli et al. 2017).
An example of an active open-source data-sharing model is Project Data Sphere (PDS). Anyone interested
in cancer research can use its website, which contains data from more than 41,000 research participants
from 72 oncology trials. The data-sharing community is growing, as the advantages of this practice have
been realized by stakeholders. Transparency and reproducibility of clinical trial data has been said to be
crucial for the effectiveness of the ecosystem (Baker et al. 2010). Lack of complete publication of all results
(including unsuccessful trials) and lack of trial registration has been a challenge in the past. Learning from
this, there have been multiple initiatives to make more information available. The commitments of
pharmaceutical companies to share clinical trial data is a measure of the transparency of the ecosystem
(Loder 2013). Going beyond clinical trials, data mining and machine learning methods can be employed
to develop predictive models using routinely collected data (Roelofs et al. 2014). The need for such
techniques arises from the fact that a very small proportion of cancer patients take part in clinical trials.
Given the importance of data sharing, the percentage of hospitals submitting all required data on cancer
diagnosis and treatment on time is a valuable indicator (Greenberg et al. 2005).
Academic partnerships and collaboration among researchers are valuable for the oncology ecosystem, as they
enable the testing of interventions that can prevent or detect cancers in large populations of healthy or atrisk individuals over extended periods of time (Mckinney, Weiner, and Carpenter 2006).
Box 3 The need for collaboration and transparency in ensuring effective oncology healthcare
delivery
Due to the decentralized structure of public and private healthcare delivery in the USA, electronic health
record interoperability is currently not well established. This poses significant challenges when collaboration
between clinicians and transparency of communication between clinicians and patients is considered.
Due to the fragmentation in the healthcare delivery approaches and the role of insurance-based healthcare
provision, a dichotomy in the shape of formal and informal relationships between the clinical practices
(including individual primary care physicians and oncologists) can be discerned in the USA. For oncology
practices that rely on formal relationships, there appears to be an emphasis on establishing a health system
infrastructure focusing on effective transfer of patient information and timely referral. For oncology practices
that rely on informal relationships, shared commitments, trust, and rapport between primary care physicians
and oncologists appeared to be key. Underlining the challenges of electronic health record interoperability,
the relationships between individual primary care physicians and oncologists appear to be have been more
informal than formal.
Source: Geiger et al. (2016); Tsui et al. (2019)

Beyond this, we note the importance of “spanning boundaries” in supporting the translation of innovation
in oncology (Guthrie et al. 2016). With this in mind, engagement of different groups in research activities
– clinicians and patients – as well as collaboration between industry and academia are likely to be effective
in supporting and promoting innovation translation. The extent to which patient engagement and
involvement in research is meaningful and effective is also variable. Some efforts in this area can be
tokenistic; to drive effective and patient-oriented research, this engagement should extend beyond such
limited approaches to include full involvement, from study design to publication and dissemination, with
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adequate recognition for research participation reflected in, for example, co-authorship on publications
(Sacristán et al. 2016).
Bringing these together, we identify six subdomains relevant to Collaboration and transparency, as
summarized in Figure 3.5 below: Clinician engagement in research; Collaboration in care delivery;
Generating and sharing data; Industry collaboration; Patient engagement; and Overarching network
measures.
Figure 3.5 Collaboration and transparency subdomains

Source: RAND Europe

These are captured through a set of 21 shortlisted metrics spanning the subdomains summarized in Table
3.3. We note several points here. First, there are a limited number of metrics around collaboration in care
delivery. This is in large part because this was not a key focus of our analysis. The analysis was primarily
aimed at identifying cross-sector collaboration and interaction, or collaboration to promote innovation
rather than to improve care coordination. Therefore, although we have captured some metrics in this space,
this is likely incomplete. Second, we note that the evidence on data sharing and data generation are mostly
forward looking and will require further work to put into practice. Finally, it is worth highlighting some of
the overlaps between this domain and others. In this case, we identified many such overlaps – with Capacity,
with Market environment, and with Patient-centricity and Equitable access and use in terms of the level of
patient engagement.
Table 3.3 Collaboration and transparency indicators
Subdomain

Indicator

Timeline

Clinician engagement in
research

Partnerships between academic researchers and community
clinicians
Co-authorship on research publications

Now
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Subdomain

Indicator

Timeline

Clinician engagement in
research

Co-funding of research awards

Now

Collaboration in care delivery

Quality Oncology Practice Initiative (QOPI)

Generating and sharing data

Cancer data capture

Industry collaboration

Number of pharma–pharma partnerships

Co-registration of clinical trials

Co-authorship on research publications
Co-registration of clinical trials
Patient engagement

Membership in research organizations, such as the Children's
Oncology Group (COG)
Number/percentage of patients enrolled in clinical trials
Number of people participating in clinical trials each year

Generating and sharing data

Digital Imaging and Communications in Medicine (DICOM)

Future

Extent to which DICOM is used for the encoding and interchange
of clinical trial results
Data sharing from clinical trials

Overarching network
measures

Commitments of pharmaceutical companies to share clinical trial
data
Network density: the proportion of potential connections that were
reported by network members
Network centralization: the extent to which the network is focused
around a small number of members
Network-level reciprocity: the proportion of connections that was
reported by both members in a given pair
The number of connections a given member has in the network
Frequency with which a member serves as the most efficient way
for other members to connect

Source: RAND Europe

3.4. Efficiency
Efficiency

Efficiency allows increased speed, improved quality, and/or reduced cost of
innovations.

Source: RAND Europe, based on the outcomes of the working group workshop organized by the Milken Institute in
July 2019

Efficiency can be characterized in terms of both cost efficiency or time efficiency and can be relevant across
many different elements and stages within the ecosystem. The literature identified focuses on measurement
of cost efficiency in the delivery of care (Barr and Towle 2012) and in the development of new products in
the private sector (with a particular focus on the pharmaceutical industry) (Scannell et al. 2012). Measures
of time efficiency typically focus on the time taken to progress through different translational stages – for
example, efficiency of phase 2 clinical trials (Wason and Jaki 2016) – although there are also some metrics
around the timeliness of treatment progress and provision of care (e.g. Bilimoria et al. 2009; Young et al.
2014). There is fairly extensive data available on the efficiency of care delivery from a cost perspective in
particular, through the National Practice Benchmark dataset (Barr and Towle 2012), although it seems that
this is no longer annually updated.
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Box 4 Efficiency and oncology healthcare delivery
To improve the efficiency and effectiveness of oncology healthcare delivery, timely access to care for
treatment of cancer and early access to primary care aimed at discussing and reducing cancer risk factors
are crucial. Available evidence argues for minimizing the long-term impact of cancer by effective feedback
into the system about the “lessons learned” in terms of key indicators, such as quality of care, quality of
patient life, ability of cancer patients and survivors to participate in work and life roles, overall health of the
patients, and better support for caregivers is thus crucial.
In the USA, the shift toward timely access to cancer treatment has partly been driven by an emphasis on
improving overall clinical efficiency and reducing costs (i.e. cost efficiency). In the USA, this aligned with a
transition to a value-based healthcare model focusing on quality of care, patient outcomes, and cost of care
enabled through alternative payment models (including pay for healthcare provider performance), rather than
conventional, fee-based service models (see Figure 3.6).
Source: Alfano et al. (2019); Yabroff et al. (2019); Aviki et al. (2018)

Figure 3.6 Transition in the US healthcare payment models

Source: RAND Europe, based on Yabroff et al. (2019)

In terms of challenges, the cost effectiveness of (drug) development in the private sector is particularly
highlighted – both for cancer and for the ecosystem more widely. Some of the specific underlying issues are
well characterized by Scannell and colleagues (2012) and are summarized in Box 5. Measures of return on
investment in terms of public sector research are less commonplace. However, analysis by Glover and
colleagues (2018) has shown that this is feasible although time intensive, and that, to date, the analysis
conducted has been cross-sectional rather than longitudinal. We also note that costs of cancer care are
reported to be rising more rapidly than costs in other specialties – and that those costs (and also the quality
of care) may differ substantially between geographical regions (Kline et al. 2017). One approach to address
some of these challenges is the Oncology Care Model (OCM), which aims to use a mix of payment
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incentives and practice redesign criteria to try to reduce costs and improve and standardize quality of care
delivery. However, this has yet to be fully evaluated.
Box 5 Declines in pharmaceutical R&I efficiency
Research diagnosing the decline in pharmaceutical R&I efficiency (Scannell et al. 2012) has identified eight
key causes for declining returns on investment:
Cause 1: The “better than the Beatles” problem. Drugs that were once blockbusters are now generics, and
this ever-improving “back catalog” of quality approved medicines make it ever harder for new drugs to
achieve improvements over existing treatments.
Cause 2: The cautious regulator problem. Progressive lowering of the risk tolerance of drug regulatory
agencies raises the bar for the introduction of new drugs, and could substantially increase the associated
costs of R&I.
Cause 3: The “throw money at it” tendency. This is the tendency to add additional resources to try to
achieve returns on R&I, which has, until recently, led to ever-increasing R&D spend.
Cause 4: The “basic research–brute force” bias. This is the tendency to overestimate the extent to which
basic research (notably in molecular biology) and large-volume screening methods can develop new and
effective treatments. This reliance on “brute force” has resulted in a move away from older and potentially
more productive approaches to finding new drug candidates, and it makes the “signal-to-noise ratio” of drugs
that enter clinical trials much worse.
Cause 5: The narrow clinical search problem. This reflects a change from looking at the broad potential of
active agents to focusing on very specific effects from molecules designed with a specific target in mind.
Correspondingly, multi-center trials that are spread thinly across very many sites limit the opportunity for
doctors to identify wider, and potential unintended, positive outcomes or patterns.
Cause 6: The big clinical trial problem. Because treatment effects are now assessed relative to existing
(often quite effective) treatments, clinical trials must be extremely large to have enough statistical power. There
are also multiple audiences for the trials, spanning science, regulation, and marketing, which complicates
structure and design.
Cause 7: The multiple clinical trials problem. Regulators are less willing to assume that safety and efficacy
can be assumed across patient populations. This means that approvals tend to be for narrower indicators
and that more clinical trials are needed per drug to cover all possible uses.
Cause 8: The long cycle time problem. Cycle times are much longer than they were 60–70 years ago,
reflecting a more cautious regulator and the conducting of much more basic research before moving to
clinical trials, thus slowing down innovation. In 2005–2006, the average length of time in clinical
development for a drug was more than nine years.
Source: Scannell et al. (2012)

Bringing this together, we identify four subdomains within the Efficiency domain, as shown in Figure 3.7:
Cost efficiency in care delivery; Time efficiency in care delivery; Cost efficiency in R&I; and Time efficiency
in R&I.
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Figure 3.7 Efficiency subdomains

Source: RAND Europe

Table 3.4 provides a summary of metrics identified to measure the efficiency of the oncology ecosystem. It
is notable that relatively few of these metrics are ready to use “now”; most require some further work to be
ready for implementation into a scorecard. This suggests that this may be an area requiring further
investment of time and resources to improve the availability of data. We also note several overlaps here,
since these metrics capture the efficiency of delivery of processes that span other domains. The most notable
overlap here is with Innovation and productivity, which might be expected because we might anticipate
productivity and efficiency to be closely aligned. There may be metrics that could be moved between these
two categories.
Table 3.4 Efficiency indicators
Subdomain

Indicator

Timeline

Cost efficiency in R&I

Number of new drugs brought to market by the global
biotechnology and pharmaceutical industries per billion US dollars
of R&I spending
Cycle time – period of time in clinical development for a new drug

Now

Publication or citation per dollar invested in research
Cost efficiency in care
delivery

Revenue, costs, and drug margins per full-time equivalent
hematologist/oncologist
Net drug revenue per full-time equivalent (FTE)
hematology/oncology (HemOnc) staff
Number of patient visits per full-time equivalent (FTE)
hematology/oncology (HemOnc) staff
Physician work relative value units (wRVUs)
Practice cost and practice revenue per full-time equivalent (FTE) staff
Total revenue and total operating expense per full-time equivalent
(FTE) hematology/oncology (HemOnc) staff
Costs of cancer care
Participation in (and outcomes of) Oncology Care Model (OCM)
Total practice expense less physician compensation
Net medical revenue per full-time equivalent (FTE)
hematology/oncology (HemOnc) physician
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Subdomain

Indicator

Timeline

Cost efficiency in care
delivery

Established office patient visits per full-time equivalent (FTE)
hematology/oncology (HemOnc) physician
Established hospital patient visits per full-time equivalent (FTE)
hematology/oncology (HemOnc) physician
Net operating expense per full-time equivalent (FTE)
hematology/oncology (HemOnc) physician
Net drug revenue per full-time equivalent (FTE)
hematology/oncology (HemOnc) physician
Net drug revenue as a percentage of cost of goods paid for
(COGPF)

Future

Net drug revenue as a percentage of total medical revenue
Net drug revenue as a percentage net medical revenue (less
radiation oncology revenue)
Time efficiency in care
delivery

Time efficiency in R&I

Time from diagnosis to surgery or first treatment
Time from surgery to commencing adjuvant therapy (where
appropriate)
Time from presentation to Primary Care Practitioner (PCP) to initial
testing
Time patient waits for admission for planned surgery
Time taken for cancer drugs to pass through different trial stages –
process marker approach
Knowledge turnaround time
Time from research funding allocation to citation on a clinical
guideline
Overall time from first protocol submission to final medicines
regulatory approval
Average time from first world application for market authorization
to approval in market

Source: RAND Europe

3.5. Patient-centricity
Patient-

Patient-centricity ensures that innovation truly addresses patients’ needs and

centricity

preferences. It also leads to a more inclusive and diverse distribution of the
benefits.

