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Abstract

Background
The importance of assessing and monitoring the health status of a population has grown in the last
decades. Consistent and high quality data on the morbidity and mortality impact of a disease represent
the key element for this assessment. Being increasingly used in global and national burden of diseases
(BoD) studies, the Disability-Adjusted Life Year (DALY) is an indicator that combines healthy life years
lost due to living with disease (Years Lived with Disability; YLD) and due to dying prematurely (Years of
Life Lost; YLL). As a step towards a comprehensive national burden of disease study, this study aims to
estimate the non-fatal burden of cancer in Belgium using national data.

Methods
We estimated the Belgian cancer burden from 2004 to 2018 in terms of YLD, using national populationbased cancer registry data and international disease models. We developed a microsimulation model to
translate incidence- into prevalence-based estimates, and used expert elicitation to integrate the long-term
impact of increased disability due to surgical treatment.

Results
The age-standardized non-fatal burden of cancer increased from 2004 to 2018 by 6% and 2% respectively
for incidence- and prevalence-based YLDs. In 2018, in Belgium, breast cancer had the highest morbidity
impact among women, followed by colorectal and non-melanoma skin cancer. Among men, prostate
cancer had the highest morbidity impact, followed by colorectal and non-melanoma skin cancer. Between
2004 and 2018, non-melanoma skin cancer significantly increased for both sexes in terms of agestandardized incidence-based YLD per 100,000, from 48 to 107 for men and from 15 to 37 for women.
Important decreases were seen for colorectal cancer for both sexes in terms of age-standardized
incidence-based YLD per 100,000, from 104 to 85 for men and from 52 to 46 for women.

Conclusions
Breast and prostate cancers represent the greatest proportion of cancer morbidity, while for both sexes
the morbidity burden of skin cancer has shown an important increase from 2004 onwards. Integrating the
current study in the Belgian national burden of disease study will allow monitoring of the burden of
cancer over time, highlighting new trends and assessing the impact of public health policies.

Background
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One of the key challenges health care decision makers are confronted with is how to allocate available
resources to optimally address the population health needs. An evidence-based answer to this question
involves an evaluation of the health status of the population, ideally based on coherent and comparable
measures of morbidity and mortality. Confronted with this need, there has been an increased interest in
the establishment of burden of disease studies [1], [2]. At international level, the World Health
Organization (WHO) and the Institute for Health Metrics and Evaluation (IHME) have set the standard for
Global Burden of Disease (GBD) studies [3], [4]. At the national level, several countries, including Belgium,
have initiated national or regional burden of disease studies, aiming to make best use of country-specific
available data and knowledge [1], [2], [5], [6]. Central to the framework of the global and national burden
of disease studies, the Disability-Adjusted Life Year (DALY) metric quantifies the healthy life years lost
due to living with disease (Years Lived with Disability; YLD) and due to dying prematurely (Years of Life
Lost; YLL).
In Belgium, as in many other high-income countries, cancer is a major contributor to the overall burden of
disease [7]. To date, however, country-specific estimates of the morbidity burden of cancer in terms of
YLD are lacking, despite the existence of an exhaustive cancer registry. The latter represents a source for
estimates that are more specific and sensitive to the Belgian framework, compared to currently available
international estimates. In addition, quantifying the non-fatal burden is important for assessing the
burden that is not derived by death, e.g. of people living longer with their disease. The aim of this study
was, therefore, to estimate the non-fatal burden of cancer in Belgium based on locally available data and
knowledge.

Methods
We estimated the non-fatal burden of cancer in Belgium using both an incidence and a prevalence
perspective. The incidence perspective takes new diagnoses as a starting point, and quantifies the future
health losses due to disability. Incidence-based burden of disease estimates can be used to monitor the
impact of preventive measures. The prevalence perspective quantifies the health losses for the current
cancer cases, and can therefore be used to assess the burden to the healthcare system. We adopted the
10-year prevalence in line with the GBD study [3], i.e. counting all individuals that had a cancer diagnosis
in the past 10 years as prevalent cases.
In what follows, we describe the two main elements of this study – i.e., the data source for cancer
incidence and survival, and the disease models used to translate incidence and survival into prevalence,
and cases into YLD.

