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1 | INTRODUCTION

Similar to many countries in the world, Belgium expe-
rienced a rapid increase in cancer diagnoses in the last
years. In 2019, 80,524 persons were diagnosed with can-
cer and a total of 432,106 people had a cancer diagnosis in
the previous 10years." The increase in cancer incidence
is largely attributed to population growth, the aging
population, and increased exposure to risk factors (e.g.
overweight and obesity, tobacco, exposure to human pap-
illomavirus or hepatitis B or hepatitis C viruses) result-
ing in a high unmet need for effective and well-tolerated
treatments as well as early disease detection.” Meeting
these needs requires a substantial increase in public
health and healthcare expenditure. For instance, an in-
creasing number of cancer patients leads to an increase
of healthcare expenditure for diagnostics and treatment,
as new treatment modalities typically require additional
healthcare spending.3 Nevertheless, the constrained
healthcare budgets have increased the pressure to imple-
ment cost-effective strategies,” including the prevention
of new cancer diagnoses. For this purpose, two main
designs are possible for cost-of-illness studies: a preva-
lence-based approach (in which new as well as pre-ex-
isting illness in a given year is assessed) is more suitable
for ascertaining the total current economic burden of a
disease, whereas an incidence-based approach (in which
only new cases are included) is more useful for ascertain-
ing the expected impact of a disease in the future (and
its potential prevention). In addition, considering costs
in the context of the disease burden—as captured by
the disability adjusted life years (DALY) metric—allows
comparisons of the economic and disease burden among
cancer or chronic diseases in general and may facilitate
health policy and decisions regarding resource alloca-
tion. Currently available studies on cost of cancer consti-
tute estimates derived by European or multistate studies
(OECD, WHO countries).*> While these estimates can
provide a broad (not tailored) overview of the health
status in Belgium, it remains a question whether these
estimates could be improved by making use of available
national registry data. Targeted studies were conducted
in Belgium dealing with specific site of the cancer,®’ not
allowing for a comparison among cancer sites.

In order to better understand the economic burden of
cancer in Belgium, our study aimed to estimate the annual
incremental healthcare costs sustained by the healthcare
system per cancer site (using a prevalence approach), and
to compare cost with burden of disease estimates to have
a better understanding of the impact of different cancer
sites in Belgium.

2 | METHODS

Our study concerns the linkage between a nationwide
registry database and the national health insurance
data: the Belgian Cancer Registry (BCR) collecting in-
formation on cancer diagnosis; and the Intermutualistic
Agency (IMA) summarizing healthcare expenditure
data. We opted for a prevalence-based approach, which
measures the disease attributable costs that occur con-
currently for 10-year prevalent cancer cases over a year
of reference, 2018.% Average attributable costs of cancer
were computed via matching of cases (patients with can-
cer by site) and controls (patients without cancer). Years
of life lost due to disability (YLD) were used to summa-
rize the health impact of the selected cancers and were
retrieved from the Belgian Burden of Disease study' for
the year 2018. YLD were also based on a 10-year preva-
lence perspective.

2.1 | Data sources

Data on cancer cases in Belgium were collected by the
BCR, which is a population-based registry regularly re-
porting on cancer patterns and trends in incidence and
cancer survival. It is nationally representative and exhaus-
tive, collecting data from the oncological care programs
(clinical network) and pathology laboratories (pathologi-
cal network).’ The recording of data (topography and mor-
phology) 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). For the current
study, we selected the ICD-10 codes shown in Table 1 re-
sulting in 21 cancer sites.’