Source: RAND Europe, based on the outcomes of the working group workshop organized by the Milken Institute in
July 2019

The importance of empowering patients in oncology to enable improved health outcomes has been widely
recognized (Badia et al. 2019). In particular, when more than one treatment option is available, the patient’s
voice should be the decisive factor to determine which treatment aligns most with the preferences and
opinion of the patient (de Mik et al. 2018). Patient-reported outcomes (PROMs) additionally provide
insight into different aspects of the cancer treatment cycle. This includes perceived health and treatment
effects and can offer additional insight into how treatment and disease affect the lives and wellbeing of
patients (Tevis et al. 2018). However, not only patient outcomes are critical to determine patient-centricity.
Patient access to drugs and treatment, as well as the engagement and involvement of patients with research
– both academic and industry-led – should also be considered when reviewing the entire ecosystem.
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When considering the point of view of patients, it is necessary to distinguish between patient-reported
outcome measures, which assess the health status of patients, and patient-reported experience measures
(PREMs), which assess the patient’s perspective during care and treatment.
Quality of life is a concept essential to PROMs. Internationally validated and widely used surveys exist for
this. Three commonly and internationally used questionnaires are the European Quality of Life-5
Dimensions (EQ-5D) (Howell et al. 2015) instrument, which considers mobility, self-care, usual activities,
and pain- and mental health–related factors; the European Organisation for Research and Treatment of
Cancer Quality of Life Questionnaire Core 30 (EORTC QLQ-C30); and the Functional Assessment of
Cancer Therapy (General) (FACT-G). EORTC and FACT were specifically developed for cancer patients
(Selby and Velikova 2018). EORTC offers the option of disease-specific modules (Lagendijk et al. 2018).
FACT also follows the core plus module design, providing options of modules with cancer type–specific
questions (e.g. lung cancer, lymphoma, and others) (Yost et al. 2013).
An additional facet to patient-centricity is the engagement of patients as an active part of their care process
in general. Patient activation is a concept for which few metrics exist. A general patient activation metric
that has been tested in cancer patients is available (Hibbard et al. 2004).
We grouped PROMs, PREMs, patient activation, and value for patients into the umbrella domain Patient
outcomes. All shortlisted subdomains are presented in Figure 3.8.
Challenges remain for measuring patient-reported outcomes, despite their increasing popularity. A major
drawback is the large number of available questionnaires to measure PROMs and PREM, because there is
a general lack of consensus on which questionnaire to use, and researchers tend to prefer their personally
developed questionnaires. Contributing to this is the time-consuming and expensive evaluation of
psychometric properties of questionnaires, often requiring large numbers of patients or individuals from the
population (Selby and Velikova 2018). It also has been highlighted that, apart from available validated
surveys on PREMs (Narbutas et al. 2017), considerable uncertainty persists regarding what metrics to use
to measure patient engagement in cancer care (Hayden Bosworth et al. 2017). Another challenge is the lack
of surveying of the entire cancer journey, not solely the outcome and treatment stage, emphasizing the need
for continuous measurement (Tran et al. 2018). Some questionnaires on PROMs miss important aspects
of the lives of cancer patients that are not linked at first glance to their cancer treatment, such as finances,
employment, and carer responsibilities of the patients themselves. It is crucial to ensure that all aspects of
wellbeing, including the patient’s social life, are measured in PROMs for cancer patients (Catt et al. 2017).
While frameworks assessing clinical outcomes often also include PROMs or PREMs, these are not always
reported on in clinical trials, and therefore data in these framework scorecards is sometimes limited (ESMOMagnitude of Clinical Benefit Scale n.d.). No general database exists that collates patient-reported measures
outside of clinical trials.
Considering the multitude of treatment options for some cancer types, the extent to which patients are
empowered to make choices about their care is an important measure of patient-centricity. Shared decision
making (SDM) is a process that, on the one hand, helps patients to consider and share their preferences
regarding the pros and cons of the treatment options and, on the other hand, helps physicians explicitly to
evoke these preferences and incorporate them into the final decision. Questionnaires exist that measure
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shared decision making from either the patient’s perspective, the surgeon’s perspective, or both (de Mik et
al. 2018).
Box 6 Patient-centricity in relation to oncology healthcare delivery
Available evidence appears to argue for a multi-factorial understanding of the biological, social, behavioral,
and psychological context of individual patients and for the availability of healthcare resources aligned with
patient needs to build a patient-centric model of predictive and effective oncology care. Availability of
healthcare resources is linked with costs of healthcare delivery and provider shortages (i.e. clinicians,
affordable drugs, and equipment). This suggests an increased need for coordination between community and
public health systems, with the patient at the center of the system.
In the decentralized context of healthcare delivery in the USA, such access to highly individualized medical
treatment would need to be aligned with the existing and emerging market mechanisms and payment models
for primary care and oncology-focused preventative care.
Source: Alfano et al. (2019); Yabroff et al. (2019)

An important yet underexplored area in patient-centricity is the engagement of cancer patients in pharma
and research. A global market research survey available online explores the corporate reputation of pharma
from the cancer patient’s perspective. Data are available for the years 2017 and 2018 (Research and Markets
2019). Further information on the patient–pharma connection can only be found selectively on pharma
company websites (e.g. Roche) (Roche n.d.). When considering patient involvement in cancer research, we
note that the UK provides consumer research partnerships in the form of networks that aim to involve
patients not only as participants, but also as collaborators in research. This includes taking their opinions
and suggestions into account and offering some degree of power over decisions (Arain et al. 2015). There
is a need for additional research on the patient-pharma connection, as well as decision-making abilities and
level of involvement of cancer patients in clinical trials.
A pragmatic way to measure patient-centricity is the access of patients to treatment and care. Researchers
have suggested different benchmarks to assess access. This involves basic counts of patients (new and
established) and number and type of staff (Towle, Barr, and Senese 2012). Different measurements are
mentioned, such as average daily treatments per number of FTE physicians, new radiation oncology patients
per FTE physician, capacity ratio for new patients, and total treatments per year (Towle, Barr, and Senese
2013).
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Figure 3.8 Patient-centricity subdomains

Source: RAND Europe

In Table 3.5, we identify 12 metrics across these subdomains, all of which are not readily measurable at
present and would require further investment of time and/or resources to be applied in a scorecard. We
particularly note a lack of metrics around empowered patients. More thinking is needed in this space to
develop meaningful metrics to assess the extent to which patients are empowered to seek new treatments
and access effective care that meets their needs based on the best new innovative practice. Access metrics are
also limited, largely reflecting access to care rather than access to innovation. We note that the lack of
metrics in this domain in part reflects overlap with other domains – notably Equitable access and use, which
captures many of the metrics available around patient access and could also be duplicated to inform this
domain if required. We also note the overlap with the wider, cross-cutting domain of Outcomes. Depending
on the preferred structure, Patient outcomes could be captured here or within Outcomes.
Table 3.5 Patient-centricity indicators
Subdomain

Indicator

Timeline

Empowered patients

Shared decision making (SDM) through the Control Perception
Questionnaire (CPM)

Future

Patient access

Hematology/oncology (HemOnc) capacity ratio for 350 new
patients
New radiation oncology (RadOnc) patients per full-time equivalent
(FTE) RadOnc physician
Average daily treatments per full-time equivalent (FTE) radiation
oncology (RadOnc) physician
Total treatments per year per full-time equivalent (FTE) radiation
oncology (RadOnc) physician

Patient and public involvement
and engagement

Corporate reputation of the pharmaceutical industry from the
cancer patient’s perspective
Consumer involvement in cancer research

Patient outcomes

Patient Reported Experience Measures (PREMs)
Patient Activation Measure (PAM
Patient Health Engagement Scale (PHE-scale)
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Subdomain

Indicator

Timeline

Patient outcomes

European Quality of Life-5 Dimensions (EQ-5D)

Future

Value for patients
Source: RAND Europe

3.6. Innovation and productivity
Innovation & Innovation and productivity ensures that a critical volume of quality candidates
Productivity

comes out of every stage of the R&I process and that diversity of effort is used
to improve the odds of innovative discoveries.

Source: RAND Europe, based on the outcomes of the working group workshop organized by the Milken Institute in
July 2019

The Innovation and productivity domain can be used to understand the “pipeline” of innovation within
the ecosystem, along with the dynamism and sustainability of R&I capabilities in relation to oncology.
Additionally, the Innovation and productivity domain can be used to measure quality of R&I,
improvements in therapeutic outcomes, and related aspects of the oncology ecosystem, including
productivity in care delivery and the “returns” achieved due to the innovation and productivity in the
system.
The available evidence on innovation and productivity within oncology can be considered to broadly focus
on three aspects of the ecosystem: R&I activity related to oncology drugs and approvals (Panteli and
Edwards 2018); innovation to improve access to drugs (including financial incentivization in relation to
healthcare and physician performance) (Makari-Judson et al. 2013; Wang, Plump, and Ringel 2015); and
efficiency of oncology practices (Towle, Barr, and Senese 2013). A key measure of productivity in relation
to healthcare delivery is the work relative value unit, which is a commonly used metric for physician work
in the USA. wRVU is typically measured through time utilization data by physicians, nonphysician clinical
staff, and other administrative staff within the healthcare system. The access to this data appears to differ
significantly due to the commercially sensitive nature of the data and the need to anonymize the data
effectively. It also varies depending on whether the data was collected as part of public sector or private
sector healthcare delivery (Towle, Barr, and Senese 2013). In combination with wRVU, Makari-Judson et
al. (2013) and Towle, Barr, and Senese (2013) also present metrics related to patient satisfaction, research
intensity of a physician’s work, and sub-classifications of wRVU specific to oncology disciplines, such as
hematology and radiology, to understand productivity in a healthcare context.
Measures of innovation, such as availability and utilization of research funding, and rate of IP-generation
(Wang, Plump, and Ringel 2015), are based on public domain datasets, including governmental funding
allocated to oncology research; patent information; and research publication information on oncologyspecific drugs and research. Panteli and Edwards (2018) examine the approval rates for oncology drugs by
the FDA or the European Medicines Agency (EMA) to identify measures of productivity within the
regulatory process, and they examine the rate of return for pharmaceutical and biotech companies in terms
of cost and time spent on drug development and market deployment of drugs post-approval. Guthrie et al.
(2014) demonstrate that economic returns on oncology R&I can be measured, but that this relies on
significant analytical work and access to multiple datasets. Based on financial information disclosure by
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public sector and private sector healthcare providers, Montesarchio et al. (2012) offer a lean oncology
model, whereby innovation within the oncology ecosystem is measured in terms of avoidance of non-useful
therapies and the rate of waste reduction through such strategies as grouping of high-cost therapies on the
same day.
Similar to the Market environment and Efficiency domains, the most comprehensive dataset for measuring
Innovation and productivity for the US oncology ecosystem appears to be the NPB for Oncology (Barr and
Towle 2012; Towle, Barr, and Senese 2013), which uses an annual survey and offline data collection
through agreements with various healthcare providers across the USA. An additional dataset to consider for
measuring these metrics is the Medicare 6 Physician Compare data, 7 which forms the basis of the State of
Oncology Practice in America report, 8 published annually by the ASCO. ASCO also conducts an annual
Survey of Oncology Practice Operations, 9 which uses a benchmarking approach to offer participating
oncology practices comparative analysis of their operations against other practices participating in the
survey. However, the findings of this survey are only available to participating practices, and the underlying
dataset does not appear to be available in the public domain.
Box 7 Innovation, productivity, and oncology healthcare delivery in the USA
To accelerate the improvements in oncology healthcare delivery in the USA, the Center for Medicare and
Medicaid Innovation introduced value-based cancer care through the OCM in 2016. The OCM focuses on
an episode-based alternative payment model that aims to address unwarranted variations in the cost of
cancer care across US regions and practices. OCM has the potential to be a paradigm-changing process
and systemic innovation, since it recognizes the decentralized nature of US healthcare delivery while
targeting payment reform initiatives. By reducing unwarranted variations in practice, the OCM could
arguably lead to lower out-of-pocket costs for patients; an increased shift to bundled reimbursements for
clinicians; and, thereby, potentially a more effective and productive workforce in oncology practices.
With two layers of payment incentives – one relating to care coordination and the other relating to
performance incentives – it offers oncology practices the prospect of adopting reforms appropriate to their
clinical setting. This has the potential to achieve insurance coverage expansion, as well as increased funding
for patient-centered clinical and healthcare delivery through experiments in payment design for healthcare
delivery, related not only to oncology, but also to a broad range of other health conditions.
Source: Brooks, Hoverman, and Colla (2017); Geiger et al. (2016)

Measurement of innovation in terms of drug R&I – particularly discovery and approval and productivity
in terms of rate of treatment, physician productivity, or cost efficiencies – appears to be the most prominent
among the indicators. However, some challenges need to be considered in relation to the available datasets,
such as the Medicare Physician Compare data or the NPB for Oncology. Within the Medicare Physician

Medicare is the national health insurance program in the USA, which is available to people over the age of 65,
younger people with disabilities, and people with specific diseases. See https://www.medicare.gov/what-medicarecovers/your-medicare-coverage-choices/whats-medicare (accessed 25 March 2020) for more details.

6

7

https://data.medicare.gov/data/physician-compare (accessed 25 March 2020)

8

https://www.asco.org/research-guidelines/reports-studies/state-cancer-care (accessed 25 March 2020)

https://practice.asco.org/practice-support/practice-benchmarking/survey-oncology-practice-operations (accessed 25
March 2020)
9
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Compare data, the oncology-specific data need to be effectively segregated; the dataset is not specific to
oncology, and thus further analysis and extrapolation of the underlying trends is necessary before the data
can be usefully measured. As highlighted previously, the NPB data for oncology do not appear to be
available over recent years, and the dataset thus may not be relevant for measuring the indicators in 2020.
The available evidence highlights the need to measure the shift in the oncology innovation pipeline in terms
of use of mechanistic hypotheses supported by human genomic data (Wang, Plump, and Ringel 2015) or
enablement of personalized medicine (Schilsky 2010). However, further synthesis and analysis of existing
datasets would be required to enable such paradigmatic changes to be measured. Similar considerations
apply when metrics aimed at identifying human health returns on oncology innovation or improving agility
within the oncology ecosystem (Wang, Plump, and Ringel 2015) are considered. Since existing datasets are
not necessarily designed to measure such processes or outcomes, such indicators, although relevant, may
not be feasible in the immediate future.
Bringing this together, across innovation and productivity we identify five subdomains as illustrated in
Figure 3.9: Innovative and evidence-based decisions; innovative partnerships; productivity in care delivery;
R&I productivity; and returns.
Figure 3.9 Innovation and productivity subdomains

Source: RAND Europe

Across these five subdomains, we identify 26 potential metrics in Table 3.6; however, only one of these is
ready to be used “now.” It is worth highlighting a few important overlaps here. First, indicators on
Innovation and productivity in care delivery overlap significantly with Capacity measures, although applied
in a different context in this domain. We also note the inevitable overlap between the Efficiency and
Innovation and productivity domains. We have primarily captured return on investment information
within this domain. However, it is also covered to some extent within the Efficiency domain, and arguably
could be covered in either domain.
Table 3.6 Innovation and productivity indicators
Subdomain

Indicator

Timeline

R&D productivity

Approvals of oncology new molecular entities (NMEs) by the FDA
or the EMA

Now
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Subdomain

Indicator

Timeline

Innovative and evidencebased decisions

Shift in pipelines toward innovative and differentiated mechanisms,
exploiting new pathways and targets
Shift in pipelines toward compounds with clearer mechanistic
hypotheses, based on targets supported by human data (e.g.
genetics)
Decision making as defined by Go/No-Go experiments in early
development, based on quality, hypothesis-driven experiments or
predictive biomarker data
Percentage of research spending used to fund external innovation

Future

Innovative partnerships

Number of IP-generating external collaborations

Productivity in care delivery

Percentage of research spend or number of investments made with
venture or other equity partners
Patient satisfaction (including emotional wellbeing)
Financial success of the healthcare system in which physicians
operate
Availability or implementation of weighted-variable compensation
scheme for physicians
Average daily treatments per physician
Total work relative value unit (wRVU)

R&D productivity

Work relative value unit (wRVU) less infusion services per full-time
equivalent (FTE)
Work relative value unit (wRVU) per full-time equivalent (FTE)
hematology/oncology (HemOnc) physician
Nonphysician practitioner (NPP) work relative value unit (wRVU)
per full-time equivalent (FTE) hematology/oncology (HemOnc)
physician
work relative value unit (wRVU) per full-time equivalent (FTE)
Nonphysician practitioner (NPP)
Percentage of oncology NMEs developed by small to mediumsized enterprises (SMEs), academic institutions, public bodies, or
public–private partnerships
Percentage of oncology NMEs for which ownership is retained by
SMEs, academic institutions, public bodies, or public–private
partnerships
Success rates in clinical development for oncology drugs
Cost of capital per drug development

Returns

Internal rate of return: combining total development expenditure
with projected revenues from post-launch sales
Return on R&D investment
Human health return (on investment terms) per dollar of R&D
investment
Financial return (on investment terms) per dollar of R&D investment

Source: RAND Europe

3.7. Equitable access and use
Equitable Access & Equitable access and use ensures that the innovation reaches all who
Use

need it when they need it.

