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ABSTRACT

Objective The aim of this study is to estimate the indirect
economic burden of 22 cancer types in Jordan using both
the human capital approach (HCA) and the value of a
statistical life year (VSLY) approach. Additionally, this study
aims to forecast the burden of these cancers for the next 5
years while employing time series analysis.

Design Retrospective observational study with a time
series analysis.

Participants Disability adjusted life years records from
the IHME Global Burden Disease estimates 2019 data.
Primary outcome measure Indirect economic burden of
cancer in Jordan.

Results The mean total economic burden for all cancers
is estimated to be $1.82 billion using HCA and $3.13 billion
using VSLY approach. The cancers contributing most to
the total burden are ‘tracheal, bronchus and lung cancer’
($359.5 million HCA, $618.3 million VSLY), followed

by ‘colon and rectum cancer’ ($300.6 million HCA,

$517.1 million VSLY) and ‘breast cancer’ ($292.4 million
HCA, $502.9 million VSLY). The indirect economic burden
ranged from 1.4% to 2.1% of the gross domestic product
(GDP) using the HCA, and from 2.3% to 3.6% of the GDP
using the VSLY approach. The indirect economic burden is
expected to reach 2.3 and 3.5billion Inti$ by the year 2025
using the HCA and VSLY approach, respectively.
Conclusion The indirect economic burden of cancer

in Jordan amounted to 1.4%-3.6% of total GDP, with
tracheal, bronchus and lung cancer; colon and rectum
cancer; and breast cancer contributing to over 50% of the
total burden. This will help set national cancer spending
priorities following Jordan’s economic modernisation vision
with regard to maximising health economic outcomes.

INTRODUCTION

The Hashemite Kingdome of Jordan, amiddle-
income country situated in the Middle East
that has experienced significant economic
challenges and stagnant economic growth
in recent years; the COVID-19 pandemic,
regional conflicts and the large influx of
refugees have all had negative impacts on
Jordan’s national economy.' Health is a major
contributor to a country’s national economy,
and cancer in particular is a significant health
concern in Jordan, with a growing burden
that requires calculated government inter-
ventions in light of the current stringent

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Two valuation approaches (ie, human capital ap-
proach and value of a statistical life year) were used
to estimate the indirect economic burden of 22 can-
cers in Jordan.

= The results were presented as a proportion of the
gross domestic product to facilitate cross-country
comparisons.

= The conservative valuation approach aligns with re-
gional policy preferences, increasing its applicability.

= The lack of data on informal care and direct disease
costs in Jordan may limit the comprehensiveness of
the analysis.

economic liquidity.”® The high proportion of
chronic diseases (including cancer) among
refugees, has placed a significant economic
burden on Jordan’s healthcare system.” The
United Nations High Commissioner for Refu-
gees reported that breast cancer was the most
common cancer among refugees in Jordan
between 2011 and 2012.2 Moreover, the Inter-
national Agency for Research on Cancer
reported that in 2020, there were 11559 new
cancer cases in Jordan; the most common
types of cancer were breast cancer, accounting
for 20.8% of all cases, followed by colorectal
cancer (10.9%), lung cancer (9.1%), bladder
cancer (4.9%) and leukaemia (4.9%)."

One way to understand the mnational
burden of a disease is by looking at how it
affects a person’s quality of life, also known as
health related quality of life, which combines
mortality and morbidity into one overall
score.” Disability adjusted life years (DALYs)
is one of these measures which was first
coined by Murray and Lopez®; DALYs repre-
sent the total years of life lost (YLLs) due to
dying early from a disease and the proportion
of ‘healthy life years’ lost because of living
with a disease.

Understanding the burden of disease is
crucial not only for assessing the impact on
an individual’s health, but also for evalu-
ating the economic implications at a national
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level.” The economic burden of a disease can be substan-
tial, encompassing both direct costs (such as medical
expenses) and indirect costs (such as productivity loss due
to disability or premature death).® The indirect economic
burden, in particular, represents a significant portion of
the total cost of illness (COI); it includes the forgone
value of economic output lost due to disease-related work
absences (absenteeism), reduced productivity while at
work (presenteeism) and premature death (mortality).g
Therefore, by monetising the disease burden in terms
of DALYs, we can estimate the potential productivity loss
due to that specific disease. This information is invaluable
for policy makers when establishing financing priorities
for healthcare, as it provides a comprehensive view of the
disease’s impact on society."