Belgian cancer registry data
Incidence data
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Data on new cancer cases in Belgium are collected by the Belgian Cancer Registry (BCR). The BCR is a
population-based registry regularly reporting on cancer patterns and trends in incidence and cancer
survival. It is nationally representative and exhaustive, collecting data from the oncological care
programs (clinical network) and pathology laboratories (pathological network) [8]. The recording of data
(topography and morphology) is done using the International Classification of Diseases for Oncology
third edition (ICD-O-3), which is combined into a ICD-10 classification (International Classification of
Diseases tenth edition). The vital status was derived from linkage with the Belgian Crossroads Bank for
Social Security. Follow-up for this study was considered up to April 1st, 2020.
For the current study, we selected 80 ICD-10 (C00.0-96.9 and chronic myeloid neoplasms) codes resulting
in 54 cancer groups (see Appendix). Data were extracted by year (from 2004 to 2018), age group (5years), sex and region (N = 3). We excluded “Respiratory system and intrathoracic organs, NOS (not
otherwise specified)” from further analyses because of too few cases.

Survival data
To assess the time lived with disability, we calculated observed survival estimates by large age groups (<
50, 50–64, and 65+), region, and 10-year incidence period (i.e., from 2004–2013 to 2009–2018),
according to the Kaplan-Meier method [9]. For the most common cancer types (breast, bronchus and lung,
colorectal, malignant melanoma of skin and prostate), smaller age groups were used: <50, 50–64, 65–69,
70–74, 75–79, 80–84, and 85+. If the age group specific estimates were not available due to too few
cases, we used the all-ages estimate instead. Likewise, if the region-specific estimate was not available,
we used the Belgian estimate. In some instances, survival estimates were not available for year 9 or 10
after diagnosis, since no patients in that selection had a follow-up of minimum 9/10 years, so the
estimate at the time point(s) does not exist. In these cases, we propagated the last observed (annual)
survival probabilities to the years without estimates using the interval specific survival (e.g., if no
estimates were available for year 10, the survival probabilities were estimated as the product of the
survival probability at year 9 and the ratio between the survival of year 9 and the survival of year 8). Per
definition, the observed survival estimates for the last available 10-year period (2009–2018) were applied
to all cases diagnosed in 2009 or later.

Disease models
We adopted the disease models used in the most recent GBD study [3]. The models make a distinction
between surviving cases, and cases that die within 10 years after diagnosis. For surviving cases, the
disease models define two health states 1) diagnosis and primary therapy; and 2) control phase when the
cancer becomes a chronic diseases and requires daily medication that do not interfere with daily activity.
The duration of the diagnosis stage is cancer specific and the duration of the control stage is given by the
remainder of the 10-year period [3]. For fatal cases, the disease models define four health states – i.e.,
diagnosis, control, metastasis, and terminal. The duration of each stage depends on both the cancer type
and the survival time. The durations are assigned in the following sequence:
1. Terminal:
1 month
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2. Diagnosis: cancer specific duration (or remainder of total survival time)
3. Metastasis: 18 months (or remainder of total survival time)
4. Control: remainder of total survival time
The disability weights (DW) assigned to these four health states are derived from Salomon et al. (2015);
diagnosis and primary treatment (0.288), control (0.049), metastasis (0.451), and terminal (0.540) [10].

Inclusion of complications
For some cancers, the disease models also included specific treatment or surgery-induced complications
for the entire duration of illness. These complications comprised mastectomy (breast cancer; DW =
0.036), stoma (colorectal cancer; DW = 0.095), laryngectomy (larynx cancer; DW = 0.051), incontinence
(prostate and bladder cancer; DW = 0.139), and impotence (prostate cancer; DW = 0.017).
To assess the proportion of cases for which these complications occur, we performed an expert elicitation
exercise among Belgian oncologists, gynecologists and urologists selected among the list of experts in
contact with our institution. Each expert was asked to provide a minimal and maximal plausible value for
the proportion of complications among the specific cancers for which they had most expertise. The
elicitation was done through an online questionnaire. We summarized the expert values into an overall
estimate of the proportion of complications per cancer, by computing the average value across experts
(see Appendix).