Source: RAND Europe, based on the outcomes of the working group workshop organized by the Milken Institute in
July 2019
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Despite progress made in reducing overall cancer incidence and mortality rates in the USA in recent decades
(Howlader et al. 2019), disparities in cancer burden persist, with some groups experiencing higher incidence
and mortality risks (Rust et al. 2015; American Society of Clinical Oncology 2017) and worse survival rates
(Choi et al. 2016; Chow et al. 2013; Stessin and Sherr 2011). Disparities in outcomes vary by cancer type
(American Society of Clinical Oncology 2017); sociodemographic characteristics (including race, gender,
income, and education) (Choi et al. 2016); and geography (Mokdad et al. 2017; Rust et al. 2015).
These unequal outcomes can be partially explained by inequities in access to care and to R&I in cancer care.
However, when considering cancer outcomes, it is difficult to separate the effects of risk factors, such as
individual behavioral and health factors (e.g. smoking, obesity) and social determinants of health (e.g. early
life experiences, poverty, housing, social exclusion), from health system factors, such as issues of access.
Studies investigating disparities in outcomes that attempt to control for individual and social factors have
found mixed evidence around whether survival differences are related to differential presentation
characteristics (e.g. later stage at diagnosis, tumor type) (Silber et al. 2013; 2014) or to differences in received
treatment (Chow et al. 2013; Stessin and Sherr 2011).
Differential presentation characteristics and differences in treatment may both be reflective of differential
access to cancer care. Within the US context, access to these resources is fundamentally shaped by access to
health insurance and by the cost of care. For example, stage at diagnosis is influenced by realized access to
screening programs, with research finding that those living in high-poverty areas (Henry et al. 2013) or
those who lack medical insurance or have Medicaid insurance 10 (Halpern et al. 2008; Henry et al. 2013)
are less likely to receive appropriate cancer screening and more likely to receive a late-stage diagnosis of
cancer than those not living in high-poverty areas or those who have private insurance. Within the US
context, the insurance status of cancer patients is correlated with ethnic minority status, such that nonHispanic whites are more likely to have private insurance than other population groups (Halpern et al.
2008), making it difficult to disentangle the effects of these variables on access to care. Treatment differences
by population subgroups are also linked to wealth differences, with research showing that wealthier
geographic regions offer more advanced treatment options and a wider range of treatment options (Mokdad
et al. 2017; Olarte and Megwalu 2014; Stessin and Sherr 2011). The high cost of cancer care also presents
barriers to access, with research showing that up to 45 per cent of cancer patients have restricted their care
through medication nonadherence or skipping doctor’s visits or recommended medical tests due to financial
constraints (Chino and Zafar 2019).
Box 8 Equitable access to and use of oncology healthcare delivery in the USA
The decentralized structure of public and private healthcare delivery in the USA requires a different approach
to equitable oncology healthcare delivery compared with such countries as the UK, Denmark, and Sweden,
which offer a centralized public healthcare delivery system. For example, the UK healthcare system enables
a personalized and risk-stratified approach for follow-up cancer care, which can be challenging to replicate
in the USA due to it being traditionally reliant on fee-for-service payments and point-of-care service delivery.

10

Medicaid is the US national and state programme to help people with limited income and resources.
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To address such challenges the Affordable Care Act (ACA) 2010 11 targeted the expansion of healthcare
insurance coverage. The ACA is reported to have resulted in up to 20 million Americans being added to
healthcare insurance coverage by 2016. However, its critics have argued that it focused disproportionately
on approaches to payment and coverage, without effectively changing healthcare delivery. Although singlepayer plans have been proposed as a remedy for these challenges to equitable access to healthcare, a 2015
RAND report titled “Exploring Single-Payer Alternatives for Health Care Reform” suggests that single-payer
systems are heterogeneous and that estimates of the effects on spending vary (Liu 2016). Several trade-offs
are likely to be necessary in a decentralized healthcare system when universal healthcare delivery and
equitable access are the stated objectives. Examples of the trade-offs include expanding coverage versus
reducing costs and targeting tax credits versus incentivizing work. Achieving a balance between these tradeoffs would depend on the objectives for equitable access and use that the US healthcare policy aspires to in
the future.
Source: Brooks, Hoverman, and Colla (2017); Alfano et al. (2019); Yabroff et al. (2019); Eibner (n.d.); Liu (2016);
Toussaint (2016)

Beyond such factors as insurance and poverty, which affect patients’ ability to access health system resources
more broadly, patient access to oncology innovations is affected by two additional pathways – their
participation in clinical trials and the uptake and use of innovations by their care providers. Research shows
consistent evidence of proportionally lower engagement by blacks, Hispanics, and women in oncology
clinical trials, with participation among these groups actually declining between 2011 and 2016 according
to statistics reported via ClinicalTrials.gov (Duma et al. 2018). Lower minority engagement in oncology
clinical trials could be partially explained by financial barriers to participation, such as costs related to travel,
lost wages, and lodging (Chino and Zafar 2019). However, research also suggests that members of racial
and ethnic minority groups are asked to participate in clinical trials at lower rates than whites (Chino and
Zafar 2019).
Uptake of R&I by care providers is shaped by myriad organizational, professional, and individual factors.
However, research shows that clinician and hospital involvement in research, for example through a cancer
research network, increases the likelihood that patients will receive innovative oncology treatments (Boaz et
al. 2015). This is driven in part by clinician and hospital participation in clinical trials facilitating patient
access to trials, but also by clinicians having increased knowledge and understanding of research findings
and by organizations that routinely implement emerging research findings developing skills at doing so
(Boaz et al. 2015). The development of practice guidelines, such as those produced by the National
Comprehensive Cancer Network (NCCN) (n.d.), can also facilitate the uptake of oncology R&I through
encouraging clinicians, hospitals, and insurance providers to base treatment and coverage decisions on
current, evidence-based practices.

The Affordable Care Act, also known as Obamacare, is a healthcare reform law enacted in March 2010 by the US
Congress. The law has three primary goals: 1. Make affordable health insurance available to more people. The law
provides consumers with subsidies (“premium tax credits”) that lower costs for households with incomes between
100% and 400% of the federal poverty level; 2. Expand the Medicaid program to cover all adults with income below
138% of the federal poverty level. (Not all states have expanded their Medicaid programs.); 3. Support innovative
medical care delivery methods designed to lower the costs of healthcare generally. See
https://www.healthcare.gov/glossary/affordable-care-act/ (accessed 25 March 2020) for more details.
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Within the domain of equitable access and use, there are three key subdomains: Access to care; Access to
R&I; and Equity in outcomes across subpopulations as an indicator of equitable access, as shown in Figure
3.10. These are reflected in a set of 27 metrics, as shown in Table 3.7. Key considerations around access
include financial factors (e.g. insurance status), access to cancer screening services, and the quality of
available oncology services within a patient’s region. Key considerations around access to R&I include access
to clinical trials and the degree of participation by healthcare providers and hospitals in research. Indicators
to measure equity in outcomes should consider incidence and survival by subpopulation group, as well as
factors known to impact on health outcomes, such as quality of care indicators. We also note here some
important overlaps between domains. There are significant overlaps between Patient-centricity and this
domain in terms of metrics measuring access to the best available care – which are largely captured here but
could also be captured in Patient-centricity. We also note the overlap with Outcomes measures, which are
also included here in terms of Equity in outcomes.
Figure 3.10 Equitable access and use subdomains

Source: RAND Europe

Table 3.7 Equitable access and use indicators
Subdomain

Indicator

Timeline

Access to care

Number of oncology specialists (e.g. oncologists, hematologists,
radiologists, surgeons, oncology nurses) (per 100,000 population,
by state/region)
Number of new oncology specialists (e.g. oncologists,
hematologists, radiologists, surgeons, oncology nurses) trained
each year
Number of research-active hospitals (per 100,000 population, by
geographic region)
Proportion of adults receiving cancer screening based on the most
recent guidelines
For patients with breast cancer (available by geographic region,
sexual orientation, race, age, family type, country of birth)
For patients with colorectal cancer (available by geographic
region, sex)
For cervical cancer screening (available by marital status, age,
family type, country of birth)

Now
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Subdomain

Indicator

Timeline

Access to care

Percentage of population under 65 without health insurance
(available by geographic region, race, sex, age group, family
type, sexual orientation, marital status)
Whether doctor discusses follow-up care after cancer treatment
(available by income, insurance type)
Whether doctor discusses side effects of cancer treatment
(available by income, insurance type)
Access to clinical trials

Now

Access to R&I

Access to clinical trials (by gender)
Access to clinical trials (by race)
Access to clinical trials (by age)
Equity in outcomes

Access to care

(Relative) survival rates (by cancer type, geographic region, patient
demographic characteristics)
Mortality rates (by cancer type, geographic region, patient
demographic characteristics)
Number or proportion of hospitals that are National
Comprehensive Cancer Network Cancer Center Members (by
geographic region or per 100,000 population per state)
Number of CT/MRI/PET-CT scanners per 10,000 population

Future

Stage at diagnosis (by cancer type and disease stage)

Access to R&I

Stage at diagnosis (by treatment type – e.g. intravenous cancer
drugs)
Number of research-active clinicians (by geographic region or per
100,000 population per state)
Access to clinical trials
Access to clinical trials (by geography)
Access to clinical trials (by socioeconomic status)
Patient access to information about clinical trials

Equity in outcomes

Variation in quality of care indicators (by census division, race,
hospital type)
Percentage of patients treated according to National
Comprehensive Cancer Network guidelines (by geographic
region, sex, race, income)

Source: RAND Europe

3.8. Outcomes
Outcomes Outcomes of the system cut across all the domains over a long-term duration.
Source: RAND Europe, based on the outcomes of the working group workshop organized by the Milken Institute in
July 2019

Measuring oncology outcomes, particularly clinical outcomes, has long been part of the medical system
(Oliver and Greenberg 2009). In recent years, outcome measurement has received increasing attention
among clinicians and researchers, resulting from improvements in care and leading to prolonged life
expectancy as well as advances in health system information technology to capture and monitor outcomes.
With increasing life expectancy, the world has also seen a rise in cancer incidence. With advances in care
and information technology alongside increasing cancer incidence, there is an increasing need for
improvement of metrics to assess oncology outcomes (Poortmans et al. 2018). However, challenges in
measuring outcomes persist, such as lack of time, expertise, and resources to advance health information
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systems and a lack of uniform or systematic data recording or metrics used (Poortmans et al. 2018). This
restricts comparability of recorded data and thereby its usability. Additionally, clinical outcomes, albeit an
important measure to cancer care, are not sufficient to assess quality of care. A movement toward patientcentered care can be observed, resulting in the need to include patient-reported and patient-focused
outcomes when considering quality of care and oncology outcomes in general (Tevis et al. 2018).
Fundamental to oncology outcomes are clinical metrics, which include prevalence, incidence, and mortality
rates (Committee on the Analysis of Cancer Risks in Populations near Nuclear Facilities – Phase I 2012).
These rates are relevant for regional and national policy makers to set priorities in cancer control and care.
It has been emphasized that patterns of cancer are dependent on regional characteristics, including age
distribution and proportion of different races (Lim et al. 2014). Data availability on the different clinical
outcomes varies. Mortality rate data are readily available through the National Center for Health Statistics
(Centers for Disease Control and Prevention 2019a). The United States Cancer Statistics (USCS) provides
information on incidence, prevalence, and survival rates, available by county and state (Centers for Disease
Control and Prevention 2019b). Additionally, when describing the value and outcomes of cancer therapies,
we can consider the metrics of lack of disease progression, reduction in cancerous cells, and cancer-specific
reductions of hematologic malignancies. Data on these clinical outcomes is less readily available and is only
patchily available through clinical trial data (Johnson et al. 2015).
Box 9 Oncology healthcare delivery and related outcomes
Achieving optimal quality of care provided to cancer patients and improving oncology outcomes are
arguably linked with improvements in the end-to-end patient journey. Improving oncology outcomes would
include effectively managing the transition of patients from primary care into and out of oncology care.
Achieving such outcomes would require coordination of oncology practices at the local and regional levels
as part of a health system, via either formal or informal collaborative relationships.
Improving cancer care outcomes is also closely tied to patterns of healthcare provided at the population level
and to optimizing oncology practice organizational structure to support clinicians at the frontline of healthcare
delivery. Research suggests that addressing the financial burden of cancer care for patients and the
psychosocial burden on survivors, caregivers, and families of cancer patients are also crucial factors to
improving outcomes of oncology healthcare delivery. In this context, the role of clinicians (and associated
healthcare delivery systems) is primarily to observe and intervene to guide the healthcare delivery to targeted
outcomes (see Figure 3.11 for a high-level representation of such a system focused on improving healthcare
delivery outcomes).
Source: Geiger et al. (2016); Tsui et al. (2019)

In relation to clinical trials, it is crucial to determine the clinical benefit from cancer therapies. Different
frameworks are available that offer scorecards or metrics to assess cancer therapies (ESMO-Magnitude of
Clinical Benefit Scale n.d.; Sivendran et al. 2013). The ASCO and the European Society of Medical
Oncology (ESMO) have both developed frameworks that involved patients’ perspectives as well as
clinicians’ knowledge (Badia et al. 2019). The structure of these varies depending on type of cancer,
estimated endpoint, and curative or non-curative therapies. These frameworks and scorecards aim to collect
trial data to facilitate searching by agent, tumor, or achieved score (ESMO-Magnitude of Clinical Benefit
Scale n.d.).
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Figure 3.11 A system focused on improving healthcare delivery outcomes

Source: RAND Europe, based on Geiger et al. (2016)