In the context of this study, understanding and quanti-
fying the disease burden of various cancers in Jordan will
provide insights into the forgone economic productivity
due to these cancers; Hence, the aim of this work is to
estimate the indirect economic burden of 22 cancer types
in Jordan to aid in establishing cancer financing priorities
from a national economic perspective. Moreover, time
series analysis was applied for the time period 1990-2019
and the indirect economic burden was forecasted for the
years 2020-2025, while presenting the results as a propor-
tion of total gross domestic product (GDP) to facilitate
international comparisons and transferability.

METHODS
Many methods have been adopted by health econo-
mists to value the economic burden due to disease. Two
main methods are often employed'' '%; first is value of
a statistical life (VSL) approach which is based on the
willingness-to-pay (WTP), where it estimates the disease
burden by weighing the tradeoffs that individuals would
be willing to make to reduce their chances of dying.
The VSL approach often estimates the upper bound of
the indirect economic burden.'”® The second (and the
more commonly used) method is the human capital
(HC) approach (HCA), or the forgone output approach,
which is partial to the COI approach, where the forgone
productivity of premature mortality and morbidity are
monetised based on the projected economic output per
Calpita.7 " In theory, the HCA should provide the lower
bound estimates of the economic burden compared
with the VSL approach; this is attributed to that the VSL
further captures the utility derived from intangibles such
as being alive and spending time with loved ones in addi-
tion to economic consumption, in contrast to the HCA
where only tangible economic output is considered."
Owing to the data scarcity of informal care and direct
disease costs of cancer in Jordan, the analysis in this work
was restricted to the financial value of lost productivity
(indirect costs) from cancer patients due to premature
mortality and morbidity from a national perspective. This
is done by using country specific, age-adjusted DALYs
reported by the Global Burden of Disease study 2019

estimates for Jordan."* When it comes to calculating the
economic value of DALYs, it is generally better to use
more cautious valuation methods. In this work, the most
conservative estimation approach was always employed as
policy makers in the region are still reluctant to consider
indirect cost estimates in their reimbursement decisions.
Using age-standardised DALY estimates provide more
conservative estimations of the national economic loss
compared with normal DALY values.'”

Age standardised DALY rates for 22 cancers (e,
bladder cancer; brain and central nervous system cancer;
breast cancer; cervical cancer; colon and rectum cancer;
oesophageal cancer; gallbladder and biliary tract cancer;
kidney cancer; larynx cancer; lip and oral cavity cancer;
liver cancer; nasopharynx cancer; non-melanoma skin
cancer; other pharynx cancer; ovarian cancer; pancre-
atic cancer; prostate cancer; stomach cancer; testicular
cancer; thyroid cancer; tracheal, bronchus, and lung
cancer; and uterine cancer) were used in this analysis
along with their corresponding YLL (mortality) and
year lived with disability (YLD) (morbidity) estimates.
All values were provided with upper and lower estimates,
in addition to the mean estimate value.'* To model the
indirect costs of the aforementioned cancers in Jordan,
we further used population size and GDP per capita
(GDPpc) data from the World Bank Group,'® while life
expectancy and gross national income (GNI) per capita
(GNIpc) were extracted from the WHO.' Sources were
selected based on the data availability for Jordan for the
years 1990-2019.