The cancer diagnosis by year and site, as well as
whether there were additional cancer diagnoses in the
10years before inclusion were retrieved from the BCR.
These data were linked to the national health insurance
data compiled by IMA for the year 2018 using the national
registry number, which allows to identify each Belgian
resident. Health insurance is compulsory in Belgium cov-
ering more than 98% of the population. The IMA database
comprised reimbursed total healthcare costs, for every
payment modality (directly paid by the health insurance,
patients out-of-pocket and supplements). These expen-
ditures included ambulatory care and reimbursed med-
icines purchased through pharmacies (over-the-counter
pharmaceuticals excluded) and hospital care including
medications administered at the hospital. The IMA da-
tabase provided the healthcare cost for the year 2018 of
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the included cancer patients, as well as a control sample.
For both samples, IMA provided data on individual age,
sex, region of residence (i.e. Brussels-Capital, Flemish,
and Walloon Region) and reimbursement status. The lat-
ter refers to whether the person benefits from preferen-
tial reimbursement for healthcare use. In Belgium, this
is referred to as BIM (bénéficiaire de l'intervention ma-
jorée) or OMNIO (increased reimbursement of medical
costs for low income families) and it is granted to certain
categories of people (mainly people with low incomes,
beneficiaries of the social allowances, or elderly people
with a low income). This was considered as a proxy for
socioeconomic status. In addition to the variables above
described, the IMA database includes information on the
number of hospitalization visits for both controls and
cases.

TABLE 1 Selected cancer sites.

ICD-10 code Cancer location
C00-C14; C30-C32 Head and neck
C15-C16.0 Esophagus
C16.1-C16.09 Stomach

C18-C19 Colon

C20 Rectum

C22 Liver

C23-C24 Gallbladder and biliary tract
C25 Pancreas

C34 Bronchus and lung
C43 Malignant melanoma
C45 Mesothelioma

C50 Breast

C53 Cervix

C54 Corpus uteri

C56 Ovary

C61 Prostate

C62 Testis

Co4 Kidney

Ce7 Bladder

C71-C72 Central nervous system
C73 Thyroid

IstJan
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2.2 | Study design

Cancer patients were selected following a 10-year preva-
lence perspective. Cancer cases were defined as being
alive on January 1, 2018, and had at least one cancer di-
agnosis of the included cancer sites during the previous
10years (Figure 1). After appropriate calculation of the
sample size in order to achieve significant results, a maxi-
mum of 1435 cases was selected for each cancer site.

For each cancer case, four controls were assigned with
the exact same age (in years), sex, region of residence,
and reimbursement status. Controls were included if they
were alive on January 1, 2018 and did not have a cancer
diagnosis in the 10years prior to January 1, 2018.

2.3 | Statistical analysis

All analyses were performed in R version 1.4.1717.%°
Descriptive data are provided as means and SDs or fre-
quencies and percentages. Average incremental costs
associated with cancer were estimated at the individual
level for each cancer site using the method of standardiza-
tion (also known as g-computation).'"!* This method es-
timates the marginal difference in costs for the subgroup
being affected by one cancer site compared to the popula-
tion that does not have any cancer diagnosis.

A multivariable regression was performed in the
matched sample with average total healthcare costs as the
dependent and the presence of a specific cancer site, age,
sex, region of residence and reimbursement status as in-
dependent variables. A generalized linear regression was
used with costs modeled with a negative binomial distri-
bution. The estimated coefficients of the regression model
were used to predict the healthcare costs for each respon-
dent if the specific cancer was not present, keeping all
other characteristics as observed. The difference between
the two predicted costs was considered as the individual
incremental cost of the specific cancer site. Finally, the
attributable cost of the cancer site was computed as the
average of the individual incremental costs for the specific
cancer site. The confidence intervals (CI) of the incre-
mental values were obtained using the gnorm function on
the standard errors obtained from the regression models.

31t Dec
2017

At least one cancer diagnosis Reference year for cost computation

FIGURE 1 Selection of cancer cases.

1t Jan 2018 31 Dec 2018

Inclusion of alive patients
and linkage with IMA
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Total incremental costs were computed by multiplying the
mean incremental cost and the total number of cases in
2018 of each cancer site.

In addition to the incremental cost analysis, we ana-
lyzed the association of different variables that could af-
fect the cost attributable to cancer (i.e. age, years since
diagnosis, and number of cancer in different sites).
For this purpose we run different univariate regression
models with costs modeled with a negative binomial
distribution.