To evaluate the effectiveness, acceptability, and safety of interventions, it is essential to consider the patient’s
voice and viewpoint to complement traditional clinical outcome measures (Reeve et al. 2013). When
surveying the landscape of patient-reported outcomes in relation to patient satisfaction and quality of life,
metrics vary greatly. Data is often not compiled and readily available. This is exacerbated by the lack of a
standardized way of measuring patient-reported outcomes. However, patient-reported outcomes, including
quality of life measures, as outlined in section 3.5, offer opportunities for SDM and allow for patientcentered care as well as for assessing quality improvements in individual patients over time (Tevis et al.
2018). Various metrics are available to measure patient-reported outcomes. However, it is crucial to use
PROMs with robust and validated scales, ideally in a standardized fashion to enable comparability (Reeve
et al. 2013).
A challenge to the oncology ecosystem is the measurement of patient satisfaction. One, albeit difficult, way
to assess patient satisfaction is to determine unmet needs of the population. Unmet needs may be assessed
in terms of available drugs on the market as well as their prices, for particular cancer types (Panteli and
Edwards 2018). However, this measure does not cover patient-centered measures, and would need to
consider PROMs as well, to measure overall patient satisfaction (Poortmans et al. 2018).
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Figure 3.12 Outcomes subdomains

Source: RAND Europe

Poortmans et al. (2018) suggest structuring outcome measures in oncology under the following domains:
patient-reported data, measures of survival, clinical evaluation scales, direct measure of disease, measures
derived from treatment delivery, and measures derived from healthcare encounters (Poortmans et al. 2018).
To simplify these, we categorized outcomes under the following subdomains: Clinical outcomes (including
measures derived from treatment delivery and measures of survival as well as clinical evaluation scales),
Patient satisfaction (patient-reported data), and Quality of life (patient-reported data), as shown in Figure
3.12. These are reflected in a set of 14 indicators, as shown in Table 3.8. It is notable that all the readily
accessible metrics relate to clinical outcomes, rather than patient satisfaction or quality of life. There is a
significant overlap between the “future” metrics here and in the Patient-centricity domain, suggesting there
may be multiple potential uses for more readily available data on patient satisfaction and quality of life, on
a granular level, and that this gap may merit significant consideration.
Table 3.8 Outcomes indicators
Subdomain

Indicator

Timeline

Clinical outcomes

Prevalence and mortality rates

Now

Disease-free survival (DFS) or progression-free survival (PFS),
median overall survival (OS), recurrence rate, and quality of life –
used across different tumor types
Mortality, morbidity, survival rate
Clinical outcomes

Lack of disease progression; reduction of cancerous cells; median
overall survival; mortality rate aligning with general population;
reduction in hematologic malignancies depending on cancer type
ESMO-Magnitude of Clinical Benefit Scale
ASCO value framework: clinical benefit score and toxicity score

Patient satisfaction

Unmet needs of the population
Patient Reported Experience Measures (PREMs)
Patient Activation Measure (PAM
Patient Health Engagement Scale (PHE-scale
Value for patients
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Subdomain

Indicator

Timeline

Quality of life

European Organisation for Research and Treatment of Cancer
(EORTC QLQ-C30), which is commonly paired with diseasespecific modules and the Hospital Anxiety and Depression Scale
European Quality of Life-5 Dimensions (EQ-5D)

Future

Source: RAND Europe
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4. Workshop discussion

This chapter summarizes the key observations and discussion points emerging from a workshop held on 24
February 2020. Workshop participants spanned a range of stakeholder perspectives, including
policymakers, healthcare professionals, patient advocacy groups, oncology practice bodies, and data
specialists. The purpose of the workshop was to discuss the challenges in the oncology ecosystem, the
applicability of and refinements to this framework, and how it could be used in practice. Below, we
summarize the discussion points emerging from the two main sessions at the workshop. The first session
covered areas of high and low performance in oncology discussed how these areas map across the domains.
The second session reviewed the domains and suggested revisions and refinements. Finally, we provide some
overarching comments and reflections from the workshop overall.

4.1. High and low performance in oncology
In the first breakout session, we asked workshop participants to identify areas of high and low performance
in the oncology ecosystem. Box 10 provides a summary of some of the areas identified in that discussion.
Overall, the broad picture is that oncology is a high-profile area that receives significant investment and
attention within the health ecosystem more widely, with the result that there is a healthy pipeline of new
treatments and approaches. Indeed, the standard of care available, at its best, is very high. The challenges
are in ensuring all patients can access that care. Barriers to this include financial issues, with the costs of
cancer treatment being high; inconsistency in provision of care; and the extent to which services are “joined
up.” The result is that well-financed and highly health-literate patients and families can access the best care.
But for those who struggle to navigate this complex, expensive ecosystem, there is a risk of being left behind.
There are also some challenges in terms of measurement. Because of the fragmentation of the system, it is
difficult to access and share data effectively. Another potential weakness is the way in which outcomes are
measured, which typically focuses on cancer-specific (clinical) outcomes, as we note in section 3.8. Cancer
can impact on patients in multiple different ways. Two examples highlighted in the workshop discussion
were mental health impacts and impacts on personal finances of the cost of care. These are not typically
considered in the assessment of health system performance.
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Box 10 Areas of high and low performance in oncology
High performance
Visibility of oncology: Awareness of cancer and its implications is high among members of the public. It has
a high profile compared with other conditions.

Advocacy and engagement in the community: There is a strong and active community of advocates, who
are engaged and influential.

Financial investment in drug development: Funding is robust compared with other diseases, and oncology
performs well in terms of accessing financial support for research (public and private) compared with other
conditions.

Development and approval of new drugs: Oncology has a relatively healthy pipeline, accounting for
approximately 1 in 4 new drugs receiving regulatory approval in the USA.

Highly specialized, coordinated care: There are multidisciplinary care teams, working together and using
the best technology. The best oncology care in the world is available in the USA, but not everyone has access
to that level of care.

Low performance
Accessibility and equity: Although the best care in the world is available, it is not available to all, and the
standard of care delivered is highly variable.

Costs: Linked to accessibility, the cost of treatment is high. This means that not everyone can access the care
they need, and/or that there can be significant financial consequences for some (e.g. medical bankruptcy).

Regulatory approval to bedside: Although the pipeline of new treatments becoming available is strong,
there is an important bottleneck in translating these into patient care. Implementation is slow and inconsistent.

Side effects: Treatments can often produce negative side effects that may, to the patient, feel worse than the
disease itself.

Appropriate measurement of outcomes: Often measurement of outcomes is limited, and there is a failure to
measure the true quality and appropriateness of care. Linked to this, there is limited measurement of some
wider outcomes – such as mental health outcomes or impacts on personal finances.

Data sharing: Specialists and delivery systems do not share data or collaborate effectively. There is no single
patient record that connects to different parts of the ecosystem, and there is a reliance on the patient and
family to serve as care coordinators and be experts in their areas. Patients also are not easily able to share
their data for research purposes.

Patient information, knowledge, and health literacy: The healthcare system is complex and difficult to
navigate. It requires a high level of health literacy from the patient, which not all will possess. Information
provided at a level that individuals can engage with may be limited. An example of this is clinical trials –
most patients are not aware of the option to do this, and those who do participate often do not understand
the process and consequently experience negative consequences, such as fear or worry.
Source: RAND Europe, drawing on the workshop discussion

Reflecting on these observations on areas of high and low performance across our ecosystem domains
suggests that key challenges in the current ecosystem are around two domains: Equitable access and use and
Collaboration and transparency. It also suggests that, overall, performance in such domains as Innovation
and productivity, Capacity, and Market environment is strong. Further reflection on the content and
challenges in each domain is provided in the next section.
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4.2. Review of ecosystem domains
In the second breakout session, we asked workshop participants to review the oncology ecosystem domains
and discuss any suggested refinements to these or any key issues that should be captured within them. We
summarize here some of the key points raised for each domain.

4.2.1. Capacity
The discussion around capacity identified three main concepts that need to be considered in relation to
capacity: access, equity, and education. The issues across these three concepts can be summarized as follows:
•
•
•

Access: Is there enough capacity across the system for everybody to be able to access the care they
need?
Equity: Is that access equitable? Are underserved populations able to access equal treatments?
Education: In creating not just an educated workforce, but also an educated population, there is a
need for literacy among patients and actors in the healthcare systems. Can they use their
understanding and knowledge to navigate through systems effectively?

In terms of workforce capacity, these concepts have several implications. One point noted is that not only
the sheer number of health professionals matters, but also the time these health professionals have available
for patients. Beyond availability to patients, workforce capacity also means creating an informed workplace,
where practitioners are aware of different types of treatments and innovative medicines that are in the space
to ensure that the best and most appropriate care is offered. Timelines were also discussed, with participants
noting that the needs of today’s workforce may be different to those in the future.
Another important consequence of this model is that we need to consider the capacity of patients to engage
with and navigate the health system. This will require health literacy at the population level. Within the
current system, there is a reliance on the patient acting as an informed consumer, developing expertise in
their condition to help them drive their own treatment and join up different interconnected actors in the
space. The ecosystem, to function effectively for all, will either need to ensure that all patients have the
capacity to engage in this way, or adapt and improve such that those who are not able to engage as informed
consumers are still able to access the best care.

4.2.2. Market environment
One issue highlighted in the discussion on market environment was that existing measures focus primarily
on the commercial market in terms of incentives for drug companies and other commercial actors. It was
suggested that wider issues and incentives could be considered, such as behavioral incentives for patients or
the individual and population health environment. One possible idea discussed was changing the domain
name from “Market environment” to “Health environment.” However, the latter term is less clearly defined
relative to other domains that also cover, necessarily, aspects of the health environment. Indeed, the entire
ecosystem map could be considered to comprise the health environment, depending on one’s interpretation.
However, beyond this change in name, the discussion emphasized the need to strengthen coverage of other
actors, beyond the commercial, in this domain. One example of this is public policy, which has huge
potential to change the entire healthcare system. As a thought experiment, one group discussed the potential
implications if a “Medicare for all” policy was to be implemented. The group noted that this could have
significant impacts across the market, affecting the dynamics among patients, payers, and insurance
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companies, as well as healthcare providers. Another group discussed the role of prevention in this domain.
The group noted that, since the market environment indicators at present focus on the delivery of
treatments, there is a risk of lowering the emphasis on prevention, which could have a significant impact
on the ecosystem landscape. The group therefore suggested that the final selection of metrics should better
span different aspects and actors within the market environment, as well as the incentives that may drive
them.

4.2.3. Collaboration and transparency
A key discussion point in relation to this domain was communication and providing information to
patients. There were concerns raised about the differential levels of health literacy among patients, and the
expectation – or even requirement – for patients to have high levels of health literacy in order to be able to
adequately navigate a complex healthcare landscape. Discussion covered how to improve levels of health
literacy, but also how to provide adequate and appropriate information targeted at different patient
“segments,” which can address their needs and provide information at an appropriate level for them to
engage with. It was also noted that health education was required not just for patients, but also for those
delivering care. The range and complexity of new treatment options may be overwhelming for healthcare
professionals who are delivering care day-to-day. Providing information in a way they can easily engage with
to ensure they are informed of the best available care and can deploy it effectively and appropriately may be
a challenge, but it is important to ensure new treatments are accessible. The discussion also highlighted the
fragmentation of the system overall and the lack of communication and data sharing between different
actors. One point noted is the need for patients to bridge the communication gap and facilitate the sharing
of information between different elements of the healthcare system. Also highlighted was the issue of
interoperability and data standardization – both in terms of sharing information for care delivery and in
terms of a challenge in measuring performance.

4.2.4. Efficiency
Time and costs were reemphasized as different and important topics within efficiency overall. An additional
point raised was the issue of prioritization. An efficient system focuses resources and time on key priorities.
Therefore, this is also a key aspect of efficiency that needs to be considered: Are resources being adequately
targeted toward priority issues and challenges within the ecosystem?

4.2.5. Patient-centricity
Discussion on this topic also emphasized differences in health literacy among patients and the extent to
which patient-centric care is provided across different levels of literacy. It is likely that different groups
across this continuum are not being served equally well within the current system. It was highlighted that
although patient satisfaction can be measured and there are well-established ways of doing this (although
these may not always be universally applied), it is more difficult to measure value to patients. This is
conceptually broader – taking in the wider implications, costs, and consequences of care delivered – and
hence more challenging to measure. However, it may offer additional and important information on
ecosystem performance.
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4.2.6. Innovation and productivity
Two important discussion points were raised in relation to this topic. First, what do we consider to be an
innovation in this context? The current metrics identified from the literature largely correspond to drugs
and devices, but innovations can be broader, encompassing such things as service reorganization. Second,
can we always assume that innovation is positive and meaningful? Innovation for innovation’s sake is not
productive; rather, innovation should add meaningful value to the existing system. Building on these two
overarching observations, discussion also highlighted the fact that although current approaches and metrics
highlight the process from bench to regulatory approval, many of the bottlenecks in the current ecosystem
occur as part of taking those new innovations into practice and reaching the bedside. This suggests that
other aspects of the system – such as capacity and equitable access and use – place a limit on the extent to
which performance in this domain leads to impact on patient care beyond a limited number of cases. Access
and implementation are likely the key limiting factors in the extent to which innovation reaches patients.

4.2.7. Equitable access and use
This was considered a key area of concern within the oncology ecosystem at present. Key issues already
highlighted as relevant to this domain include health literacy and information, as well as differential levels
of access to the best care. The current subdomains were felt to cover access well, but to provide less effective
coverage of issues related to equitable use. Gaps here to be addressed include trust, health literacy, social
determinants of health, cost of care, and socioeconomic status. These could all impact on the equitable use
of care across populations, beyond considerations of access as currently expressed in the subdomains
developed. Some of these factors could be captured more fully within the current structure. However, trust
and health literacy are not well covered at present and could be added to enhance our understanding of this
domain.

4.2.8. Outcomes
It was noted that the definition of outcomes is important, as we place value on the outcomes of the system.
The current mix of subdomains was felt to be effective at capturing many of the key outcomes within cancer
care itself, but it was highlighted that some wider outcomes outside cancer care may not be considered or
captured effectively. One issue raised was the cost of outcomes. For example, the impact on personal
finances is important, considering the potentially negative financial consequences, such as medical
bankruptcy, that can result from expensive care. It was also noted that health outcomes can occur outside
the cancer sphere, with mental health issues, such as anxiety and depression, raised as examples. Overall,
this suggests a need for a subdomain to capture the wider outcomes of the system for patients, beyond the
outcomes specific to cancer care. This could encompass financial and mental health issues, but also other
consequences, such as impacts on families and relationships, on careers, and on wider health issues.