Forgone economic loss estimates (indirect costs) were
calculated for the year 2019 using same year current inter-
national dollars (Intl$), adjusted for purchasing power
parity (PPP). The PPP approach allows for a more accu-
rate comparison of economic data between countries by
accounting for differences in cost of living and inflation
rates.'” This is particularly important in health economics
where costs can vary significantly between countries due to
differences in healthcare systems, wage levels and general
price levels."” Hence, using PPP-adjusted international
dollars would align the methodology with established
practices in the field of health economics, enhancing the
credibility and comparability of the results. Total DALYs
were calculated for each corresponding year and cancer
type by multiplying the DALY rate by the population esti-
mates for the same year. Additionally, since the economic
value of DALYs is influenced by the GDPpc, results were
also expressed as a percentage of total GDP to provide a
more useful measure in comparison to other countries.
Time series analysis was conducted to investigate the
overall cancer situation over the past 30 years. Following
are the detailed methodologies used in this work for both
the HC and the VSL approaches in addition to the time
series analysis.

Human capital approach
Multiple researchers have implemented the use of GNIpc
as a proxy for the monetary value of a DALY.*”* As with
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previous studies, PPP approach was used instead of Atlas
method for determining GNIpc. The PPP method is more
accurate for cross-country income per capita comparisons
as it accounts for differences in price levels among coun-
tries, facilitating cross-country comparison. For this work,
and provided the conservative approach adopted, each
DALY lost was valued as one GNIpc, although values of
one, two and three times the GNIpc were suggested as
proxies for each DALY.?*?* For instance, in 2019, the total
mean DALY estimate for breast cancer was 29418.6843
DALYs, multiplied by the GNIpc Intl§, PPP value of 9940
gives the estimated forgone monetary value of 292421 722
Intl$, PPP, noting that the numbers in the table have been
rounded to enhance readability. The same approach was
used to calculate the monetary value of the YLDs and
YLLs.

VSL year approach
The VSL represents the maximum amount an indi-
vidual is prepared to pay to reduce their risk of death;
this approach is frequently employed by government
bodies to assess the potential economic benefits of invest-
ments in areas with limited resources.”” ** * In countries
where specific VSL studies have not been conducted, it
is possible to use estimates from other countries after
adjusting based on the GDP or GNL.2* %

Income-elasticity factor plays a crucial role in adjusting
monetary estimates between countries with different
income levels; as individuals in higher-income countries
are generally willing to pay more to reduce their risk of
death compared with individuals in lower-income coun-
tries reflecting the WTP.2 % In the context of this work,
it is employed to adjust the VSL estimated from a high-
income country (ie, USA) to a middle-income country
(ie, Jordan). Provided that healthcare is a necessity
rather than a luxury, and that its consumption does not
increase proportionally with income, and owing to the
conservative estimation approach adopted in this work,
an income-elasticity factor of 0.85 was used to enhance
the reliability of the VSL estimate, following Miller’s
recommendation.™

Estimates show that the VSL for the USA is
US$7.2million.31 This number has remained constant
over the past 5 years’' **; hence, no inflation adjustment
was employed. After adjusting for the GNIpc following
Kotagal et a127; the VSL for Jordan in 2019 amounts to
US$1.157 million using an elasticity factor of 0.85 adopted
from Miller.” On the other hand, a recent study by Sweis”'
reported that the world average VSL is estimated to be
US$1.3 million. This estimate is also in line with another
study where the VSL was estimated to be US$1.3 million
for upper-middle income countries.™

It can be seen that both VSL estimates ($1.157 million
and $1.3million) are close to each other, validating the
utility of the GNI transferability approach in calculating
national VSL estimates. However, in this work, the VSL
for Jordan was assumed to be US$1.3million following
Sweis®' and Viscusi and Masterman.” Consequently, the

VSL year (VSLY) can be derived from the VSL by dividing
the VSL by the life expectancy,® which was 76.04 years in
Jordan for 2019; this calculation resulted in a VSLY value
of $17096 in Jordan, which will be used to assign a mone-
tary value to each DALY in this work. For instance, in
2019, the total mean DALY estimate for breast cancer was
29418.6843 DALYs, multiplied by the calculated value of
VSLY 17 096.26512 gives the estimated forgone mone-
tary value of $292 421 722, noting that the numbers in
the table have been rounded to enhance readability. The
same approach was used to calculate the monetary value
of the YLDs and YLLs.