We used charts to illustrate the association between
YLD and average incremental cost per case for every can-
cer site.

3 | RESULTS

In total, 138,226 people were included in the analy-
sis—27,758 prevalent cancer cases and 110,468 controls.
The two samples had similar sociodemographic character-
istics as shown in Appendix Table Al. An initial descrip-
tive analysis of healthcare utilization showed that people
affected by cancer had significantly higher healthcare
costs than people without cancer (Table 2). Ambulatory
costs, including reimbursable medications purchased
in pharmacies, were the highest contributor to the total
healthcare costs (Table 2). Cases also had a significantly
higher number of hospitalizations than controls in the
year 2018. Some additional information on the sample of
cases included in the study showed that on average cases
were diagnosed 4.46years before inclusion and that the
great majority had only one cancer (88.5%), whereas 10.5%
was diagnosed with two cancers and 1% with three or
more cancer sites.

3.1 | Average incremental cost of cancer
Table 3 shows the results of the average incremental cost
by cancer site. The highest attributable cost among the
selected cancers was on average €15,867 per patient for
bronchus and lung cancer in 2018, followed by liver can-
cer, pancreatic cancer, and mesothelioma. In 2018, the
cancer types for which the average incremental cost per
patient was the lowest were uterine, prostate, and thyroid
cancer.

The analysis of the association between average incre-
mental cost attributable to cancer and different covariates
(Table 4) showed that the cancer patients between 65 and
74years had the highest cost of cancer (70.3% higher than
the youngest age group [<35years]). People affected by
cancer since less than 3years had the highest incremen-
tal cost compared to people with a cancer diagnosis since
more than 8years: 42% higher for 1year or less and 22.9%
for 2-3years of diagnosis. Having cancer in multiple sites
was also associated with higher costs (14.8% higher for
two sites and 16.7% higher for 3 or more sites).

Cost ratios are the exponential of the coefficients re-
sulting from the univariate analysis. They should be
interpreted as increasing by one level the independent co-
variates times the mean attributable costs by the cost ratio.

3.2 | Years lived with disability and
incremental healthcare cost

Figure 2 shows that for most cancer sites the YLD esti-
mates per case are commensurate with the incremental
healthcare cost per case (they lie around the 45° line).
In particular, the cancer sites that are in the left-lower

TABLE 2 Descriptive analysis of healthcare costs, hospitalizations, years since diagnosis, and total number of cancers for controls and

cases for 2018.
Controls Cases p-value®

N 110,468 27,758
Hospitalization costs, mean (SD) 1850.7 (7396.5) 5079.9 (12,943.7) <0.001
Ambulatory costs, mean (SD) 2994.4 (5832.9) 6986.5 (12,431.5) <0.001
Other costs, mean (SD) 162.9 (1063.0) 341.3(1392.4) <0.001
Total healthcare cost, mean (SD) 5007.9 (10,802.2) 12,407.7 (20,025.9) <0.001
Total number of hospitalizations, mean (SD) 0.48 (1.3) 2.29 (4.7) <0.001

Out of which day-hospital 0.22 (0.98) 1.62 (4.3) <0.001
Years since diagnosis, median (IQR) NA 4(2-7) NA
Total number of cancers, N (%)

1 NA 24,566 (88.5) NA

2 NA 2907 (10.5)

3 or more NA 285 (1.0)

Chi-squared test for categorical variables and one-way ANOVA test for continuous variables.
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TABLE 3 Average incremental costs
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and 95% confidence intervals by cancer . . ,95% Confidence
site. Cancer site Average incremental cost  interval