Estimation process
Estimation of prevalence from incidence
Based on the disease models, we projected the time spent in the different health states for each incident
cohort (2004–2018). This implies that from the year 2013 onwards, we were able to define the prevalence
in a given year as the sum of person-months spent in the different health states. We used the observed
survival probabilities to model the fraction of surviving vs non-surviving cases, as well as the moment of
death (in terms of time since diagnosis) for the non-surviving cases. Specifically, we used a
microsimulation approach to simulate future health states for each year-, age-, sex-, region- and cancerspecific cohort of incident cases. For each incident case in the specific cohort, age at diagnosis was
randomly assigned using a uniform random number generator taking the minimum and maximum of the
concerned age group as limits. Then, we used sampling with replacement to assign, for each incident
case in the specific cohort, one of 11 possible outcomes according to the survival probabilities, i.e., death
within year 1, 2, …, 10 after diagnosis, or survival. For the fatal cases, simulated to die within year y after
diagnosis, we randomly assigned the moment of death using a uniform random number generator taking
y − 1 and y as limits. The age at death was thus a function of the randomly assigned age at diagnosis,
and the randomly assigned time between diagnosis and death. In a final step, we assigned the health
states of the cancer disease model to each incident case, in function of their simulated outcome, and, for
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the fatal cases, their simulated time till death. The durations of each health states, and the sequence in
which the health states are defined, were explained before.

Incidence-based YLD
Incidence-based YLD were estimated for the period 2004–2018. For each reference year, the YLD were
calculated as the sum of the future disability-weighted time spent in each health state, for the cases that
were diagnosed in the reference year. The calculation of the amount of time spent in each health state
followed the same steps as in the incidence-to-prevalence model, except that we used average values
instead of a microsimulation approach.

Prevalence-based YLD
Prevalence-based YLD were estimated for the period 2013–2018. For each reference year, the YLD were
calculated as the sum of the disability-weighted time spent in each health state, for all the cases that
were alive during the reference year.

Presentation and availability of estimates
Results were presented by age, sex, and region using cancer groupings. We report in this paper the crude
rates and age-standardized rates, using Belgian 2018 population (BE2018) as reference.
For more detailed results, the complete cancer burden estimates, including age-standardized rates based
on the European standard population of 2013 [11], can be explored online via
https://burden.sciensano.be/shiny/cancer/.