Time series analysis and forecasting

DALY rates from 1990 to 2019 were used as the base case
for the time series analysis. Using both the HC and VSLY
estimates, the total annual cancer indirect economic
burden was summed for all 22 cancers and is further used
for the analysis. DALY rate and the total economic burden
were investigated against time using Excel. Changes in the
annual DALY rate and cumulative total economic burden
were also highlighted. Forecasting was done using SPSS
V.23 expert modeller module for indirect economic loss
estimates up to the year 2025 using the HCA.

Patient and public involvement

This research was done without patient involvement.
Patients were not invited to comment on the study design
and were not consulted to develop patient relevant
outcomes or interpret the results. The data used in this
study are anonymised and were obtained from publicly
available databases, which means they do not contain
any information that could be used to identify individual
patients. However, the results of this study can help inform
public health policies and set national cancer spending
priorities, which could indirectly benefit patients and the
public in Jordan.

RESULTS

Table 1 shows the detailed indirect economic burden for
each investigated cancer type in Jordan for the year 2019
using two approaches: The HCA and the VSLY approach.
The mean estimates, along with their corresponding
lower and upper bounds are presented for each type of
cancer (a summary of total DALYs, YLLs and YLDs for
all cancer types is available in online supplemental table
1). The mean total economic burden for all cancers is
estimated to be $1.82 billion using HCA and $3.13 billion
using VSLY approach. The cancers contributing most to
the total burden are ‘tracheal, bronchus and lung cancer’
($359.5 million HCA, $618.3million VSLY), followed
by ‘colon and rectum cancer’ ($300.6million HCA,
$517.1 million VSLY) and ‘breast cancer’ ($292.4 million
HCA, $502.9 million VSLY). These three cancers alone
account for over 50% of the total indirect economic
burden in Jordan.
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Continued

Table 1

VSLY lower Percent of

VSLY upper

HCA (GNICP)
lower ($)
5938812
5853010
66535

HCA (GNICP)

upper ($)
9400667
9263775
149736

9087977
7879511

total measure

0.4

estimate ($)
10214438
10066861
114437

estimate ($)
16168641
15933194
257538

VSLY $)t

HCA (GNICP) ($)*

7425993
7322485
103507

6668588
5653084
1015504

Measure
DALYs
YLLs

Cause

12772308
12594280
178027

Other pharynx

cancer

0.4
0.4

YLDs

8237437
6920628
785427

15630831

11469612
9723001
1746612

4789357
4023747
456658

DALYs
YLLs

Testicular cancer

1.7
0.3

13552335
3215842

1869734

YLDs

100.0
100.0
100.0

3859644801 2487476230

3127782165
3026373331

1446252357
1401979766

38141497

2244049741

1818534896
1759574427

DALYs
58960475

YLLs

Total cancers

2411329756
65601322

3732766602
145211390

2170281038
84427868

101408845

YLDs

9940 Intl$, PPP.

*GNIpc 2019

$17096 Intl$, PPP.
DALYs, disability adjusted life years; GNIpc, gross national income per capita; HCA, human capital approach; VSLY, value of a statistical life year; YLDs, years lived with disability; YLLs, years

of life lost.

TVSLY multiplier:

In terms of morbidity, ‘breast cancer’ stands out with
the highest contribution from total cancer morbidity
($17.6million HCA, $30.2million VSLY), followed by ‘pros-
tate cancer’ ($7.8 Million HCA, $13.5million VSLY) and
‘colon and rectum cancer’ ($8.6million HCA, $15.1million
VSLY). On the other hand, ‘non-melanoma skin cancer’
has the lowest morbidity contributions, ($57 081 HCA
$98 175 VSLY). Conversely, mortality costs are highest
for tracheal, bronchus and lung cancer ($355.9million
HCA, $612.3million VSLY), colon and rectum cancer
($291.9million HCA, $502million VSLY) and breast cancer
($274.9million HCA, $472.7million VSLY).