4.3. Overall workshop reflections
Beyond these specific discussions on the domains, there were several important overarching issues and
considerations raised by participants at the workshop. One of these was future proofing – the need to
consider the changing oncology landscape and put in place metrics to measure performance against not just
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the needs of the system now, but the needs of the system 5, 10, or 20 years in the future. This also speaks
to the need to measure performance and consider not just where we expect the system to go in the future,
but also our preferred direction of travel, so we can take opportunities to course correct and move the system
in a desirable direction.
Accountability was also discussed, and the need for metrics to be actionable. Measures of performance need
to be designed to enable changes to be made to improve performance. Beyond this, it needs to be clear
which actors are responsible for making the changes that move the ecosystem in a positive direction.
The role of prevention was also highlighted as underserved and underutilized, both in terms of the
framework and subdomains developed, and in terms the current ecosystem itself. The focus is on patient
care and outcomes, but more reflection is needed on population health and outcomes, in order to reduce
the incidence of cancer and the burden of care and disease.
A key overarching point that received considerable support and consensus across participants was that there
is no one system in the US context at present. Rather, there are a set of interconnected subsystems to which
these domains apply that, in theory, need to work together to deliver different elements of healthcare
innovation and care. However, these different systems are not always working together effectively at the
moment, and they are complex and difficult to navigate. This is part of the reason for the issues we saw
emphasized in the workshop discussion – such as differential access to care, the need for patient health
literacy, and the bottleneck around translation from approval to implementation in care. The ecosystem,
therefore, is not one system, but, rather, a complex network of interconnected but not necessarily effectively
interacting subsystems that together provide the different elements of healthcare innovation and delivery,
with mixed effectiveness. Overall, across this complex and fragmented ecosystem, the key challenges we
observe in the ecosystem for oncology relate to making the best care accessible to all.
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5. Reflections on the oncology ecosystem and learning for the
wider health ecosystem

This exercise has demonstrated that the domains across the wider health ecosystem identified by Milken
Institute can be applied in the oncology system context. It is possible to conceptualize each domain within
oncology, and to identify indicators that may support measurement of performance of the ecosystem within
that domain.
However, we note that in oncology – and likely within other areas – each domain covers a few different
aspects of the ecosystem. To address this, we have developed a number of subdomains within each of the
domains, which relate to how the wider domain concept is applied in oncology. This is shown across all
domains in Figure 5.1. Some of these subdomains are oncology-specific, but many could be adapted and
used in other contexts. We find this subdomain structure useful to help cluster ideas and facilitate holistic
assessment.

5.1. Oncology subdomains and scorecard development
In developing these subdomains, we have taken an empirical, bottom-up approach based on the metrics,
real and potential, identified in the literature. Clustering these together around key issues and concepts, we
have identified the subdomains. This means that there may well be gaps in this subdomain structure – issues
outside of the measurement opportunities conceptualized in the literature, that may be important but are
less easy to measure. To help improve this structure, this indicator-led analysis was complemented by a
“problem-led” analysis at the expert workshop. This led to the addition of several new subdomains and to
some renaming and restructuring of existing domains. Specifically, we made the following changes to those
subdomains identified through the classification of metrics as summarized in Chapter 3, based on input
from the workshop (see Figure 5.1):
•

Capacity: Added “Capacity and health literacy of patients.” “Capacity of oncology care workforce”
– subdomain name unchanged but broadened to focus also on time they have for patients and their
capacity to take up new innovations.

•

Market environment: “Activity of the policy environment” changed to “Policy environment.”
Added “Population health environment.”

•

Collaboration and transparency: “Patient engagement” changed to “Effective communication
with patients.”
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•

Efficiency: Added “Effective prioritization of resources used.”

•

Patient-centricity: “Empowered patients” changed to “Effective support for patients at all levels of
health literacy.” “Patient outcomes” changed to “Patient outcomes and value.”

•

Innovation and productivity: “Innovative and evidence-based decisions” changed to “Widespread
implementation of innovations.”

•

Equitable access and use: Added “Access to appropriate and trusted sources of information” to
capture issues of health literacy and trust. “Access to care” changed to “Equity in access to care,”
with importance of cost issues noted. “Access to R&I” changed to “Equity in access to R&I.” Added
“Equity in use of available care.”

•

Outcomes: Added “Wider outcomes” to capture wider health, social, and financial outcomes for
patients.

Bringing together the indicators identified from the literature, with observations on key considerations to
be included from the workshop, we have developed a possible “scorecard” for the oncology ecosystem, as
shown in Figure 5.2. Indicators that are not necessarily readily available, and where additional work is
needed to develop appropriate data collection and analysis approaches, are in italics. Metrics that can be
implemented immediately are in standard text font. This scorecard has been developed based on
observations from the literature and the input of a diverse range of experts at the workshop. It is intended
to provide an overall picture of the performance of the oncology ecosystem at a general level. However,
there are multiple different ways in which a scorecard of this type could be implemented in different
contexts, and in each case, consideration would be needed of the intended purposes of the analysis and of
the metrics and measures that best serve those analytical needs. Therefore, there is no one perfect scorecard
to suit every use case; rather, this offers an overarching perspective that others can tailor to different
applications. It is also worth noting that although this is based on both the literature and the views of a
range of experts in the field, this scorecard is as yet untested. To explore its relevance, applicability, and
utility in a real-world context would require piloting of the metrics and refinement through practical
implementation and use.
Within the indicator set developed, we note that there is significant overlap between domains. Some
domains, such as Outcomes and Patient-centricity or Market environment and Capacity, are particularly
closely connected. In some cases, we have drawn somewhat arbitrary dividing lines between the domains,
and in others, we have allowed some overlap. The precise placement of metrics within domains could be a
source of significant discussion; however, we feel discussion is not likely to be productive. Metrics may serve
different purposes in different context and suggesting overlap can therefore add value. Furthermore, the
process of thinking across these domains is intended to help build a holistic picture of the ecosystem. Where
precisely within that ecosystem particular concepts and measure lie is therefore likely of secondary
importance.
We also note that some areas of measurement are significantly more mature than others. Notable in terms
of the sparsity of ready-to-use “now” metrics are the domains of Efficiency; Patient-centricity; Innovation
and productivity; and Outcomes, beyond clinical outcomes measures. Based on the evidence available and
our preliminary analysis, we suggest that areas that merit further investment to improve the availability of
data and insights could include:
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•

Cancer-specific evidence on patient-reported outcomes and experiences

•

Evidence on levels of patient engagement in R&I, and the extent to which the innovation process
is driven by patient needs and preferences

•

Evidence on innovation and productivity – particularly on innovative outputs and processes – for
oncology specifically

5.2. Key data sources for measurement
We also note a number of key data sources that inform metrics across several domains. In the US context,
the main sources of freely available datasets for oncology are the data collected as part of provision of services
through the Medicare12 and Medicaid 13 programs, the FDA datasets available through the OpenFDA
platform14; the patent data available through the US patent and trademark office’s PatFT 15; and the Survey
of Federal Funds for Research and Development, 16 which is the primary source of information on federal
funding for R&I in the USA. The National Cancer Institute (NCI) holds and provides access to 80+ datasets
covering a broad range of clinical data, epidemiological data, genomic datasets, and imaging data (among
others) in relation to oncology. 17 Additionally, data on mortality rates provided by the National Center for
Health Statistics and USCS datasets on incidence, prevalence, and survival rates for cancer are also relevant
(Centers for Disease Control and Prevention 2019a).
Within the “third sector,” Cancer Learning Intelligence Network for Quality (CancerLinQ)18, a non-profit
big data initiative led by ASCO, offers a source of data that could aid measurement of oncology-related
metrics across several domains. In contrast to other datasets mentioned, which are mainly available in the
public domain and free to use, CancerLinQ is a data analytics subscription service that uses a combination
of electronic health records (EHR) data and other sources, such as unstructured notes, documents, and
reports from multiple IT systems and oncology practices in the USA. 19 Such an approach is linked to
increased importance attached to precision medicine within oncology. This includes a trend toward
harnessing oncology health data in conjunction with big data analytics and cloud computing–powered
machine learning techniques (Sledge, Miller, and Hauser 2013; Tallent, Ewing, and Cockerham 2017). As
a result, private sector oncology clinical data companies, such as FlatIron, 20 Tempus, 21 and Cota, 22 have

12

https://data.medicare.gov/ (accessed 25 March 2020)

13

https://data.medicaid.gov/ (accessed 25 March 2020)

14

https://open.fda.gov/ (accessed 25 March 2020)

15

http://patft.uspto.gov/ (accessed 25 March 2020)

16

https://www.nsf.gov/statistics/srvyfedfunds/#tabs-2 (accessed 25 March 2020)

https://www.cancer.gov/research/resources/search?from=0&toolTypes=datasets_databases (accessed 25 March
2020)

17

18

https://www.cancerlinq.org/ (accessed 25 March 2020)

19

https://www.cancerlinq.org/about (accessed 25 March 2020)

20

https://flatiron.com/ (accessed 25 March 2020)

21

https://www.tempus.com/about-us/ (accessed 25 March 2020)

22

https://www.cotahealthcare.com/ (accessed 25 March 2020)

49

RAND Europe
emerged to provide data-led oncology healthcare solutions. Whether this will influence the importance of
clinical trial data in oncology and the extent to which these datasets will be useful for patients, clinicians,
and regulators is not yet fully established (Petrone 2018; Shaywitz 2018). Recognizing the increased
importance likely to be assigned to data-driven, personalized medicine–focused oncology innovations, the
FDA has formulated a framework for the use of real-world data (RWD) 23 and real-world evidence (RWE) 24
(US Food & Drug Administration 2018). This suggests increased availability of oncology-related datasets
in the future.
Of these datasets, the Medicare and Medicaid datasets are also available through the Centers for Medicare
& Medicaid Services (CMS), 25 which provides easy-to-access navigation to public datasets for both
programs. For Medicare and Medicaid, numerous data files are available covering a breadth of information,
including demographic data; utilization data for health services (also called claims data), which covers
reimbursement information or payment of bills; enrolment data; data on provider characteristics; and
patient assessments. Released at least annually, both the Medicare and the Medicaid datasets are available
in the form of downloadable CSV files and are considered by practitioners to be reliable and valid (Virnig
2018). The FDA datasets are likely to be informative to understand capacity, efficiency, and productivity
within the regulatory system and market environment in terms of post-market outcomes in relation to
oncology. The OpenFDA datasets are available in a zipped JSON format, which offers the data in a
structured, parsable object-value format. 26 The US PTO patent data, as briefly mentioned in the discussion
on the Market environment and Innovation and productivity domains are also available in public domain
after a time delay to protect intellectual property rights of the patent owners . The CancerLinQ datasets
are likely to be relevant for oncology practice benchmarking in the domains of Collaboration and
transparency, Efficiency, and Equitable access and use. Since the CancerLinQ datasets also build extensively
on EHR data, these datasets are also likely to be relevant for the metrics related to the domains of Efficiency,
Outcomes, and Patient-centricity. The ongoing work on Minimal Common Oncology Data Elements, or
mCODE, to establish a core set of data elements for oncology data sharing may prove relevant in this
context. 27 In addition to these datasets, the datasets collected through surveys, such as the NPB for oncology
and the ASCO State of Cancer Care in America, could also offer relevant data for such domains as Capacity,
Market environment, Efficiency, and Patient-centricity. However, as noted earlier in the working paper,
the NPB for Oncology survey does not appear to have been updated since 2017 and the datasets for the
State of Cancer Care in America survey appear to be available only via subscription.
Apart from the group of datasets including NCI datasets, the USCS datasets, and the CancerLinQ data
platform, the main challenge with the other datasets is the volume of data available and their lack of

Real-world data (RWD) are data relating to patient health status and/or the delivery of healthcare routinely collected
from a variety of sources (US Food & Drug Administration 2018).

23

Real-world evidence (RWE) is the clinical evidence about the usage and potential benefits or risks of a medical
product derived from analysis of RWD (US Food & Drug Administration 2018).
24

25

https://dnav.cms.gov/ (accessed 25 March 2020)

26

https://www.json.org/json-en.html (accessed 25 March 2020)

27

http://mcodeinitiative.org/ (accessed 25 March 2020)
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specificity in relation to oncology. Oncology-specific data need to be filtered and extracted from such
datasets to be relevant in practice for assessing or measuring the oncology ecosystem. Due to commercial
restrictions, the patent data available on US PTO and the datasets available on OpenFDA may not reflect
the latest data on oncology-related patents and drugs at any given time. Vis-à-vis the Medicare and Medicaid
datasets, the main challenges include insufficient diagnosis information, inconsistencies in coding inpatient
and outpatient settings, and limited clinical information on specific tests (e.g. blood pressure, pulse,
pathological tests) (Virnig 2018). As Virnig (2018) highlights, the Medicare and Medicaid datasets are
generally more reliable for information that impacts payments. Additionally, there may be some differences
in the datasets due to jurisdictional differences in payment rules; different state practices in capturing and
reporting data (along with the IT systems used); and variations in reimbursement practices for Medicaid in
different US states (Centers for Medicare and Medicaid Services n.d.).