Results

Incidence-based cancer burden, 2004–2018
All cancers
From 2004 to 2018, the total number of tumor diagnoses has increased from 61,524 to 78,912 new
diagnoses (+ 23%). This is mainly due to the growth and ageing of the population; because, over the
same period, the age-standardized incidence rates slightly increased from 644 to 699 new diagnoses per
100,000 (+ 9%). Similar trends are observed for the total number of cancer associated YLDs, which have
increased from 44,773 YLDs to 55,813 YLD (+ 25%), over a period of 14 years, and a slight increase in the
age-standardized YLD rates, from 468 per 100,000 to 494 per 100,000 (+ 6%).
Cancer incidence and burden were higher in men compared to women, and the highest in the 65 + age
group. The age-standardized cancer incidence and burden were the highest in the Walloon Region,
followed by the Flemish and Brussels Capital Region. However, due to the larger and older population, the
largest absolute cancer burden was attributed to the Flemish Region (Fig. 1).
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Specific cancer types
Top 5 cancer types
In 2018, the highest number of cancer diagnoses among men were observed for prostate cancer, trachea,
bronchus and lung cancer, non-melanoma skin neoplasms, colorectal cancer, and bladder cancer. The
same cancers can be found in the top-5 ranking in terms of YLD burden. Prostate cancer remained at the
first place followed by colorectal cancer, non-melanoma skin neoplasms, trachea, bronchus and lung
cancer, colorectal cancer and bladder cancer. Almost all top 5 cancers showed a decrease in their YLD
burden, with prostate cancer showing the largest decrease from 2004 (309 vs 247 age-standardized YLD
per 100,000) followed by colorectal cancer (104 vs 85 age-standardized YLD per 100,000). Nonmelanoma skin neoplasms showed a steady increase since 2004 (48 vs 107 age-standardized YLD per
100,000).
In 2018, the highest number of cancer diagnoses among women were for breast cancer, colorectal cancer,
non-melanoma skin neoplasms, trachea, bronchus and lung cancer, and malignant melanoma of skin,
corresponding also to cancers with the highest non-fatal burden. Figure 3 shows that different cancers
types showed an important increase since 2004. The non-fatal burden of malignant melanoma of skin
doubled passing from 9 to 18 age-standardized YLD per 100,000 and non-melanoma skin neoplasms
more than doubled (15 vs 37 age-standardized YLD per 100,000). Trachea, bronchus and lung cancer
also showed large increase (30 vs 53 age-standardized YLD per 100,000). Colorectal cancer was the only
top-5 cancer to show a decrease in the observed period (52 vs 46 age-standardized YLD per 100,000).
When looking at both sexes, rankings across regions looked rather similar. However, prostate cancer has
a higher burden in Flanders than in the two other regions, together with skin cancers. Breast, colorectal
and lung cancer showed a higher non-fatal burden in Wallonia. For both sexes it is also noticeable the
reduction in colorectal cancer cases of the last 4 years.

Other cancers
Along with the most burdensome cancers, it is worth mentioning some cancers that have particularly
striking trends from 2004 to 2018. Liver and pancreas cancer respectively almost tripled and doubled in
terms of incidence in the observed period. On the other hand, many gynecological cancers showed a
reduction: uterus NOS (-83%), ovarian (-18%) and vaginal (-9%). Nevertheless, the reduction in new
diagnosis of uterus NOS cancer might be driven by a better quality of data reporting. Namely, cancer
diagnosis are more correctly attributed to cervix and corpus uteri, leading to a reduction of cancers coded
as uterus NOS.

Prevalence-based cancer burden, 2013–2018
All cancers
Loading [MathJax]/jax/output/CommonHTML/jax.js
Page 7/19

From 2013 to 2018, the yearly prevalence has increased from 518,591 to 587,224 (12%). An increase of
the age-standardized prevalence rates from 4,949 to 5,199 per 100,000 can also be seen over the same
period (5%). A similar trend was observed for the total number of cancer associated prevalence-based
YLD, with an increase from 61,681 to 68,807 YLD (10%), reflected in an increase in the age-standardized
YLD rates from 592 per 100,000 to 609 per 100,000 (3%).
In 2018, the all-cancers age-standardized prevalence rate was higher in men than in women (5,199 and
4,476 per 100,000 persons respectively) and both sexes showed a considerable prevalence in the 65 + age
group. Due to the larger and older population, the Flemish Region was responsible for the largest absolute
cancer burden. However, when we look at the age-standardized rates, the Walloon Region had the highest
prevalence and YLD per 100,000 rates (Fig. 4). We can also notice that Wallonia and Brussels showed an
increase in prevalence (for both sexes) in the last four years.