The per cent contribution of different types of cancers
from the total indirect economic burden cancer are also
presented in table 1. Each type of cancer is listed with its
corresponding percentage contribution out of that total
specific measure. In terms of morbidity; ‘breast cancer’
has the highest contribution with 29.8% of total cancer
morbidity burden, followed by ‘prostate cancer’ at 13.3%
and ‘colon and rectum cancer’ at 14.8%. On the other
end of the spectrum, ‘non-melanoma skin cancer’ and
‘other pharynx cancer’ have the lowest disability contri-
butions, both less than 1% of the total disability burden.
On the other hand; ‘tracheal, bronchus and lung cancer’
contribute the most to mortality with 20.2% of total
cancers mortality, followed by ‘colon and rectum cancer’
at 16.6% and ‘breast cancer’ at 15.6%. This underscores
the severe health impact of these cancers which conse-
quently reflects on the economic burden. When consid-
ering both morbidity and mortality (ie, total burden);
‘tracheal, bronchus and lung cancer’ contribute the most
to the total cancer measure with 19.8%, followed by ‘colon
and rectum cancer’ at 16.5% and ‘breast cancer’ at 16.1%.
Interestingly, while testicular cancer has a relatively low
total cost, it has a high disability contribution (13.3%),
indicating a significant impact on patients’ quality of life
despite its lower prevalence or mortality rate.

Table 2 shows the indirect economic burden due to
each cancer type as a per cent of GDP in Jordan for the
year 2019. The total economic burden of all cancers, when
considering both the HCA and the VSLY approaches,
accounted for a significant portion of Jordan’s GDP
where the indirect economic burden ranged from 1.4%
to 2.1% of the GDP using the HCA, and from 2.3% to
3.6% of the GDP using the VSLY approach.

Time series impact of cancer burden in Jordan for the
years 1990-2019 is depicted in figures 1 and 2. Figure 1 illus-
trates the annual DALY rate attributed to cancer in Jordan;
although the graph showcases fluctuations in DALY rate,
yet overall, the burden seems to be going in a downward
direction with a total of 11% reduction in total DALYs over
the investigated 30 years. On average, DALYs decreased by
0.37% annually. Conversely in figure 2, we observe an inter-
esting trend. Despite the decrease in the burden of disease in
terms of DALYs, the indirect economic impact of cancer has
more than doubled, increasing from $80.85 HCA per capita
(HCApc) to $169.98 HCApc. This represents a total increase
of 210% over the investigated 30 years, with an average
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Table 2 Indirect economic burden due to each cancer type as a per cent of GDP in Jordan* for the year 2019
Economic burden as a per cent of Economic burden as a per cent of
Cause GDP (lower (%), upper (%))—HCA GDP (lower (%), upper (%))—VSLY

Tracheal, bronchus and lung cancer
Colon and rectum cancer

Breast cancer

Pancreatic cancer

Stomach cancer

Brain and central nervous system cancer
Prostate cancer

Bladder cancer

Liver cancer

Ovarian cancer

Kidney cancer

Gallbladder and biliary tract cancer
Oesophageal cancer

Cervical cancer

Lip and oral cavity cancer

Uterine cancer

Larynx cancer

Thyroid cancer

Nasopharynx cancer
Non-melanoma skin cancer

Other pharynx cancer

Testicular cancer

Total cancers

0.345 (0.283, 0.418)
0.289 (0.241, 0.347)
0.281 (0.219, 0.356)
0.118 (0.098, 0.140)
0.112 (0.09, 0.135)
0.100 (0.071, 0.123)
0.097 (0.068, 0.125)
0.069 (0.055, 0.087)
0.054 (0.043, 0.067)
0.047 (0.034, 0.061)
0.035 (0.028, 0.043)
0.032 (0.026, 0.039)
0.027 (0.021, 0.033)
0.026 (0.019, 0.035)
0.025 (0.020, 0.030)
0.023 (0.018, 0.031)
0.017 (0.013, 0.023)
0.015 (0.012, 0.019)
0.013 (0.010, 0.016)
0.010 (0.008, 0.012)
0.007 (0.006, 0.009)
)

0.006 (0.005, 0.009
1.722 (1.375, 2.117)

*Jordan’s GDP for 2019 was 103 760 457 734 Intl$, purchasing power parity.