5.3. Extending the scorecard beyond oncology
The extent to which metrics are generalizable and applicable across and beyond oncology is likely to vary.
Cancer is not one condition – it comprises a wide range of different conditions, care pathways, innovation
types, and patient experiences. The metrics captured here are intended to be broadly applicable to most
contexts. However, analysis of data at the cross-oncology level will offer some, if possibly limited, insights
on the status of the ecosystem. For example, just because there is sufficient care workforce capacity in
oncology as a whole, this does not mean that there are no gaps in capacity in particularly specialties within
that. Similarly, there may be subdomains or specific metrics that are important for some cancers that are
not captured in this wider-level assessment. However, measuring at a granular level immediately generates
challenges in data availability. We have already found that identifying datasets that are specific to oncology
can be challenging in some domains, with more general information (e.g. on VC investment) being more
readily available. Similarly, we anticipate that collecting condition-specific metrics – looking at specific
cancers, for example – may be even more difficult.
Reflecting on the status and performance of the oncology ecosystem, we identify challenges that are broadly
similar to those across the wider healthcare landscape, although specific in their application. Such issues as
the bottleneck in R&I productivity – particularly pharma – pervade across different health conditions. In
cancer, some of the issues identified by Scannell et al. (2012) seem particularly pertinent, such as the “throw
money at it” problem and the issues around narrow clinical searches being exacerbated by multi-center
trials. The main challenges related to the oncology ecosystem within the USA are the changing
demographics of America’s population, the growing demand for oncology care due to a population that is
living longer; affordability and accessibility to cancer care in an equitable manner; adequate resourcing of
R&I activities; and perceived bottlenecks in drug approval and post-market evaluation processes related to
oncology (American Society of Clinical Oncology 2017; Charlton et al. 2015; Yabroff et al. 2019). The
challenges in implementing innovation in a health context are common to oncology as seen more widely,
with limited ownership of innovation within the healthcare delivery sector and low engagement of clinicians
in R&I (Marjanovic et al. 2020). We also see a limited focus on patient-centricity – or at least that is what
is reflected in available measurement tools, although care delivery is likely mixed in this regard.
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From a broader ecosystem perspective, the emergence of big data capabilities within oncology, increasing
prominence being given to personalized medicine, the emphasis on interoperability in EHR datasets, and
improvements in the payment systems indicate a potentially disruptive innovation landscape, not only in
relation to oncology, but also in relation to wider health innovation (Anderson, Quina, and Schintzer 2019;
Office of the National Coordinator for Health Information technology 2019; US Food & Drug
Administration 2018). Effectively harnessed, these trends could facilitate better use of RWD and RWE for
measuring the domains and subdomains identified in this working paper.
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Figure 5.1 Map of oncology domains and subdomains

Source: RAND Europe
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Figure 5.2 Overarching scorecard for oncology ecosystem performance
Capacity

Number of oncologists
Number of new entrants in oncology
Total drug revenue
Oncologists' visit capacity relative to demand for
oncologist visits
Financial value of research investments by academic
institutions
Number of active oncology researchers
Average health literacy of population

Market environment

Number of new oncology treatments receiving
regulatory approval
Oncology drug prices
Orphan treatments developed and approved per year
Annual venture capital investment
Biotech firm formation levels
Research-active medical staff in oncology practice
Number and scope of new policy measures
Overall population health status
Value to payers, providers, and manufacturers
Access to drugs that are not considered clinically
effective or cost effective

Collaboration and transparency

Cancer data capture
Number of pharma–pharma partnerships
Number of people participating in clinical trials each
year
Partnerships between academic researchers and
community clinicians
Quality Oncology Practice Initiative participation and
performance
Data sharing from clinical trials
Data sharing and standardization across care
providers
Patient satisfaction with and understanding of
information provided to them on their care
Ability of patients to share their data for research
purposes

Efficiency

Number of new interventions brought to market per
billion US dollars of R&D spending
Cycle time: period of time in clinical development for
a new intervention
Physician work relative value units (wRVUs).
Costs of cancer care
Proportion of care and R&I costs allocated using
evidence-based prioritization methods
Time from diagnosis to surgery or first treatment
Time from presentation to primary care practitioner
(PCP) to initial testing
Overall time from first protocol submission to final
medicines regulatory approval

Patient-centricity

Innovation and productivity

Equitable access and use

Outcomes

Hematology/oncology (HemOnc) capacity ratio for
350 new patients
Consumer involvement in cancer research
Patient-reported experience measures (PREMs)
Patient activation measure (PAM)
Patient Health Engagement Scale (PHE-scale)
Value for patients
Patient satisfaction with and understanding of
information provided to them on their care

Approvals of oncology new molecular entities (NMEs)
and other interventions by the FDA
Proportion of care that reflects latest clinical guidelines
Percentage of research spending used to fund external
innovation
Work relative value unit (wRVU) per full-time
equivalent (FTE) hematology/oncology physician
work relative value unit (wRVU) per full-time equivalent
(FTE) Nonphysician practitioner (NPP)
Cost of capital per drug/intervention development
Return on R&D investment
Human health return (on investment terms) per dollar
of R&D investment

Percentage of population under 65 without health
insurance (by geography, race, sex, age, sexual
orientation, marital status)
Number of oncology specialists per 100,000
population (by state/region)
Number of research-active hospitals (per 100,000
population, geography)
Proportion of adults receiving cancer screening based
on the most recent guidelines (by geography, sexual
orientation, race, age, family type, country of birth)
Access to clinical trials (by gender, race, age,
geography, socioeconomic status)
(Relative) survival rates (by cancer type, geography,
demographic characteristics)
Stage at diagnosis (by geography, demographics)
Variation in quality of care indicators (by census
division, race, hospital type)
Percentage of patients treated according to NCCN
guidelines (by geography, sex, race, income)
Trust in practitioners and information provided
Availability of information tailored to needs and
health literacy

Prevalence and mortality rates
Disease-free survival (DFS) or progression-free survival
(PFS), median overall survival (OS), recurrence rate,
and quality of life
Patient-reported experience measures (PREMs)
Patient activation measure (PAM)
Patient Health Engagement Scale (PHE-scale)
Value for patients
European Quality of Life-5 Dimensions (EQ-5D)
ASCO value framework: clinical benefit score and
toxicity score
Wider health status during and following treatment
(e.g. mental health)
Financial status and security of patients during and
after treatment
Social, emotional, and relationship status of patients
during and after treatment

Source: RAND Europe analysis
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Annex A. Methods

The team has undertaken an accelerated evidence review to capture and summarize the existing literature
regarding metrics that measure elements of the oncology ecosystem. This has been informed primarily
through a rapid literature review, which capitalizes on existing comprehensive reviews, publications, and
gray literature known to the research team through previous work. This has been complemented by targeted
additional searches on known literature in the area, as well as “snowballing,” or identification of references
within relevant publications. The review has primarily focused on the US context – particularly with regard
to analysis of data availability – but brings in examples from a wider international context where relevant.
The analysis and literature have also been informed by a series of semi-structured interviews with experts,
who have provided additional, in-depth information and who have helped identify further significant work
and publications to form part of the project’s literature review. Experts have been identified based on the
existing networks of the research team and in close collaboration with the Milken Institute.
The study is underpinned by the eight domains identified by the Milken Institute, working collectively
with RAND Europe, in the previous stage of the work. We conducted literature searches targeted around
these domains, as well as cross cutting searches on oncology innovation metrics in general.
Finally, the analysis was supplemented by a workshop with experts spanning the oncology ecosystem.

A.1. Literature review
Literature searches were targeted around the eight domains, with searches conducted in Google Scholar.
Search strings used are set out in Table A.1 below. These searches were supplemented by snowballing and
through input from interviews.
Table A.1 Search terms
Search category

Relevant search terms

Capacity

capacity, funding, training, resources

Market environment

market environment, research funding, drug approval, drug affordability,
patient access, skilled resource availability, route-to-market, access-to-market,
R&D

Collaboration and transparency

partnership, collaboration, data sharing

Efficiency

efficiency, translation

63

RAND Europe
Search category

Relevant search terms

Patient centricity

patient centricity, patient input, patient participation, patient data

Innovation and productivity

innovation, productivity, networks, pipeline, improvements, improved
outcomes, R&D, venture capital, research intensity

Equitable access and use

equitable access, equity, patient access, patient use, treatment access, uptake

Outcomes

outcomes, approach, mechanism

Biomedical innovation

biomedical, biomedical innovation, innovation

Oncology

oncology, oncology care, oncology research, oncology healthcare, cancer,
cancer care, cancer research, cancer treatment, cancer healthcare

Ecosystem

ecosystem, system

Indicators

metric, measurement, indicator, measure, benchmarking, assessment, guide

Datasets

Data, dataset, datasets, data source, data sources, database, databases,
datasource, datasources

Other terms

drug, drugs, research, patient, healthcare, delivery

Source: RAND Europe

We grouped together these search terms to run a series of targeted searches in Google Scholar and Google
to obtain a set of relevant articles, focusing on peer-reviewed journal articles and conference publications.
Table A.2 provides the indicative grouping of search terms, variations of which were used to identify the
relevant articles.
Table A.2 Indicative grouping of search terms 28
Domain

Indicative search strategy based on search categories

Capacity

[Oncology] AND [Biomedical innovation] AND [Ecosystem] AND [Capacity] AND
[Indicators] AND/OR [Datasets] AND/OR [Other terms]

Market environment

[Oncology] AND [Biomedical innovation] AND [Ecosystem] AND [Market
environment] AND [Indicators] AND/OR [Datasets] AND/OR [Other terms]

Collaboration

and

[Oncology] AND [Biomedical innovation] AND [Ecosystem] AND [Collaboration

transparency

and transparency] AND [Indicators] AND/OR [Datasets] AND/OR [Other terms]

Efficiency

[Oncology] AND [Biomedical innovation] AND [Ecosystem] AND [Efficiency] AND
[Indicators] AND/OR [Datasets] AND/OR [Other terms]

Patient centricity

[Oncology] AND [Biomedical innovation] AND [Ecosystem] AND [Patient
centricity] AND [Indicators] AND/OR [Datasets] AND/OR [Other terms]

The search strategy is indicative and differed depending on the domain-specific searches conducted by the study
team. In particular, the search categories [Datasets] and [Other terms] were used flexibly to augment the search results.
The use of AND/OR in the search strategy is intended to signify the bespoke approach to search string formation
adopted by the study team based on the nature of the search results yielded by Google and Google Scholar.
28
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Domain

Indicative search strategy based on search categories

Innovation and productivity

[Oncology] AND [Biomedical innovation] AND [Ecosystem] AND [Innovation and
productivity] AND [Indicators] AND/OR [Datasets] AND/OR [Other terms]

Equitable access and use

[Oncology] AND [Biomedical innovation] AND [Ecosystem] AND [Equitable access
and use] AND [Indicators] AND/OR [Datasets] AND/OR [Other terms]

Outcomes

[Oncology] AND [Biomedical innovation] AND [Ecosystem] AND [Outcomes] AND
[Indicators] AND/OR [Datasets] AND/OR [Other terms]

Source: RAND Europe

We screened, reviewed, and analyzed the evidence from identified publications as follows:
•

Screening: Typically, we screened the first 100 papers by relevance for each search and
identified those that are most relevant to the aim of this review – particularly those that
articulate specific indicators or metrics that have been used or proposed. We prioritized papers
based on year of publication (with more recent publications, e.g. in the past ten years,
prioritized) and geographical location (with work from the USA and comparable R&I systems
prioritized). We only reviewed publications written in English. Following initial screening
based on title and abstract, we then reviewed the full texts of relevant papers.

•

Extraction: Researchers recorded data about each reviewed paper (those initially known by
the research team, plus additional papers identified), including general information on the
publication, information on the key study questions it addresses, and evidence it presents in
relation to the issue under analysis (e.g. regulatory environment, ecosystem). Metrics identified
were captured in an Excel sheet.

•

Analysis: We mapped relevant evidence against the domains to identify the main indicators
and findings of relevance. We synthesized the evidence in this paper using a narrative synthesis
approach.

A.2. Interviews
To supplement our review of the literature, we also conducted interviews with experts. The aim of these
interviews was to help target our searches better, identify relevant literature, and capture gray literature or
information available in other sources that may not have been easily identified through our searches (e.g.
on organizational web pages). All interviews were conducted by telephone. Interviews lasted between 30
and 60 minutes and were unstructured to enable issues of relevance to the individual in question to be
explored as required, since everyone had different expertise and knowledge. Consent was sought in line with
EU General Data Protection Regulation requirements.

A.3. Workshop
A four-hour workshop was held in Washington, DC, on 24 February 2020. The workshop was attended
by a mix of stakeholders across the oncology ecosystem, including policymakers, healthcare professionals,
patient advocacy groups, oncology practice bodies, and data specialists. The purpose of the workshop was
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to discuss the challenges in the oncology ecosystem, the applicability of and refinements to the framework
developed, and how it could be used in practice. The agenda for the day is provided below.
Table A.3 Agenda for the workshop
Time

Description of the workshop activity

10:0010:10

Esther Krofah, Executive Director, FasterCures
Edward Greissing, Executive Director, Milken Institute for Public Health
Welcome and project goals

10:1010:20

Clifford A. Hudis, MD, FACP, FASCO, CEO ASCO
Jeffrey Allen, PhD, President and CEO, Friends of Cancer Research
Why does a project of this scope and nature matter?

10:2010:25

Claire Sheahan, Consultant to the Milken Institute

10:2510:45

Icebreaker and personal introductions: Your name, your organization, and one word that describes
a high-performing oncology ecosystem.

10:4511:15

Sue Guthrie, PhD, RAND Europe

11:1511:45

Exercise at table: (Write down) Can you think of an example area of high or low performance for
patients in oncology? One area where the system is not working for patients, or a great real-life
example of where the system has reduced or removed barriers and improved performance?

What are our goals for today’s session? Review schedule, outcomes, and outputs, set up introductions.

Project overview: What have we learned about how performance of the biomedical system is
evaluated, understood, and measured? What systems exist? What are the gaps? What has been
done by FasterCures and others to fill the gaps? If we identify the characteristics of an ideal health
system, what are they? Review oncology-specific domains and identified subdomains.

Review the list of domains at the table. Which domains are relevant to your example? Discuss.
Request two examples to be shared.
11:4512:30

Breakout: Each table has two domains, one worksheet, with questions, such as: In oncology, where
are we closest and furthest from the ideal goal of each domain? What would you want to measure to
know in each domain? Where are we likely to be able to track and see positive results? What will be
easy to measure? What will be hard to measure? What stakeholders might you need to get on board?

12:301:00

Each table shares their findings.

1:001:30

Lunch

1:301:45

Personal reflections – worksheet: How might this framework be used by your organization or others?
How might you use the types of information this framework would capture – what could it do for you?
What’s the one thing you really want to know/measure? How could we make this most useful for your
needs and context?

1:452:00

Closing and next steps

Source: FasterCures/The Milken Institute

For the purposes of the breakout sessions, participants were grouped into six tables, each reflecting a range
of different perspectives. A notetaker from the Milken Institute was present at each table. Worksheets were
collected from the participants at the end of the session. These were analyzed, together with the notes from
each table from the assigned notetakers, using a framework synthesis approach.
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Annex B. Detailed summary of metrics
B.1. Capacity
Table B.1 Detailed summary of the Capacity indicators
Subdomain

Indicator

What does it capture?/Why is it important?

Source

Timeline

Capacity of
oncology care
workforce

Full-time equivalent (FTE) physicians

These metrics are used in the NPB survey, which benchmarks
practices and measures performance across all spectrums of
oncology business lines.
Shortage of oncologists is an indicator of insufficient capacity.

Balch, Ogle, and
Senese (2016)

Now

Workforce shortages
Age of workforce

Average age of general population and number of
people aged over 65

Number of oncologists

Number of new entrants in oncology
National cancer incidence and prevalence
estimates
Financial and
infrastructure
capacity

Cost of goods paid for (COGPF; also known as cost
of drugs)

Levit et al. (2010)

This could give an indication of how many people are expected
to retire in the next X years. It could also give an indication of
productivity, as oncologists younger than age 45 years are less
productive than those aged 45 to 64 years.
This could give an indication of how demand for cancer care may
rise in the future as a result of the aging population. Over-65s
make twice as many physician visits as under-65s, and the
incidence of cancer is far higher among elderly than among
younger individuals.
By looking at national databases, one can acquire data on the
number of oncologists within a country, which is an indicator of
the supply of oncology care.
The number of oncologists currently in training can be used to
predict the future supply of the workforce.
Data on new cancer cases and data on cancer survival rates
could be used to measure and predict the demand for oncology
care.
These metrics are used in the NPB survey, which benchmarks
practices and measures performance across all spectrums of
oncology business lines.

