
Abstract 
Objectives. Cancer accounts for a major proportion of national health expenditures, 
which are expected to increase in the future. This paper aims to identify major challenges 
with estimating cancer related costs, and discuss international comparisons, and 
recommendations for future research. 
Methods. It starts from the experience of an international workshop aimed at comparing 
cancer burden evaluation methods, improving results comparability, discussing strengths 
and criticisms of different approaches. 
Results. Three methodological themes necessary to inform the analysis are identified 
and discussed: data availability; costs definition; epidemiological measures. 
Conclusions. Cost evaluation is applied to cancer control interventions and is relevant 
for public health planners. Despite their complexity, international comparisons are 
fundamental to improve, generalize and extend cost evaluation to different contexts.
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INTRODUCTION 
In most developed countries, cancer accounts for 

a major proportion of national health expenditures 
[1]. Although incidence rates have been declining for 
many cancers due to changes in risk factor prevalence 
and prevention efforts, the absolute number of newly 
diagnosed cancer patients is expected to increase due 
to population growth and aging [2-4]. Further, earlier 
stage at diagnosis and ongoing improvements in cancer 
treatments are associated with improved survival 
following diagnosis [5-7]. As a result of these trends, 
a large increase in cancer prevalence is expected in the 
future [8]. Moreover, health care delivery trends, and 
increasing use of expensive new chemotherapy drugs 
[9], will likely involve higher overall costs of cancer 
care. Although anticancer medicines are centrally 
approved by the European Medicines Agency, access 
to such therapies might be very heterogeneous across 
European countries due to different payers’ resources 
and different pricing and reimbursement policies. 
This is particularly true for targeted therapies, that is 

approaches that tailor treatments to individual patients 
or groups based on molecular features of the disease 
and characteristics of the host. The uptake of these 
therapeutic approaches is difficult to predict, but it will 
likely vary across countries, health care delivery settings, 
and patient groups. 

Measuring and projecting cancer-related expenditures 
is an increasingly important issue for health care policy 
makers at multiple levels (national, regional or local), 
as well as for health care payers. Little research has 
been conducted, however, on methods to assess or 
estimate cancer expenditures at these multiple levels, 
or to compare approaches and study findings across 
countries. International comparison might be especially 
useful to provide further insight into cancer patient 
management and best practices to increase efficiency 
of health care delivery.

On the other hand, differences in health care 
delivery systems, health care policies, and data 
availability make international comparisons complex. 
To begin to address some of these issues, the National 
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Cancer Institute, University of Roma Tor Vergata, 
Italian National Institute of Health, and Institute of 
Research on Population and Social Policies (National 
Research Council) co-sponsored an international and 
interdisciplinary meeting “Combining Epidemiology 
and Economics for Measurement of Cancer Costs”, 
held on September 21-24, 2010 in Frascati (Italy). 
The 29 participants (from Australia, Canada, Finland, 
France, Germany, Italy, Sweden, the Netherlands, UK, 
and the USA) were statisticians, epidemiologists and 
health economists.

The ultimate goal of the workshop was to promote 
an international and multidisciplinary dialogue on 
strengths and drawbacks of different methodological 
approaches to cancer burden evaluation, and ways to 
improve comparability of data and results.

The workshop was structured in four sessions: 
“Prevalence and survival estimation”; “Methods to 
calculate medical care cost”; “Cost-effectiveness, 
cost-benefit and decision modeling”; “Forecasting, 
uncertainty”; and a final round table. The detailed 
agenda and presentations are available from: www.
irpps.cnr.it/en/research-activities/population-trends-
migration-studies-and-spatial-mobility/methods-and-
products-fo-3.

In this commentary we summarize the main issues 
emerged in the workshop, focusing on major challenges 
in the estimation of incidence and prevalence cancer 
related costs, the benefits of international comparisons, 
and future directions of collaborative research.