0.592 (0.485, 0.717)
0.496 (0.413, 0.595)
0.482 (0.376, 0.611)
0.203 (0.169, 0.241)
0.193 (0.160, 0.232)
0.172 (0.122, 0.212)
0.166 (0.116, 0.215)
0.119 (0.095, 0.149)
0.092 (0.074, 0.115)
0.081 (0.058, 0.105)
0.060 (0.04, 0.073)

0.055 (0.045, 0.068)
0.046 (0.037, 0.057)
0.045 (0.033, 0.061)
0.042 (0.035, 0.052)
0.040 (0.030, 0.052)
0.030 (0.023, 0.039)
0.025 (0.021, 0.032)
0.022 (0.018, 0.028)
0.017 (0.014, 0.020)
0.012 (0.010, 0.016)
0.011 (0.008, 0.015)
2.926 (2.341, 3.586)

GDP, gross domestic product; HCA, human capital approach; VSLY, value of a statistical life year.

annual increase in the total cancer economic burden per
capita of 2.43%. This increase can mostly be attributed to the
tripling of the per capita income in Jordan over the past 30
years. However, when we consider the total cancer economic
burden as a percentage of the total GNI, an interesting trend
emerges. Figure 3 shows that the relative economic burden

of total cancer has actually decreased, from 1.9% to around
1.7% (ie, 11.1% decrease). This suggests that while the abso-
lute economic impact of cancer has increased, the relative
economic burden, when considered as part of Jordan’s
overall economic output, has slightly decreased, reflecting
the improvement in overall DALYs.

DALY rate vs. Time

2000.00
1950.00
1900.00
1850.00
1800.00
1750.00
1700.00
1650.00
1600.00
1550.00

DALY RATE

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

YEAR

Figure 1 Total disability adjusted life year (DALY) rates of the 22 in Jordan 1990-2019.
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Economic burden per capita VS. Time
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Figure 2
human capital approach.

Table 3 shows the forecasted estimates for total
economic cancer burden for the investigated 22 cancers
in billion Intl$, PPP along with their lower and upper
estimates using both the HC and the VSLY approaches;
for the HCA, the total economic burden increases from
1.9billion Intl$ in 2020 to 2.3 billion Intd$ in 2025. Simi-
larly, for the VSLY approach, the total economic burden
increases from 3.2billion Intl$ in 2020 to 3.5 billion Intl$
in 2025.

DISCUSSION

This analysis highlights the significant indirect economic
burden associated with various types of cancer in Jordan,
emphasising the urgent need for effective prevention,
early detection and calculated treatment strategies on
a national level. These findings provide a comprehen-
sive picture of the economic burden of different types
of cancers, offering valuable insights for policymakers,
healthcare providers and researchers in prioritising
resources and strategies in cancer control. Moreover, the
significant economic burden of these cancers provides
a strong economic argument for investing in cancer

2002

N S N ON®HO = N®M S ! ON 0

O O O O O O O ™ ™ = = = = o o A

S O 000000000000 O O o

N N NRRNNNNCNCCNQQQQ
YEAR

Indirect economic burden per capita of the 22 cancers in Jordan 1990-2019 in (Intl$, purchasing power parity). HCA,

control, both in terms of healthcare costs and the broader
impact on society.

The results indicate that in Jordan, the three cancer
groups contributing most to the total indirect costs are
tracheal, bronchus and lung cancer; colon and rectum
cancer; and breast cancer, respectively. These three
cancer groups combined account for over half of the total
indirect economic burden cause by cancer in Jordan,
indicating their substantial national economic impact. In
terms of absolute morbidity costs, the results show that
the highest morbidity costs were associated with tracheal,
bronchus and lung cancer, followed by colon and rectum
cancer, breast cancer and prostate cancer. A global inves-
tigation reported significant international disparities
for tracheal, bronchus and lung cancer.”® Moreover, a
systematic review reported that the indirect costs of breast
cancer in women, were significantly high.'” Breast cancer
high morbidity proportion highlights the long-term
impact of these cancers on patients’ quality of life and
the importance of specific supportive care and rehabili-
tation in cancer management strategies. Conversely, non-
melanoma skin cancer’s low morbidity contributions can