Bronchus and lung 15,904 15,686-16,122
Liver 15,313 15,123-15,503
Pancreas 14,046 13,906-14,186
Mesothelioma 13,041 12,623-13,459
Esophagus 12,158 12,020-12,296
Ovary 11,027 10,911-11,143
Central nervous system 9943 9796-10,090
Gallbladder and biliary tract 9883 9553-10,213
Head and neck 8299 8159-8439
Bladder 7294 7160-7428
Kidney 6633 6568-6698
Rectum 6309 6171-6447
Stomach 6095 5943-6247
Cervix uteri 4216 4111-4321
Colon 4030 3925-4135
Malignant melanoma of skin 3781 3660-3902
Breast 3589 3491-3687
Corpus uteri 2880 2831-2929
Prostate 2414 2372-2456
Thyroid gland 2264 2214-2314
Testis 1278 1226-1330

quadrant have a low impact on the YLD of individuals and
a lower cost per patient (e.g. breast, stomach, corpus uteri,
thyroid cancer). On the other hand, mesothelioma shows
a high YLD and high cost per case. Few cancers showed a
disproportion of YLD and cost per case.

For instance, people living with prostate cancer have
a high burden but the healthcare cost spent for these pa-
tients is not proportionate to their burden. Cancer sites
lying on the right-lower quadrant have a higher cost per
case than their YLD burden.

Data on the total healthcare cost and YLD burden are
summarized in Figure 8. When looking at the total cost,
bronchus and lung cancer was by far the most costly
cancer site with almost €700 million spent in 2018. Lung
cancer was followed by breast and colorectal cancer that
costed more than €300 million each in 2018 (Figure 3). In
the case of mesothelioma, the comparison of total YLD
and costs showed a different picture: mesothelioma has
the lowest total health and economic burden.

4 | DISCUSSION

We estimated the direct attributable cost of 21 differ-
ent cancer sites in Belgium, using data collected at the
national level. Ambulatory visits, including medication

costs, appeared to be the highest contributor to the total
healthcare expenditure of people with a cancer diagno-
sis. In 2018, people with a cancer diagnosis had a total
direct cost 2.5 times higher than people without cancer.
Bronchus and lung cancer, liver cancer, pancreas cancer,
and mesothelioma were among the sites with the highest
direct cost. This might be explained by the relatively low
survival and duration of the disease, leading to have in our
sample a combination of many “new” cases in 2018, with
a higher cost for starting a treatment, and cases in a final
stage of cancer in 2018, with higher end-of-life costs. We
also investigated the association between average incre-
mental cost attributable to cancer and different covariates
that could impact cost of cancer. Costs decreased with the
years since diagnosis and increased if cancer was present
in more than one site.

Comparing the average cost per case highlights the
cancer sites (bronchus and lung cancer, liver cancer,
pancreatic cancer, and mesothelioma) that are more
costly regardless of the number of people that are af-
fected by them. We were also interested in investigat-
ing which cancer sites have the highest burden on the
total healthcare cost reimbursed by the Belgian public
health insurance funds. Bronchus and lung cancer was
by far the most costly cancer site, with a cost two times
higher than breast and colorectal cancer (respectively
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TABLE 4 Costratios and 95% confidence intervals for
univariate analysis of average incremental cost attributable to
cancer.

Cost 95% confidence
N (%) ratios intervals
Age (years)
<35 1040 (3.7) Ref.
35-44 1761 (6.3) 0.986 0.933-1.044
45-54 2994 (10.8) 1.314 1.25-1.382
55-64 5549 (20.0) 1.599 1.526-1.676
65-74 7923 (28.5) 1.703 1.627-1.784
75-84 5957 (21.5) 1.644 1.569-1.723
85+ 2534(9.1) 1.459 1.388-1.535
Years since diagnosis
lyearorless 5361 (19.3) 1.420 1.389-1.452
From 2 to 7281 (26.2) 1.229 1.203-1.256
3years
From 4 to 5305 (19.1) 1.099 1.073-1.125
Syears
From 6 to 4461 (16.1) 1.057 1.031-1.084
7years
More than 5350 (19.3) Ref.
8years
Total number of cancers
1 24,566 (88.5)  Ref.
2 2907 (10.5) 1.148 1.123-1.173
3+ 285 (1.0) 1.167 1.092-1.246