MAIN ISSUES
The focus of the workshop was on the review and 

comparison of analytical approaches to assess current 
cancer burden and on the prediction of future cancer-
related costs across health systems and countries. 
In order to establish a common background, thus 
improving the exchange of knowledge between 
scientists from different research fields, three main 
topics were afforded: basic information required, data 
sources available and data-linkage; cost definitions and 
indicators; epidemiological measures of cancer burden. 
These items represent the parameters required to 
inform cancer care costs evaluation at the macro and 
micro levels.

Data availability
Participants from seven countries provided 

information on data used to assess cancer burden. 
Although local features of health care system and health 
care insurance were associated with different patterns 
of data collection and availability, the core information 
is common to all countries.

Prevalence estimates, that is the total number of 
individuals in a population who have a certain disease 
during a specified period of time, are mainly derived from 
population-based cancer registries data, the registries 
have either nationwide (as in Finland, Sweden, the 
Netherlands, and the USA with the National Program 
of Cancer Registries, NCPR), or local coverage (as 
in France, Italy, UK, and the USA with the SEER 
Program). 

Health care and health insurance databases including 
individual records are the main sources of information 
on cancer costs. Examples of such databases are hospital 
discharge files, physician consultation records, or lists of 
services provided (e.g. outpatient pharmacy, ambulatory 
surgery, emergency room). In many countries, cancer 
patients can be identified from population-based cancer 
registries, while their health service use and related 
costs or expenditures may be traced through record-
linkage (based on individual identifiers) with the above 
mentioned databases.

In some countries ad hoc surveys are valuable sources 
of information about out-of-pocket costs, disability 
pensions, sickness absenteeism, days lost from work, 
and quality of life.

Definition and measurement of costs
Definitions of cost types and related measurement 

techniques represent the preliminary step in cancer 
cost descriptive analysis and modeling. There are three 
categories of costs: direct health care costs (related to 
hospitalizations, outpatient or ambulatory services, 
chemotherapy and radiation therapy); other direct non-
health care costs (e.g. transportation to and from care 
centres, time spent by family members in providing 
home care, and patient time); productivity or “indirect” 
costs, consisting of lost or impaired work or leisure time 
due to morbidity or early death from the disease, usually 
estimated either in the societal or employer perspective.

Approaches to valuing time associated with 
productivity loss include:
a) the human capital approach explicitly attaches more 
value to time lost by individuals who earn more, than 
to time lost by individuals who earn less, and is based 
on wages;
b) the friction cost is the cost incurred by an employer 
when a sick worker must be replaced, and it is based 
on the concept that a productivity loss occurs when a 
person withdraws from the labor force due to disease 
or death [10];
c) the willingness to pay method estimates the amount 
individuals would be willing to be compensated for 
losing time because of a given intervention.

Most studies of patient time cost firstly identify 
amount of services provided to cancer cases, then 
assign a specific time duration to each service, and 
finally apply a time “value” to compute the overall time 
cost [11, 12].

It is worth noting that the different methods have 
different meaning, so that each of them is appropriate 
to answer specific and different questions.

Moreover, none of the approaches reviewed value the 
quality of time.

Epidemiologic measures of cancer burden
Incidence, mortality, survival and prevalence are 

the most common epidemiological measures used to 
quantify the burden of cancer on population health. 
While incidence, mortality and survival rates are 
widely reported indicators susceptible of international 
comparisons [13, 14], prevalence data are far less 
commonly available, and are usually estimated using 
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statistical methods. A relevant summary measure of 
cancer survival is the fraction of patients cured. From a 
population-level or statistical point of view, cure occurs 
when the mortality rate in patients reaches the level 
expected based on the general population experience 
[15-18]. Cure fraction is a useful measure to disentangle 
the proportion of patients who will never die of their 
disease from that of patients who will progress in the 
illness, require further treatment and will eventually die  
of the disease; however this definition does not provide 
information on quality of life.