Economic burden as a percent of GNI vs. Time

2.00%
1.95%
1.90%
1.85%
1.80%
1.75%
1.70%
1.65%
1.60%
1.55%
SB35 585888388 088528588 8¢8¢8
Y = " A 1 H HJH AN AN AN AN AN AN AN AN AN NN NN NN NN N NN
YEAR
Figure 3 Indirect economic burden of the 22 cancers in Jordan as a per cent of gross national income (GNI) 1990-2019.
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Table 3 Indirect economic burden forecast due to the 22
cancers in Jordan for the years 2020-2025 in billion IntI$,
purchasing power parity

Total economic burden
(lower, upper)—VSLY

Total economic
burden (lower,

Year upper)—HCA approach

2020 1.9 (1.8, 2.0) 3.2 (3.1, 3.3)
2021 2.0(1.9,2.1) 3.3 (3.0, 3.5)
2022 2.0(1.9,2.2) 3.3(2.9, 3.7)
2023 2.1 (1.9, 2.4) 3.4 (2.8, 4.0)
2024 2.2 (1.9, 2.5) 3.5 (2.6, 4.3)
2025 2.3(1.9,2.7) 3.5 (2.5, 4.5)

HCA, human capital approach; VSLY, value of a statistical life year.

be an indication of relatively lower severity/prevalence or
better management of these cancers. The mortality costs
are highest for tracheal, bronchus and lung cancer; colon
and rectum cancer; and breast cancer, underscoring
the urgent need for effective interventions to reduce
mortality from these cancers. Testicular cancer, despite its
relatively low total cost, has a high disability contribution,
indicating a significant impact on patients’ quality of life
despite its lower prevalence or mortality rate. Given the
above, itis important to note that the costs associated with
cancer are multifaceted and can vary widely depending
on numerous factors such as the stage of cancer at diag-
nosis, the patient’s overall health, the specific treatments
used, and the country’s healthcare system; hence, each
country should design its own management programme
not influenced by general international guidelines.

Regarding the time series analysis, it was obvious that
the DALY rate has been decreasing over the years, indi-
cating areduction in the overall burden of cancer in terms
of mortality and morbidity. While a decreasing DALY rate
might suggest fewer people are suffering from cancer,
those who do get cancer might be living longer due to
improved treatments.”® This could lead to increased
direct costs over time as patients require ongoing treat-
ment. However, from a societal perspective, and due to
the increase in mortality age, the additional direct costs
are easily offset by the indirect benefits achieved. Fluctu-
ations in cancer DALY rate over this three-decade period
can be attributed to various factors; for instance, changes
in cancer incidence rates, influenced by factors like life-
style, genetics and environmental exposures, can lead to
fluctuations in DALYs.” Also, improvements in cancer
screening and early detection programmes may have
reduced DALYs by diagnosing cancer at earlier, more
treatable stages.” %7 Moreover, advances in cancer treat-
ments, better healthcare infrastructure, and increased
access to medications have contributed to improving
cancer survival rates and reducing the YLDs.”® The
interplay of these factors reflects the dynamic nature of
cancer’s burden on the Jordanian population’s overall
health over time.

A similar recent global study” employed a unique meth-
odology, using a decision analytical model that incor-
porates economic feedback. This model assessed health
outcomes associated with changes in labour force supply
and investment diversions. The study’s findings for upper-
middle-income countries indicated that the economic
burden of cancer was 0.535% (0.353%-0.779%) of
the GDP. This figure is nearly half of the estimates for
Jordan using the HCA. This discrepancy can be primarily
attributed to differences in methodology, the incorpora-
tion of broader economic factors such as labour supply
and investment diversion, the types of cancer considered,
and the scope of the study. However, if we adjust the HCA
used in the Jordan study to incorporate the unemploy-
ment rate, the estimates become more aligned with the
global study. Further incorporation of the investment
diversion may bring the results even closer. Moreover, the
forecasted increase in the economic burden of cancer in
the Jordan study aligns with the global study’s projection
of an increasing economic toll of cancers, underscoring
the need for continued research and investment in cancer
prevention and treatment.