Total drug revenue
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Kirkwood et al.
(2013)

Balch, Ogle, and
Senese (2016)

RAND Europe
Capacity of
oncology care
workforce

Total work relative value units (wRVUs

Number of new patients
Number of patient visits
Demand for oncologist visits
Oncologists' visit capacity
Number of oncology practices in comparison with
other practices
Capacity of oncology care providers to provide
psychosocial support
Research
investment

Number of research investments by academic
institutions

Financial value of research investments by
academic institutions

Research investment relative to disease burden as
measured by mortality, DALYs, and YLDs
Amount of cancer research funding
Number of active oncology researchers

These metrics are used in the NPB survey, which benchmarks
practices and measures performance across all spectrums of
oncology business lines.
These metrics are used in the NPB survey, which benchmarks
practices and measures performance across all spectrums of
oncology business lines.
Number of annual oncologist visits needed would indicate the
demand in oncology workforce.
Number of annual oncologist visits would indicate the oncology
workforce supply.
National Oncology Benchmark Study. Most recent update from
2017, with 2016 data.
Scores represent individuals' perceptions of their cancer
program's performance with respect to ten fundamental elements
of psychosocial care.
Investment in research is critical to the biomedical innovation
ecosystem. Measures of the number of cancer research
investments are an indication of the extent to which different
cancers are a priority.
Investment in research is critical to the biomedical innovation
ecosystem. Measures of the value of cancer research investments
are an indication of the extent to which different cancers are a
priority.

Balch, Ogle, and
Senese (2016)

This is the percentage of the budget of cancer centers and
hospitals that is allocated to cancer research funding.
The number of academic researchers working in the field of
oncology as captured in data on R&I workforce could be
analyzed bibliometrically or through an analysis of funding
databases. Workforce data is not sufficiently granular for this
analysis.

Greenberg et al.
(2005)
Deshpande et al.
(2019)

Source: RAND Europe
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Balch, Ogle, and
Senese (2016)

Zebrack et al.
(2016)
Maruthappu et al.
(2017)

Future

Oncology ecosystem metrics

B.2. Market environment
Table B.2 Detailed summary of the Market environment indicators
Subdomain

Indicator

What does it capture?/Why is it important?

Source

Timeline

Pace of
oncology R&I

Number of drugs in the market

Pace of oncology R&I

Liu, Thomas, and
Felder (2019)

Now

Number of drugs approved through accelerated
regulatory pathways
Oncology drug prices
Cost per prescription for oncology drug

Speed to market/shortened clinical development time

Baird et al. (2014)

Oncology drug market ecosystem

Mitka (2012)

Pricing of approved biosimilar drugs

Market environment and competition

Total medical revenue

Metrics to benchmark oncology practice in a regional and
national context

Renwick et al.
(2016)
Towle, Barr, and
Senese (2013)

Number of NME approvals
Number of biology approvals

Market size and
costs

Total drug revenue
Cost of drugs
Reimbursement general/reimbursement for
participation in clinical trials

Innovative
capacity and
activity
Pace of
oncology R&I

Orphan drugs developed per year

Number of drugs in combination trials

Database: LifeLink (Information Medical Statistics i.e. IMS Health)
Health Plan Claims Database – comprehensive database of
medical claims in the USA; paid claims data (commercially
insured population)
Approvals by the US Food and Drug Administration – captures
what disease area is most focused on and for what patient
population size
Pace of oncology R&I

Number or type of accelerated regulatory pathways
available

Speed to market/shortened clinical development time

Rate of orphaned drug development (i.e. drugs that
did not reach the market) across various stages of
the process

Innovation capacity outcomes in the market
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Kamel et al. (2017)

Braun et al. (2010)

Liu, Thomas, and
Felder (2019)
Baird et al. (2014)

Deshpande et al.
(2019)

Future
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Subdomain

Indicator

What does it capture?/Why is it important?

Source

Timeline

Innovative
capacity and
activity

Annual VC investment

Investment in innovative capacity

Chakma, Sammut,
and Agrawal
(2013)

Future

Biotech firm formation levels

Market health and activity

Patent-filing activity

Innovation capacity outcomes

FDI flows by MNC pharma firms in different markets
(developed/emerging)
Government investment or funding allocation to
different parts of the oncology ecosystem (including
research, drug development, drug approval, and
translational research)
Research-active medical staff in oncology practice

Market health and activity

Mobility between oncology-related sectors (e.g.
academia, industry, clinical practice, regulatory)
Number of inter-firm alliances

Indication of “health” of the sector in terms of skills and training

Connectivity of organizations in inter-firm alliances

Whether and how actors are connected to one another through
the network in the market – structural position of actors, extent of
constraints and opportunities
Costs relative to consumer price index; drug costs; cost of anticancer treatment
Cost of cancer healthcare to insurance providers; reimbursement
to treating providers; out-of-pocket costs to patients
Commercial success of the drug; price of the drug; patient access
to the drug
Patients' clinical outcomes, experience, and financial outcomes;
provider's own professional satisfaction; provider practice's
(business) success
Oncology drug market ecosystem

Scope of market
networks

Market size and
costs

Healthcare expenditure on oncology in the USA
Value to payers
Value to manufacturers
Value to providers

Patients' co-insurance rate per drug
Access to drugs that are not considered clinically
effective or cost-effective
Affordability of drugs that are considered to be costeffective

Investment in academic research

Internal team
discussion

Scope within the health system to engage in and conduct research

Deshpande et al.
(2019)
Deshpande et al.
(2019)
Gay (2008)

Market value of pharma alliances

Market environment and competition
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Nabhan, Phillips,
and Feinberg
(2019)

Mitka (2012)

Renwick (2016)
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Subdomain

Indicator

Market size and
costs

Market uptake of approved biosimilar drugs

Activity of the
policy
environment

What does it capture?/Why is it important?

Source

Cost of oncology care treatment

Cost of cancer healthcare to healthcare providers and patients

Prescription rates for cancer care pathways
specified by the insurer
Total practice expense per full-time equivalent (FTE)
hematology/oncology (HemOnc) physician
Total practice expense less cost of goods paid for
per full-time equivalent (FTE) hematology/oncology
(HemOnc) physician
Total operating expense per full-time equivalent
(FTE) hematology/oncology (HemOnc) physician
Total revenue per full-time equivalent (FTE)
hematology/oncology (HemOnc) physician
Total medical revenue per full-time equivalent (FTE)
physician
Total medical revenue per full-time equivalent (FTE)
staff
Total medical revenue less radiation oncology
revenue per full-time equivalent (FTE)
hematology/oncology (HemOnc) physician
Total revenue per established patient visit (office
and hospital; practices)
Annual compensation per full-time equivalent (FTE)
nonphysician practitioners
Drug revenue per full-time equivalent (FTE)
hematology/oncology (HemOnc) physician

Actual therapeutic benefits
Survival rates
Metrics to benchmark oncology practice in a regional and
national context

Teckie, McCloskey,
and Steinberg
(2014)
Polite, Page, and
Nabhan (2016)
Towle, Barr, and
Senese (2013)

Number of cancer awareness campaigns issued by
national health authority

Number of active policy measures/guidances on
smoking cessation/ban/restrictions
Source: RAND Europe

Timeline
Future

Drug revenue is defined as total collected revenue for all drugs
purchased and administered by the practice in the 12-month
period
Indication of how active the health authorities are

Indication of the policy environment
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Internal team
discussion on
metrics about the
policy environment
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B.3. Collaboration and transparency
Table B.3 Detailed summary of the Collaboration and transparency indicators
Subdomain

Indicator

What it captures/why is it important?

Source

Timeline

Clinician
engagement in
research

Partnerships between academic researchers and
community clinicians

Such partnerships enable the testing of interventions that can
prevent or detect cancers in large populations of healthy or at-risk
individuals over extended periods of time. Different metrics
capture the extent and quality of collaboration.

McKinney, Weiner,
and Carpenter
(2006);
supplemented by
internal team
discussions

Now

The Quality Oncology Practice Initiative (QOPI) not only
represents a metric for measuring quality, but also serves as a
springboard for comprehensive and collaborative quality
improvement across independent but mutually committed
practices.
Percentage of hospitals submitting all required data on cancer
diagnosis and treatment on time.
indicators of success through shared investments.

Siegel, Clauser, and
Lynn (2009)

Indications of collaboration – between companies or with
academia.

Team discussion

Indicator of how many cancer specialists are working together to
develop new cancer treatments. The COG has 5,000 members.
Indicator of how much research is being done in the field of
oncology. It measures how much RWD is used.

O'Leary et al.
(2008)

DICOM is a standard for handling, storing, printing, and
transmitting information in medical imaging. A DICOM file
contains patient identification, site of origin, attributes of the
image inclusive of pixel size, and the image itself.

Moore et al. (2012)

Co-authorship on research publications
Co-funding of research awards
Co-registration of clinical trials
Collaboration in
care delivery

Quality Oncology Practice Initiative

Generating and
sharing data
Industry
collaboration

Cancer data capture
Number of pharma–pharma partnerships

Co-authorship on research publications
Co-registration of clinical trials
Patient
engagement

Generating and
sharing data

Membership in research organizations, such as the
Children's Oncology Group (COG)
Number/percentage of patients enrolled in clinical
trials
Number of people participating in clinical trials
each year
Digital Imaging and Communications in Medicine
(DICOM)
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Greenberg et al.
(2005)
Wang, Plump, and
Ringel (2015)

Future
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Subdomain

Indicator

What it captures/why is it important?

Source

Timeline

Generating and
sharing data

Extent to which DICOM is used for the encoding
and interchange of clinical trial results
Data sharing from clinical trials

DICOM is the ubiquitous standard for the interchange of images
for both clinical use as well as research.
Transparency and reproducibility of clinical trial data has been
said to be crucial for the effectiveness of clinical trials.
Some pharmaceutical firms have, controversially, withheld
information from clinical trials. Due to criticism, some have
responded with initiatives to make more information available.
This involves network analysis of MassCONECT, a network that
brought relevant stakeholders – academics, policymakers,
community leaders, and other representatives from communitybased coalitions, media, and local and state government –
together to reduce and eliminate cancer disparities.

Clunie (2007)

Future

Commitments of pharmaceutical companies to share
clinical trial data
Overarching
network
measures

Network density: the proportion of potential
connections that were reported by network members

Network centralization: the extent to which the
network is focused around a small number of
members
Network-level reciprocity: the proportion of
connections that were reported by both members in
a given pair
The number of connections a given member has in
the network
Frequency with which a member serves as the most
efficient way for other members to connect
Source: RAND Europe
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Baker et al. (2010)
Loder (2013)

Ramanadhan et al.
(2012)
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B.4. Efficiency
Table B.4 Detailed summary of the Efficiency indicators
Subdomain

Indicator

What does it capture?/Why is it important?

Source

Timeline

Cost efficiency
in R&I

Number of new drugs brought to market by the
global biotechnology and pharmaceutical industries
per billion US dollars of R&D spending
Cycle time – period of time in clinical development
for a new drug
Publication or citation per dollar invested in
research

Efficiency of pharma company investment.

Scannell et al.
(2012)

Now

Time efficiency of clinical trials.

Scannell et al.
(2012)
Guthrie et al.
(2016)

Cost efficiency
in care delivery

Revenue, costs, and drug margins per full-time
equivalent (FTE) hematologist/oncologist
Net drug revenue per full-time equivalent (FTE)
HemOnc
Number of patient visits per FTE HemOnc

Could include other outputs, such as patents. Potentially
problematic indicator as may drive incremental rather than
innovative research but provides some indication of academic
research productivity and efficiency.
Cost efficiency.

Barr and Towle
(2016)

Physician wRVUs
Practice cost and practice revenue per FTE staff
Total revenue and total operating expense per FTE
HemOnc
Costs of cancer care

Participation in (and outcomes of) Oncology Care
Model (OCM)

Total practice expense less physician compensation

Costs of cancer care are rising more rapidly than other
specialties, with substantial regional differences in quality and
cost.
The Centers for Medicare & Medicaid Services (CMS) Innovation
Center recently launched the Oncology Care Model (OCM),
which uses payment incentives and practice redesign
requirements toward the goal of improving quality while
controlling costs.

Kline et al. (2017)

Metrics to benchmark oncology practice in a regional and
national context.

Towle, Barr, and
Senese (2013)

74

Future

Oncology ecosystem metrics
Subdomain

Indicator

What does it capture?/Why is it important?

Source

Timeline

Cost efficiency
in care delivery

Net medical revenue per full-time equivalent (FTE)
hematology/oncology (HemOnc) physician

Medical revenue net of the cost of the drugs.
Metrics to benchmark oncology practice in a regional and
national context.
The cost of drugs must be subtracted from top-line gross revenue
to accurately understand the revenue structure of the practice.
Although still commonly done, reporting total revenue other than
as net of the cost of drugs is misleading and is a gross distortion
of medical oncology practice economics.

Towle, Barr, and
Senese (2013)

Future

Established office patient visits per full-time
equivalent (FTE) hematology/oncology (HemOnc)
physician
Established hospital patient visits per full-time
equivalent (FTE) hematology/oncology (HemOnc)
physician
Net operating expense per full-time equivalent (FTE)
hematology/oncology (HemOnc) physician
Net drug revenue as a percentage of cost of goods
paid for (COGPF)
Net drug revenue as a percentage of total medical
revenue
Net drug revenue as a percentage net medical
revenue (less radiation oncology revenue)

Metrics to benchmark oncology practice in a regional and
national context.

Net drug revenue per full-time equivalent (FTE)
hematology/oncology (HemOnc) physician

Net drug revenue is total drug revenue less COGPF and is a much
more realistic way to look at revenue from drugs available for
practice operations.
Efficiency in delivery of care. Likely varies by cancer.

Time efficiency
in care delivery

Time from diagnosis to surgery or first treatment
Time from surgery to commencing adjuvant therapy
(where appropriate)
Time from presentation to Primary Care Practitioner
(PCP) to initial testing
Time patient waits for admission for planned
surgery

Bilimoria et al.
(2009)
Young et al. (2014)
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Subdomain

Indicator

What does it capture?/Why is it important?

Source

Timeline

Time efficiency
in R&I

Time taken for cancer drugs to pass through
different trial stages – process marker approach

Efficiency of different translational stages.

Wason and Jaki
(2016)

Future

“Knowledge turnaround” time

Knowledge turns are indicators of the time it takes for an
experiment to proceed from hypothesis to results and then lead to
a new hypothesis and a new result.
Indication of time lags in knowledge generation and translation.
Typical estimates across conditions on the order of 15–20 years.
Indication of efficiency of regulatory process.

Grove (2005)

Time from research funding allocation to citation on
a clinical guideline
Overall time from first protocol submission to final
medicines regulatory approval
Average time from first world application for market
authorization to approval in market
Source: RAND Europe
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Hanney et al.
(2015)
Deshpande et al.
(2019)
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B.5. Patient-centricity
Table B.5 Detailed summary of the Patient-centricity indicators
Subdomain
Empowered
patients
Patient access

Patient and
public
involvement and
engagement
Patient
outcomes

Indicator

What does it capture?/Why is it important?