Specific cancer types
Top 5 cancer types
In 2018, the most common cancers registered among men were prostate cancer (1,239 per 100,000
persons), non-melanoma skin cancer (899 per 100,000 persons), colorectal cancer (499 per 100,000
persons), bladder cancer (319 per 100,000 persons), trachea, bronchus and lung cancer (222 per 100,000
persons). The same cancers were identified as having the highest non-fatal burden, except for leukemia
that passed to be within the top 5 (replacing lung cancer). Figure 5 shows the trends of the top 5 cancers
in men between 2013 and 2018. A decrease was observed in the age-standardized prevalence rate for
prostate cancer (from 1,631 to 1,573). On the other hand, non-melanoma skin cancer showed an increase
over the years with passing from 468 to 626 per 100,000 persons. The same trends are reflected in the
non-fatal burden of these cancers.
In 2018, breast cancer was the most prevalent cancer in women (1,500 per 100,000 persons), followed by
non-melanoma skin cancer (652 per 100,000 persons), colorectal cancer (393 per 100,000 persons),
corpus uteri (358 per 100,000 persons) and malignant melanoma of skin (242 per 100,000 persons). The
same order was reflected for the ranking of the cancers with the highest non-fatal burden, apart from the
fifth cancer that was replaced by leukemia. As shown in Fig. 6, between 2013 and 2018 there has been a
decrease in the age-standardized prevalence rate for breast cancer (from 1,421 to 1,364 per 100,000
persons) and a slight decrease for colorectal (from 356 to 333 per 100,000 persons) and corpus uteri
cancer (from 170 to 153 per 100,000 persons). On the other hand, skin cancers showed an increase over
the years with malignant melanoma passing from 176 to 226 per 100,000 persons and non-melanoma
skin cancer from 195 to 264 per 100,000 persons. The same trends were reflected in the non-fatal burden
of these cancers.
When looking at both sexes, the most prevalent cancer in Belgium in 2018 was breast cancer: 853 per
100,000 age-standardized persons in Brussels, 832 in Wallonia and 727 in Flanders. However, the cancer
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type with the highest non-fatal burden was prostate cancer in 2018: 105 per 100,000 age-standardized
YLD in Flanders, 98 in Wallonia and 81 in Brussels.

Other cancers
When looking at the non-top 5 cancers, interesting changes in the 5-year time span can be observed. In
2018, thyroid gland (10 age-standardized YLD rate) and lip and oral cavity cancer (12 age-standardized
YLD rate) were both among the cancers with the highest prevalence-based YLDs overall in Belgium, and
from 2013 they showed an increase in prevalence of around 20% and 7%, respectively. In terms of
prevalence, cancer of the uterus NOS showed the highest relative decrease from 2013: -64%, probably
attributed to the more specific registration of cervix and corpus uteri cancer, as explained above.

Discussion
In the present study, we estimated the non-fatal burden of 54 cancer groups in Belgium based on data
from the national population-based cancer registry. From 2004 to 2018, Belgium experienced an increase
in the cancer age-standardized incidence rate as well as in the age-standardized prevalence rate. In 2018,
more than 78,000 new cancers were diagnosed and almost 420,000 people were living with cancer. The
most incident and prevalent cancer was breast cancer among women, and prostate cancer among men. It
is worth mentioning that most of the increase in the age-standardized incidence and prevalence can be
attributed to the increase in non-melanoma skin cancer cases. Our results showed the important burden
of these cancers in terms of disability with around 50,000 YLD each year. Incidence and prevalence-based
YLD estimates do not differ much from each other, but overall prevalence-based YLD rates tended to be
lower than incidence-based YLD rates, which is consistent with an increasing cancer incidence and
improved survival.
Comparing incidence figures with other national studies, we find that incidence rates for female breast
cancer in Belgium were slightly higher than the ones for The Netherlands (184/100,000 vs 153/100,000
women in 2014). In the Netherlands, they registered a steady increase of incident breast cases [12],
similarly to our study. GBD 2019 incidence results for Belgium top-5 cancers were, in general, lower than
the ones reported in this study (for breast [9,700 vs 11,000], for melanoma [2,320 vs 3,489], for prostate
[8,100 vs 9,800] and lung cancer [8,676 vs 8,822]), with the exception of colorectal cancer (8,993 vs 7,860)
[3]. Nevertheless, our estimates represent the closest estimation to the real values, considering the
population-based cancer registry data (see below for accuracy of dataset) and that no modelling was
applied.
The main patterns of cancer morbidity burden in Belgium do not differ much from other European
countries. According to a joint burden of cancer study, prostate, colorectal, breast and lung cancer are the
most frequently diagnosed cancers in Europe [13]. In addition, our study confirms the increase of skin
cancer for both men and women in Belgium, as shown in a previous national study, which also estimated
that the skin cancer burden and associated economic impact in Belgium would triple in the next 20 years
[14].
Spanish
national estimates also identified colorectal, breast and lung cancer as accounting for the
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most YLD. In particular colorectal cancer accounted for 16% of all YLD due to cancer in Spain in 2000 [2].
When comparing our morbidity estimates with the GBD 2019 results, we noticed that the GBD estimates
are generally lower compared to our figures [3]. In particular, lung and non-melanoma skin cancer were
much lower with a prevalence of 20,500 and 43,000 in our estimates, versus 12,260 and 1,700 in the GBD
study, respectively. GBD prostate estimates were also lower than in the study at hand, with YLD estimates
of 5,460 versus 11,400 in our study. This comparison highlights the importance of producing national
estimates.
The large non-fatal disease burden of cancer suggests that there are still considerable opportunities for
improving the health burden related to malignancies in Belgium. In addition, our estimates highlight the
differences among regions that might shift the focus of the interventions (e.g. Belgian regions have
competencies regarding health prevention). Epidemiological trends show that cancer was, is and
probably will continue to be a major contributor to the national burden of disease. National policies
should further focus on reducing cancer incidence and preventing disability.