the second and third most costly cancer sites at popu-
lation level). To date, only studies referring to the total
cost of cancer (without distinction among cancer site)’
or studies focusing on the cost of one specific cancer
site'® can be found in the literature. In the Flemish re-
gion, the direct cost attributable to breast cancer was es-
timated to amount to €12,037 per patient over a 6-year
period.” A study comparing the cost of different cancer
sites in the United States showed that the total national
expenditures for care of breast cancer was the highest,
followed by colorectal, lung, and prostate cancer,'* re-
vealing a similar rank to the one of our study.

Our study adopted a prevalence approach to assess
the total economic burden of a cancer site in a specific
year. This provides decision makers with a picture of the
global burden and the areas where cost containment pol-
icies would have the greatest impact,'® which is informa-
tive to design cost containment policies. This approach
should not be confused with the incidence approach
where lifetime costs are computed for the cases that
occur during the defined base incident year, and that are
more suitable for measuring the potential savings from
preventive interventions.® Within our approach, caution

isnonetheless warranted when contrasting costs between
prevalent cases versus controls.'® First, under our defi-
nition, prevalent cases have survived until January 1,
2018, in spite of their cancer. This may lead to selection
bias since the group of cancer cases likely contains fewer
people who have poor health for reasons other than their
cancer (e.g., lifestyle) than controls. Indeed, such cases
are at greater risk of death by January 1, 2018 than simi-
lar people in the control group, due to their cancer. Since
people with poor health likely also have higher medical
costs, such selection bias may have led to underestima-
tion of the attributable costs. This is contrary to the con-
founding bias expected as a result of not having matched
cases and controls on key lifestyle factors. The data avail-
able do not allow to neither include these factors in the
analysis nor quantify the bias derived from them. Second,
the comparison of attributable costs between cancer sites
is partly influenced by the fact that cases may be in dif-
ferent stages of disease between different cancer sites, as
a result of cancer site-specific mortality rates.

Policy actions addressing the burden of cancer and
its impacts should be twofold; first, addressing the onset
and recovery of cancer in Belgium, and secondly reduc-
ing its association with adverse health outcomes (e.g.,
complications) that result in a higher healthcare use.
These policies are needed to target cancer both at the in-
dividual level and at the population level, as highlighted
by our research. For instance, we showed that the cost
of bronchus and lung cancer is the highest and it is one
of the most prevalent in Belgium. Mesothelioma was the
cancer with the highest YLD per case rate and among
the cancers with the highest cost per case, but the lowest
total health and economic burden due to its low preva-
lence. This highlights the need to look at the problem
both from an individual and population perspective.
It was also revealed that some cancer sites have a low
health burden and healthcare cost per case. In the case
of breast and cervical cancer, these might be associated
with the success of screening measures achieving an
early detection and consequentially a lower burden. Cost
of current care (which is considered here) represents
one element to be considered in cost containment pol-
icies. A higher cost can also be associated with a higher
cost for innovative treatments resulting in increased
survival (and in the long run in a lower disability bur-
den and increased productivity). Ideally it should be
taken into account together with other factors: potential
and cost-effectiveness of screening, new therapies that
become available. In addition, higher costs and higher
YLD might correspond to a longer survival of people liv-
ing with cancer. Higher costs could be caused by new
treatments that improved survival and increasing time
of disease monitoring.
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FIGURE 2 Years lived with disability per case and average incremental healthcare cost per case by cancer site.