Source

Timeline

Shared decision making (SDM) through the Control
Perception Questionnaire (CPM)

Uses a five‐item Likert scale to measure whether the decision‐
making process was perceived as primarily patient‐driven,
shared, or primarily physician‐driven.
These are metrics to benchmark oncology practice both in a
regional and in a national context.

de Mik et al. (2018)

Future

Survey conducted by market research agency, data available for
2017–2018 and 2018–2019; worldwide data available.

MENAFN.COM
(2019)

Consumer involvement in cancer research

Consumer research centers (only UK- and Australia-based).

Arain et al. (2015)

Patient Reported Experience Measures (PREMs)

This is a self-reported indicator.

Patient Activation Measure (PAM)

This is a self-reported indicator.

Patient Health Engagement Scale (PHE-scale)

This is a self-reported indicator.

European Quality of Life-5 Dimensions (EQ-5D)

European Quality of Life-5 Dimensions (EQ-5D) instrument
combines questionnaire responses into a single utility estimate
using country-specific value sets.
This captures: actual therapeutic benefits, survival rates, ability to
retain employment, sexual function, the impact of cancer and
survivorship on family and caregivers.

Narbutas et al.
(2017)
Hibbard et al.
(2004)
Graffigna et al.
(2015)
Matter-Walstra et al.
(2014)

Hematology/oncology (HemOnc) capacity ratio for
350 new patients
New radiation oncology (RadOnc) patients per fulltime equivalent (FTE) RadOnc physician
Average daily treatments per full-time equivalent
(FTE) radiation oncology (RadOnc) physician
Total treatments per year per full-time equivalent
(FTE) radiation oncology (RadOnc) physician
Corporate reputation of the pharmaceutical industry
from the cancer patient’s perspective

Value for patients

Source: RAND Europe
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Towle, Barr, and
Senese (2013)

Nabhan, Philips,
and Feinberg
(2019)

RAND Europe

B.6. Innovation and productivity
Table B.6 Detailed summary of the Innovation and productivity indicators
Subdomain

Indicator

What does it capture?/Why is it important?

Source

Timeline

R&D
productivity
Innovative and
evidence-based
decisions

Approvals of oncology New Molecular Entities
(NMEs) by the FDA or EMA
Shift in pipelines toward innovative and
differentiated mechanisms, exploiting new pathways
and targets
Shifts in pipeline toward compounds with clearer
mechanistic hypotheses, based on targets supported
by human data (e.g. genetics)
Decision making as defined by Go/No-Go
experiments in early development based on quality,
hypothesis-driven experiments or predictive
biomarker data
Percentage of research spending used to fund
external innovation
Number of IP-generating external collaborations

Measure of productivity

Panteli and Edwards
(2018)
Wang, Plump, and
Ringel (2015)

Now

Percentage of research spend or number of
investments made with venture or other equity
partners
Patient satisfaction (including emotional wellbeing)

Indicator of the long-term value of innovation

Financial success of the healthcare system in which
physicians operate

Measure of physician productivity; since innovation is associated
with financial gain to the system, this is also potentially an
indicator of innovation

Availability or implementation of weighted-variable
compensation scheme for physicians

Availability of financial incentive schemes based on improved
performance are considered to increase productivity in the US
healthcare system

Average daily treatments per physician

Measure of physician productivity (correlated with wRVU).

Innovative
partnerships

Productivity in
care delivery

Quality measure of R&D innovation and productivity

Measures for “pipeline value” leading indicators

Measure of physician productivity

Total work relative value unit (wRVU)
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Wang, Plump, and
Ringel (2015)

Makari-Judson et al.
(2013)

Towle, Barr, and
Senese (2013)

Future

Oncology ecosystem metrics
Subdomain

Indicator

Productivity in
care delivery

Work relative value unit (wRVU) less infusion
services per full-time equivalent (FTE)

R&D
productivity

Work relative value unit (wRVU) per full-time
equivalent (FTE) hematology/oncology (HemOnc)
physician
Nonphysician practitioner work relative value unit
(wRVU) per full-time equivalent (FTE)
hematology/oncology (HemOnc) physician
work relative value unit per full-time equivalent (FTE)
Nonphysician practitioner (NPP)
Percentage of new oncology NMEs developed by
SMEs, academic institutions, public bodies, or
public–private partnerships
Percentage of new oncology NMEs for which
ownership is retained by SMEs, academic
institutions, public bodies, or public–private
partnerships.

Returns

Success rates in clinical development for oncology
drugs
Cost of capital per drug development
Internal rate of return: combining total development
expenditure with projected revenues from postlaunch sales
Return on R&D investment

Human health return (on investment terms) per dollar
of R&D investment
Financial return (on investment terms) per dollar of
R&D investment
Source: RAND Europe

What does it capture?/Why is it important?

Source

Timeline
Future

Metrics to benchmark oncology practice in a regional and
national context.

Measure of dynamism within the biomedical innovation
ecosystem, and an indicator of the long-term sustainability of R&D
capabilities within the sector.
Indicator of the long-term sustainability of R&D capabilities within
the sector. A split between SMEs, academia, and public
institutions doing early development, on the one hand, and largescale organizations controlling commercialization, on the other
hand, raises concerns about R&D sustainability because the
companies controlling commercialization are largely dependent
on other organizations to provide the early phase development
pipeline, and vice versa.
Indicator of R&D productivity.

Panteli and Edwards
(2018)

Wang, Plump, and
Ringel (2015)

Value of productivity.

Panteli and Edwards
(2018)

Compared against the cost of capital per drug development for
biopharma companies to understand rate of return on innovative
activity.
Assessment of whether the underlying science is improving
through R&D and innovation.

Wang, Plump, and
Ringel (2015)
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RAND Europe

B.7. Equitable access and use
Table B.7 Detailed summary of the Equitable access and use indicators
Subdomain

Indicator

What does it capture?/Why is it important?

Source

Timeline

Access to care

Number of oncology specialists (e.g. oncologists,
hematologists, radiologists, surgeons, oncology
nurses) (per 100,000 population, by state/region)

Availability of care staff will limit care access.

American Society of
Clinical Oncology
(2014)

Now

Number of new oncology specialists (e.g.
oncologists, hematologists, radiologists, surgeons,
oncology nurses) trained each year
Number of research-active hospitals (per 100,000
population and by geographic region)

Availability of care staff will limit care access.

Proportion of adults receiving cancer screening
based on the most recent guidelines: for patients
with breast cancer (available by geographic region,
sexual orientation, race, age, family type, country
of birth)
Proportion of adults receiving cancer screening
based on the most recent guidelines: for patients
with colorectal cancer (available by geographic
region, sex)
Proportion of adults receiving cancer screening
based on the most recent guidelines: for cervical
cancer screening (available by marital status, age,
family type, country of birth)
Percentage of population under 65 without health
insurance (available by geographic region, race,
sex, age group, family type, sexual orientation,
marital status)
Whether doctor discusses follow-up care after
cancer treatment (available by income, insurance
type)

Engagement in research by clinicians and organizations is shown
to increase patient access to innovation and is linked with
organizational innovation.
Access to up-to-date care.

Boaz et al. (2015)

Healthy People
(2020)

Access to up-to-date care.

Access to up-to-date care.

Access to care.

Indicator of quality of care/use (but not so much about
innovation).
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Medical Expenditure
Panel Survey (MEPS)
likely has the most
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Subdomain

Indicator

Access to care

Whether doctor discusses side effects of cancer
treatment (available by income, insurance type)

Access to R&I

Access to clinical trials

Access to clinical trials (by gender)
Access to clinical trials (by race)

What does it capture?/Why is it important?

Clinical trials provide direct access for patients to emerging
innovative treatments. The results of clinical trials also shape future
standards of treatment and care. Equitable representation of
patient populations within clinical trials is therefore necessary to
ensure equitable access and use and to minimize disparities in
health outcomes.

Access to clinical trials (by age)
Equity in
outcomes

(Relative) survival rates (by cancer type, geographic
region, patient demographic characteristics)

Mortality rates (by cancer type, geographic region,
patient demographic characteristics)

Source

Timeline

up-to-date
information. Would
likely require
statistical analysis to
make use of data.
https://meps.ahrq.g
ov/data_files/public
ations/st451/stat45
1.shtml
Loree et al. (2019);
Manchanda et al.
(2019)

Now

Ludmir et al.(2019)
Survival rates are most often used to represent the burden of the
disease, but they are also an indicator of patients' access to
treatment and diagnosis. Unequal survival rates by population
group characteristics potentially indicate unequal access to
treatment or early diagnosis, although environmental and other
confounding factors could also contribute to unequal outcomes.
Using relative survival rates by age and gender can help to
control for these two confounding factors. Survival rates are often
preferable to mortality rates because they capture the effects of
diagnosis and treatment.
Mortality rates are most often used to represent the burden of the
disease, but they are also an indicator of patients' access to
treatment and diagnosis. Unequal mortality rates by population
group characteristics potentially indicate unequal access to
treatment or early diagnosis, although environmental and other
confounding factors could also contribute to unequal outcomes.
Mortality rates may be affected by incidence rates in the
population and therefore must be analyzed in conjunction with
incidence if used to assess access.
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Jönsson et al.
(2016)

Jönsson et al.
(2016)

RAND Europe
Subdomain

Indicator

What does it capture?/Why is it important?

Source

Timeline

Equity in
outcomes

Number or proportion of hospitals that are National
Comprehensive Cancer Network Cancer Center
Members (by geographic region or per 100,000
population per state)
Number of CT/MRI/PET-CT scanners per 10,000
population
Stage at diagnosis (by cancer type, disease stage)

Access to up-to-date care.

National
Comprehensive
Cancer Network
(2020)
Jönsson et al.
(2016)
Lamy et al. (2019)

Now

Access to care

Stage at diagnosis (by treatment type – e.g.
intravenous cancer drugs)

Access to R&I

When combined with ecological or population-level measures,
such as socioeconomic position (similar to SES), race, or
geography, stage at diagnosis provides an indication of access to
or uptake of cancer screening resources (e.g. equipment, doctors,
health insurance) by different population groups.

Number of research-active clinicians (by geographic
region or per 100,000 population per state)

Engagement in research by clinicians and organizations is shown
to increase patient access to innovation and is linked with
organizational innovation.

Boaz et al. (2015)

Access to clinical trials

Clinical trials provide direct access for patients to emerging
innovative treatments. The results of clinical trials also shape future
standards of treatment and care. Equitable representation of
patient populations within clinical trials is therefore necessary
ensure equitable access and use and to minimize disparities in
health outcomes.

Duma et al. (2018)

Patient access to information about clinical trials

As a precursor to access to clinical trials, but also access to
information about new innovations and drugs.

Variation in quality of care indicators (by census
division; race; hospital type)

Indicates differences in received treatment (utilization) by
subpopulations and system capacity (for structural indicators).
Quality of care indicators based on RAND report (Asch et al.
2000) and include process and structure indicators of quality.
Access to up-to-date care.

American Society of
Clinical Oncology
(2014)
Spencer et al.
(2008)

Access to clinical trials (by geography)
Access to clinical trials (by socioeconomic status)

Equity in
outcomes

An indicator of access to and uptake of cancer screening.

Percentage of patients treated according to
National Comprehensive Cancer Network
guidelines (by geographic region, sex, race,
income)
Source: RAND Europe
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Bristow et al. (2013)

Future
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B.8. Outcomes
Table B.8 Detailed summary of the Outcomes indicators
Subdomain

Indicator

What does it capture?/Why is it important?

Source

Timeline

Clinical
outcomes

Prevalence and mortality rates

National Center for Health Statistics (NCHS) identify nation- and
county-level data on cancer cases.

Now

Disease-free survival (DFS) or progression-free
survival (PFS), median overall survival (OS),
recurrence rate, and quality of life – used across
different tumor types
Mortality, morbidity, and survival rate

Databases that contain information on DFS (e.g. the Medicare
registry and the SEER registry); reporting of radiation treatments
after diagnosis; assess radiation-related treatment patterns.

Committee on the
Analysis of Cancer
Risks in Populations
near Nuclear
Facilities –Phase I
(2012)
Virnig et al. (2002);
Ellis et al. (2004)

Lack of disease progression, reduction of cancerous
cells, median overall survival, mortality rate aligning
with general population, reduction in hematologic
malignancies depending on cancer type
ESMO-Magnitude of Clinical Benefit Scale

Data can be obtained from clinical trials; however, different
endpoints are often used.

Graded scale taking into account: survival rate, improvement over
time, quality of life (QoL), impact of toxicity on daily life. There
are different questionnaires available depending on median
treatment time, curative and endpoint.

Cherny et al. (2017)

ASCO value framework: clinical benefit score and
toxicity score

Evaluation of treatments based on: calculation of a toxicity score
based on comparison to standard of care/ comparator: Toxicity,
palliation treatment-free interval bonus, QoL; net health benefit;
cost; calculation of clinical benefit: Hazard ratio, overall survival,
disease (-free) progression or risk ratio.

Schnipper et al.
(2015)

Unmet needs of the population

A key measure of whether or not the biomedical innovation
system in oncology is working is whether or not it is meeting the
needs of the population.

Panteli and Edwards
(2018)

Clinical
outcomes

Patient
satisfaction

Epidemiological measurements.
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Ellis (2014); Oliver
and Greenberg
(2009)
Johnson et al.
(2015)

Future

RAND Europe
Subdomain

Indicator

What does it capture?/Why is it important?

Source

Timeline

Patient
satisfaction

Patient Reported Experience Measures (PREMs)

Self-reported indicator of patient experience.

Future

Patient Activation Measure (PAM)

Self-reported indicator of patient experience.

Patient Health Engagement Scale (PHE-scale)

Self-reported indicator of patient experience.

Value for patients

This captures: actual therapeutic benefits, survival rates, ability to
retain employment, sexual function, the impact of cancer and
survivorship on family and caregivers.
Different questionnaires are available, which can be cancer
specific. Referenced article focuses on breast cancer PRO
questionnaires.

Narbutas et al.
(2017)
Hibbard et al.
(2004)
Graffigna et al.
(2015)
Nabhan, Philips,
and Feinberg
(2019)
Tevis et al. (2018)

Quality of life

European Organisation for Research and Treatment
of Cancer (EORTC-QLQ C30, which is commonly
paired with disease-specific modules and the
Hospital Anxiety and Depression Scale
European Quality of Life-5 Dimensions (EQ-5D)

European Quality of Life-5 Dimensions (EQ-5D) instrument
combines questionnaire responses into a single utility estimate
using country-specific value sets.

Source: RAND Europe
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Matter-Walstra et al.
(2014)