Cancer survival figures are generally obtained from 
longitudinal perspective studies, i.e. by following-up for 
vital status a cohort of patients diagnosed within the same 
time period (usually a calendar year). Notwithstanding 
its straightforward construct, the main drawback of the 
cohort approach is the length of the observation period 
required to obtain survival rates. An alternative method 
is the period approach [19], which consists of measuring 
survival by using information from different cohorts of 
diagnosis within a given recent time period. This approach 
is well established in other fields, such as demography 
where it is used to estimate current life expectancy based 
on cross-sectional information from a mixture of birth 
cohorts. Period analysis provides survival curves very 
close to those observed among newly diagnosed patients 
in the first years after diagnosis, and is particularly useful 
to capture recent diagnostic or therapeutic improvements 
affecting short term survival [20].

Prevalence is the most relevant epidemiological measure 
for cost calculations. National health surveys, even when 
routinely carried out on representative population samples, 
are not a suitable source of cancer prevalence data for 
cost evaluation analyses, due to the quality of information 
collected (self-reported data lacking details on date of 
diagnosis and other relevant feature of the disease, such 
as location, morphology and stage).

Prevalence can be estimated, however, by using 
information on incidence and vital status provided 
by cancer registries in different ways: direct methods, 
which combine the number of newly diagnosed cases 
recorded by the cancer registry and still alive at a certain 
period of time (limited duration prevalence) with the 
unobservable figure of cases diagnosed before the cancer 
registry started its activity, using statistical modeling [21, 
22]; indirect methods, which estimate the total number 
of prevalent cases (complete prevalence) from mortality 
statistics and survival modeling, using a back-calculation 
approach [23], or from incidence and survival modeling 
based on cancer registry information [24].

Macro-level estimation of expenditures on cancer
The aggregate cancer burden in a given population 

during a specified period of time is needed to assess the 
related national or regional expenditure. Macro level 
estimates of cancer burden are commonly obtained by 
combining data on prevalence with cost information. 
Since costs of cancer care vary along the path from 
diagnosis to clinical recover or death, a typical features 
of this approach is to split both prevalence estimates and 
cost indicators into distinct and clinically meaningful 
phases of care of given duration [25, 26]. 

Researchers use different definitions of phases of 
care, all including at least three phases: the initial phase 
(following the diagnosis), the final phase (before death), 
and the continuing or intermediate phase (corresponding 
to the delay in months between the initial and terminal 
phases). Some studies also include a pre-diagnostic 
phase and a pre-final phase. In an Italian case study of 
patterns of care and costs in two regions, using a three-
phase disease approach, estimates of phase-specific 
prevalence and expenditures were obtained by record-
linkage of the regional Hospital Discharge Cards 
database and the cancer registry database [27]. The 
phase of care approach, when incorporating population 
projections, can also be used to predict oncology 
workforce demands [28] or to forecast future trends in 
cancer-related costs. For example, a recent US study 
reported that even if cancer incidence, survival and costs 
remained constant, the national expenditure on cancer 
care was expected to increase from $ 124.6 billion in 
2010 to $ 157.8 billion in 2020, due to population 
changes only [25]. The prostate cancer costs of care by 
phase of disease in Ontario is an additional example of 
macro-level analysis [29].

Micro level cost estimation
Micro level cost estimates are used as inputs in cost-

effectiveness analyses of multiple interventions, as well 
as to predict  the impact of future interventions, and 
are particularly useful in informing the health policy 
planning process in situations where evidence is lacking 
[30]. For example, in a study concerning treatment-
specific costs of prostate cancer, an individual level 
approach was combined with a phase of care approach 
to yield suitable estimates of the parameters required 
for a model based cost-effectiveness analysis [29]. 

Another approach to micro-level modeling is micro-
simulation, where a population of individuals followed 
from birth to death is simulated, with individuals’ 
progression through the whole treatment pathway from 
the disease onset to clinical recovery or death.