Total cost

bronchus and lung 688,069,331
breast 312,724,524
colon 282,290,082
rectum 184,749,602
prostate 166,773,805
head and neck 164,772,496
malignant melanoma of skin 87,763,627
bladder 81,119,005
kidney 75,835,089
liver 73,035,354
pancreas 45,125,116
ovary 41,539,628
oesophagus 34,744,524
stomach 32,195,822
corpus uteri 29,553,840
central nervous system 26,112,804
thyroid gland 19,936,029
cervix uteri 18,526,509
gallbladder and biliary tract 8,886,464
mesothelioma 5,913,007
testis 4,513,896

oesophagus bronchus ag lung
K central.nervous system liver
12,000 16,000
Total YLD

11,508 prostate

8,701 breast

7,233 colon

5,336 bronchus and lung

2,934 rectum

2,381 head and neck

1,808 bladder

1,526 malignant melanoma of skin

890 corpus uteri

p= 876 kidney
& 569 liver
552 ovary

551 thyroid gland

536 stomach

471 pancreas

359 oesophagus

353 cervix uteri

320 central nervous system

212 testis

15 gallbladder and biliary tract

103 mesothelioma

FIGURE 3 Comparison of total years of life lived with disability and total costs.

We would also like to draw the attention to the fact
that many of the high-ranking cancers are very strongly
linked to risk factors such as smoking, alcohol, lack of
physical activity, obesity, and environmental stressors.

This reinforces the message that the best investment for
health policy makers to reduce cancer and cancer costs
is to take actions to reduce these risk factors at the pop-
ulation level.
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4.1 | Strengths and limitations
Our analysis included national claims data collected at the
population level and include inpatient, outpatient health-
care, and prescribed medication. Considering that indirect
costs are difficult to track and quantify, our analysis fo-
cused on the direct cost of cancer. Indirect costs, including
loss of productivity and informal caregiving costs, repre-
sent an important part of cost for patients with cancer that
clearly add up to the total cost of cancer. Some limitations
are attributed to the possible failure to control sufficiently
for confounding and selection bias. This is due to the lim-
ited amount of available data in our data sources. For ex-
ample, neither BCR nor IMA has indication on lifestyle
risk factors and complete information on comorbidities.
Our results should be interpreted as a snapshot of
healthcare costs related to cancer in a specific year based
on a 10-year prevalence approach rather than lifetime
costs of cancer (incidence-based approach).

5 | CONCLUSION

In our study, the direct attributable cost of the most preva-
lent cancer sites in Belgium was estimated to provide use-
ful guidance for cost containment policies. The highest
healthcare costs occurred in bronchus and lung cancer
patients, for which both the total and the average cost per
patient were the highest. Mesothelioma was the cancer
with the highest YLD per case rate and among the cancers
with the highest cost per case. On the other hand, breast
and cervical cancer showed a low health and economic
burden per case. These might be associated with the suc-
cess of screening measures achieving an early detection
and consequentially a lower burden.
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TABLE A1 Total costs, prevalence, total and per case years of life lived with disability.

Total cost in
Cancer site Euros Prevalence®
Bladder 81,119,005 11,121
Breast 312,724,524 87,134
Bronchus and lung 688,069,331 43,264
Central nervous system 26,112,804 2626
Cervix uteri 18,526,509 4394
Colon 282,290,082 70,047
Corpus uteri 29,553,840 10,262
Gallbladder and biliary tract 8,886,464 899
Head and neck 164,772,496 19,854
Kidney 75,835,089 11,433
Liver 73,035,354 4770
Malignant melanoma of skin 87,763,627 23,212
Mesothelioma 5,913,007 453
Esophagus 34,744,524 2858
Ovary 41,539,628 3767
Pancreas 45,125,116 3213
Prostate 166,773,805 69,086
Rectum 184,749,602 29,284
Stomach 32,195,822 5282
Testis 4,513,896 3532
Thyroid gland 19,936,029 8806

Derived from Gorasso et al.!

Years of life lived with Total years of life
disability per case lived with disability®
0.163 1808
0.100 8701
0.123 5336
0.122 320
0.080 353
0.103 7233
0.087 890
0.128 115
0.120 2381
0.077 876
0.119 569
0.066 1526
0.227 103
0.126 359
0.147 552
0.147 471
0.167 11,508
0.100 2934
0.101 536
0.060 212
0.063 551
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