To mitigate the indirect productivity losses associated
with cancer, several policy strategies could be considered.
Implementing return-to-work programmes can expe-
dite the process of cancer survivors rejoining the work-
force, thereby reducing productivity losses.* Expanding
coverage for supportive care services can address phys-
ical and mental health impairments that contribute to
disability costs.*’ Investing in research to reduce long-
term disability can help lower productivity losses by mini-
mising the long-term effects of cancer and its treatment.*
Promoting early detection and prevention can lead
to higher survival rates and lower long-term disability,
as many cancers are more manageable when detected
early.” Finally, transitioning to value-based reimburse-
ment models can incentivise healthcare providers to
focus on long-term outcomes and quality of life, which
can ultimately reduce indirect productivity losses.** **
These strategies aim to lessen the economic burden of
cancer, but their effectiveness would need to be evaluated
in the context of Jordan’s healthcare system and patient
population.

The economic burden presented in this study
represents the indirect costs associated with cancer in
Jordan. These costs, quantified in terms of DALYs, reflect
the lost economic productivity due to premature death
and disability from cancer. Policymakers could use this
information in a cost-benefit analysis when considering
different interventions. For instance, if an intervention
could reduce the total cancer burden by 5%, this could
potentially resultin a 5% reduction in these indirect costs.
By investing in effective interventions, policymakers have
the opportunity to significantly reduce the economic
impact of cancer, thereby promoting both public health
and economic productivity.

While this work provides comprehensive estimates
for indirect economic burden for 22 types of cancer in
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Jordan, it does not cover all types of cancers. Notably,
cancers such as leukaemia, non-Hodgkin’s lymphoma,
endometrial cancer, melanoma and skin cancer are not
discussed in this paper. These exclusions are a limitation
of the current study and suggest an opportunity for future
research. Also, national non-gender specific estimates
were used for calculating the economic burden of cancer.
This approach could potentially introduce bias, particu-
larly for gender-specific cancers. Future research should
aim to incorporate gender-specific estimates to enhance
the accuracy of the economic burden calculations. More-
over, it is important to note that each type of cancer has
unique characteristics and challenges, and the findings
of this paper may not be applicable to the excluded types.
it is also important to note that while these methods are
widely used, they do have limitations; the VSL method
assumes that individuals have perfect information about
risks and that they can trade off wealth for risk in a fric-
tionless market. Similarly, furthermore, the use of the
HCA excludes non-market productivity which can under-
estimate the burden. On the other hand, while the DALY
metric has been extensively used in burden of disease
studies, it is important to acknowledge its limitations.
One significant critique is that the disability weights used
in DALY calculations are not adjusted to reflect regional
or cultural variations in health perceptions and values.*
This lack of adjustment may lead to potential biases in
the estimated burden of disease, as the same health state
may be perceived differently across different cultures or
regions.”” Moreover, the DALY method assumes that a
year of healthy life is equally valuable at all ages, hence
age-standardised DALYs were used instead to minimise
the value difference across age groups. Finally, it is worth
noting that the data used is up to the year 2019, that is
before COVID-19, hence forecasting estimates for the
next 5 years may be conservative provided the COVID-19
comorbidity.

Conclusion

This study highlights the significant indirect economic
burden of cancer in Jordan amounting to 1.4%-3.6%
of total GDP, with tracheal, bronchus and lung cancer;
colon and rectum cancer; and breast cancer contrib-
uting most to the total costs. Despite a decrease in the
DALY rate over the years, the economic impact of cancer
on Jordan’s economy is still growing. Further research
is needed to explore the cost-effectiveness of different
cancer control strategies and to update these estimates
as new data becomes available. Collaborative efforts are
needed on a global scale to tackle this issue, including
sharing research, knowledge and best practices, while
working collectively to advocate for policies that will
reduce the global cancer burden.
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