Micro-simulation models presented and discussed at 
the workshop included two analysis of colorectal cancer 
costs in the general populations of England and the US, 
respectively, and a US study of prostate cancer costs. 
The three models shared a common approach consisting 
in calibrating the modeled natural history of the disease 
and treatment pathways to national data sources.

Micro-level modeling also allows for the simultaneous 
evaluation of multiple interventions taking into account 
the interdependency of services pathways [31, 33].

A drawback of micro-simulation modeling is its heavily 
dependence on assumptions and input parameters, so 
that independent modeling studies may yield disparate 
results, difficult to reconcile. 

The comparative modeling approach explores 
differences between models in a systematic way by 
setting common input parameters (usually based on 
strong evidence) across models. For example, two 
independently developed models of colorectal cancer 
in the US were used to identify the reimbursement 
cost at which the stool DNA screening test would be 
a cost-effective alternative to current screening options 
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[34]. The use of comparative modeling approaches, 
by providing a range of results that can be used in 
sensitivity analysis of the underlying assumptions of the 
various models, improves the reliability of  the study 
findings. 

FUTURE DIRECTIONS: CHALLENGES 
AND ISSUES FOR IMPROVING ESTIMATION 
OF CANCER COSTS

The workshop revealed the increasing interest in the 
assessment of cancer related expenditures in Europe, 
US, Canada and Australia. Targeted therapies represent 
a topical research question in the domain of cancer cost 
evaluation, due to their intrinsic and indirect costs. 
These therapies  require a preliminary molecular biology 
testing of all potentially eligible patients to identify the 
subset of likely responders. 

Patients and physicians tent to regard targeted 
therapies as more effective treatments compared to the 
currently available ones, while payers are concerned 
with issues such as risk sharing, cost sharing, and budget 
impact. In this context, managed entry agreements 
define arrangements between payers or providers and 
manufacturers that enables access to reimbursement 
of a health technology subject to specified conditions. 
These arrangements can use a variety of mechanisms 
to address uncertainty about the performance of 
technologies or to manage the adoption of technologies 
in order to maximize their effective use, or limit their 
budget impact [35].

International comparisons of data sources and 
analytical methods are pivotal to check exportability of 
a given approach to different contexts, and to discuss 
whether standardization is feasible. The Eurocare study 
[36] represents a successful example of international 
collaboration aimed at developing a standardized 
method of cancer survival analysis across Europe. The 
implementation of standardized costing methods, 
however, faces major challenges: between countries, 
differences in availability of data on disease prevalence, 
treatment protocols and related costs; within-
countries, variability in population coverage of data 
sources, and their temporal extension and consistency;  
heterogeneity of cost definitions by country. However, 
the main obstacle to an international standardization of 
expenditure on cancer (or other diseases) is represented 
by differences in the health system structure: while 
universal public health care systems are adopted by 
many European countries and Canada, free health care 
in the US is provided only to the elderly, individuals 
affected by certain disabilities, and some low-income 
people. Quality of cancer care and treatment protocols 
in a given country can benefit from cross-country 
outcome evaluation. Such comparisons can be 
complex, however, and are affected by differences in 
patient characteristics, preventive measures, screening, 
treatment protocols, and differential coverage of services 
by health insurance programs and policies. Thus, 
comparisons across health care systems or countries 
should firstly focus on documenting and understanding 
patterns of care. As an example, a joint Italy-US study 
was planned immediately after the meeting, aimed 

at comparing patterns of hospitalizations and other 
care services in cancer patients, using cancer registry 
data and other administrative sources of information. 
Hospital use, initial treatments (surgery, chemotherapy 
and radiation), and timeliness of surgery and adjuvant 
therapy, taking into account patient characteristics and 
clinical features, such as stage at diagnosis and the 
cancer sub-site were evaluated, and some differences in 
the use of adjuvant therapies, as well as hospitalization 
patterns emerged [37]. In a cross-country comparison 
between US and Ontario (Canada) of end-of-life care 
and associated costs in elderly lung cancer patients, 
striking differences in cancer registry data, study 
population characteristics, and service coverage were 
observed; moreover, identification and payment for 
some services are bundled together in one country, but 
not in the other, so that significant upfront investments 
were necessary to enroll similar population samples well 
as to identify comparable service categories and cost 
components in the two countries [38, 39].