Strengths And Limitations
Our study compiled epidemiological data and burden of disease estimates for the great majority of
cancers by cancer site. The BCR represents a reliable data source for neoplasm estimates in Belgium. The
completeness of the BCR is estimated to be more than 95% and the validity of the data is ensured by
having very high percentage of tumors being microscopically verified (96.9%) [15], [16].
Despite the good quality of the incidence data, our estimates come with uncertainty associated with the
disease models and estimation processes. The health state durations were adopted from the GBD study,
and might not be representative for the Belgian context. Moreover, by adopting the disease model in the
GBD study, we assumed that all cancers have the same DW. For the sake of internal consistency, we
decided to follow GBD methodological choices. Nevertheless, national/region-specific survival durations
were used, that already improve certainty over part of the process [17]. The proportions of specific surgery
or treatment-induced complications was obtained through expert elicitation, a process which resulted in
considerable uncertainty. To address these limitations, methods should be explored to obtain data-driven
estimates of complication probabilities, for instance based on the national health insurance data
managed by the Intermutualistic Agency. Moreover, when including the sequelae related to treatment in
the disease models, we assumed that they would last for the entire duration of the disease. This might
yielded an overestimation of the YLDs, since the complication-inducing surgery or long-term treatments
might take place weeks or months (but not years) after initial diagnosis. Finally, we did not perform a
formal uncertainty quantification of our estimates, mainly because not all sources of uncertainty could be
quantified.

Conclusion
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Cancer has a major impact on the health of the Belgian population. Breast and prostate cancers represent
the greatest proportion of cancer morbidity, while for both sexes the morbidity burden of skin cancer has
shown an important increase from 2004 onwards. Integrating the current study in the Belgian national
burden of disease study will allow monitoring the burden of cancer that can affect the availability of
healthcare treatment and service accessibility. Such results can be also used to highlight new trends and
assess the impact of public health policies.
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Figure 1
Age-standardized incidence-based YLD per 100,000 rate for all cancers in Belgium and its regions by sex
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Figure 2
Age-standardized incidence rates and incidence-based YLD for top 5 cancers diagnosed in men from
2004 to 2018
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Figure 3
Age-standardized incidence rates and incidence-based YLD for top 5 cancers diagnosed in women from
2004 to 2018
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Figure 4
Age-standardized YLD prevalence-based YLDs per 100,000 rate for all cancers in Belgium and its regions
by sex
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Figure 5
Age-standardized prevalence and prevalence-based YLD for top 5 cancers diagnosed in men from 2013
to 2018
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Figure 6
Age-standardized prevalence and prevalence-based YLD for top 5 cancers diagnosed in women from
2013 to 2018
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