Special rules are implemented in public health care 
systems, in order to promote efficiency,  support patient 
choice and increasingly incentive best practice models 
of care, as is the case of the Payment by Results (PbR) 
system in England, a transparent rules-base payment 
system under which commissioners pay health care 
providers for each patient seen or treated, taking into 
account the complexity of the patient’s health care needs. 
PbR currently covers the majority of acute health care 
in hospitals, with national tariffs for admitted patient 
care, outpatient attendances, accident and emergency, 
and some outpatient procedures. The Government is 
committed to expanding PbR by introducing currencies 
and tariffs for mental health, community and other 
services [40].

In the US there are different payment systems, such 
as the fee-for-service and the managed care; differences 
between the two systems, including groupings used to 
classify services or costs, and incentives to providers 
in terms of coding procedures, along with the general 
complexity in payment systems, complicate the 
comparison of different services [41, 42].

Indirect costs represent a relevant component of 
the health care total budget, but they are difficult to 
measure and to compare across countries; as a general 
recommendation they should be taken into account in 
cancer burden evaluation and more effort should be 
devoted to standardized data collection.

Improving the communication of research results to 
non-scientific audiences is another important research 
topic to tackle in order to enhance the translation of 
research findings into policy settings. 

Cost evaluation and cost-effectiveness analyses may be 
applied to a wide range of cancer control interventions: 
preventive measures, screening programs and related 
early treatments, diagnostic tests and referral processes, 
surgical procedures, radiotherapy, chemotherapy, 
and palliative care. These cost evaluations represent a 
valuable source of evidence for public health planners 
and policy makers, provided that the study findings 
are  comprehensibly reported, and the due attention 
is paid by the investigators to assist the non-technical 



AdvAncing the science of cAncer burden evAluAtion

O
r

ig
in

a
l
 a

r
t

ic
l

e
s
 a

n
d

 r
e

v
ie

w
s

77

users in their correct interpretation. This is a crucial 
responsibility for authors of studies based on estimates 
and modeling affected by a high level of uncertainty. 
For example, benefits of some  screening programs 
for specific population groups are controversial, as 
increased rates of over-diagnosis and false positives may 
occur along with modest year-of-life gained. Providing 
expert panels with suitable analytical techniques to 
cross-evaluate a range of outcomes would help them 
in focusing on the most meaningful ones. This is 
particularly relevant in the US, where guidelines for 
prostate cancer screening by PSA testing are still subject 
of debate [43]. A micro-simulation model of prostate 
cancer in the US population that jointly modeled PSA 
growth and disease progression was presented at the 
workshop. A user-friendly interface for this model to 
be used by policy makers, allowing comparisons costs 
and benefits of different screening strategies, is being 
developed [44].

CONCLUSIONS
In summary, a primary goal of the “Combining 

Epidemiology and Economics for Measurement of 
Cancer Costs” workshop was to start an international and 
interdisciplinary dialogue about sharing methodologies 
for cancer burden evaluation. As illustrated in this 

commentary, an international network of experts in the 
field has been established, and strategic research issues 
along with subjects of collaborative research have been 
identified. As a first step in this direction, a monograph 
will be published at the end of this year, including a 
collection of papers on topics presented at the workshop 
as well as papers prepared by working groups originated 
from the workshop. New collaborative research project, 
aiming to identify relevant data sources and develop 
standardized analytical methods, will hopefully provide 
further insights into health care needs of cancer patients, 
more efficient strategies of resource allocation, and a 
wide diffusion of best practices in cancer treatment. The 
ultimate goal is to provide health policy planners with 
the full evidence needed to face the escalating costs of 
health care delivery, and to make informed choices on 
sustainable options.
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