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Abstract

Background Cancer is the third leading cause of mortality in the world, and cancer patients are more exposed to financial
hardship than other diseases. This paper aimed to review studies of catastrophic healthcare expenditure (CHE) in cancer
patients, measure their level of exposure to CHE, and identify factors associated with incidence of CHE.

Methods This study is a systematic review and meta-analysis. Several databases were searched until February 2020, including
MEDLINE, Web of Science, Scopus, ProQuest, ScienceDirect and EMBASE. The results of selected studies were extracted
and analyzed using a random effects model. In addition, determinants of CHE were identified.

Results Among the 19 studies included, an average of 43.3% (95% CI 36.7-50.1) of cancer patients incurred CHE. CHE
varied substantially depending on the Human Development Index (HDI) of the country in which a study was conducted. In
countries with the highest HDI, 23.4% of cancer patients incurred CHE compared with 67.9% in countries with the low-
est HDI. Key factors associated with incidence of CHE at the household level included household income, gender of the
household head, and at the patient level included the type of health insurance, education level of the patient, type of cancer
and treatment, quality of life, age and sex.

Conclusion The proportion of cancer patients that incur CHE is very high, especially in countries with lower HDI. The
results from this review can help inform policy makers to develop fairer and more sustainable health financing mechanisms,
addressing the factors associated with CHE in cancer patients.

Key Points for Decision Makers 1 Introduction

Reviewed studies of health expenditures among cancer Health is a human right that is necessary in all the stages
patients in different countries indicate substantial expo- of life and must not be affected by wealth or income [1-3].
sure of the patients and their households to CHE. Presently, the rising costs of healthcare services and their

impact on households and the economy have become major
concerns for health policy makers [4-7]. Catastrophic health
expenditure (CHE) is a measure of financial hardship expe-
rienced by households due to health expenditures. In other
words, it refers to health expenditures exceeding a certain

The exposure of cancer patients to CHE is driven by the
expensive care required, and demonstrates shortfalls in
health financing mechanisms resulting in unfair contri-
bution in the health system.

Policy makers can plan a fairer financing system for proportion of household income or expenditure and which
cancer patients based on the key determinants identified are thus likely to displace other non-discretionary spend-
in this review. ing. The measurement of CHE therefore reflects a house-

hold’s ability to pay, and is not determined solely by health
expenditure [8].

Cancer care affects the financial resources of all house-
holds, causing some to incur CHE—particularly those with

04 Edris Hasanpoor household members at the end-of-life stage [9]. As the
edihasanpoor @gmail.com third leading cause of global mortality after cardiovascu-
Extended author information available on the last page of the article lar diseases, cancer affects high-, low- and middle-income
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countries [10, 11]. By 2030, it is predicted that there will be
75 million cancer patients around the world [12].

Compared with other diseases, cancer treatment is very
costly due to repeated hospitalization, numerous outpatient
visits, laboratory services, advanced diagnostic tests, chemo-
therapy, rare and expensive medicines, surgery and radio-
therapy among other necessary services [13]. Cancer can
therefore impose a substantial economic burden and affect
the daily activities of patients and their households, in addi-
tion to intangible costs such as pain and mental suffering,
and wider impacts on health care systems and society [14].

Different measures of financial hardship exist that aim
to capture the consequences of direct medical payments on
individuals and their households [15-17]. Two indicators
are commonly used, CHE and impoverishment. The former
is intended to capture whether or not health expenditures
will displace non-discretionary household spending, while
measures of impoverishment indicate whether or not health
expenditures push households into or deeper into poverty.
Cancer treatment can endanger the finances of patients and
their families given that it is usually aggressive and requires
substantial resources, often leading to CHE [18].

The World Health Organization (WHO) considers fair-
ness in health financing a key objective of national health
systems and emphasizes the need to protect households
against financial hardship, in other words, to provide finan-
cial risk protection [19]. The latter is a key dimension of
Universal Health Coverage (UHC), which is a target of the
third United Nations Sustainable Development Goal (SDG)
on Health and Wellbeing. A system with fair financing is
one in which households participate in financing health
services expenditures based on their financial ability and
do not experience financial hardship when doing so [20].
Different measures exist for evaluating the level of fairness
in the financial participation of health services; CHE is a
common indicator and is currently used to track progress
toward UHC [21, 22], using thresholds of 10% and 25% of
household income or expenditure for defining CHE. Another
threshold used by the WHO states that households incur
CHE when health payments exceed 40% of a household’s
ability or capacity to pay, where ability to pay refers to non-
food household expenditure [23, 24].

It is therefore important to investigate CHE in healthcare
systems and to identify factors that put households at risk
of incurring CHE. This can help health policy makers select
preventive policies and corrective actions to reduce levels
of CHE [25, 26]. Many studies in all income settings have
analyzed the factors related to CHE [27, 28]. The results
of one systematic review showed that a key reason for ris-
ing CHE rates is the financing mechanisms used in vari-
ous health systems [29]. In many low- and middle-income
countries, out-of-pocket payments (OOP) constitute a sub-
stantial proportion of national health spending and adequate
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prepayment mechanisms are often lacking. In addition, stud-
ies have reported that factors such as the household size,
household income, receiving social support, having a mem-
ber over 65 years and household head’s employment status
are associated with the incidence of CHE [28]. Among the
social factors that affect levels of CHE at the population
level, health insurance status and employment of the head of
household are the most important in reducing levels of CHE.
In contrast, having a member aged 60—65 years or older in
the household is the most important factor that increases
levels of CHE [15, 30-34]. Other evidence from India [35],
Mexico [36], Turkey [37], Vietnam [38] and Burkina Faso
[39] have also reported the economic status of households
as a key factor influencing CHE level. In terms of health
and healthcare, the frequency of using inpatient services,
outpatient services, and dental care are the most important
factors affecting levels of CHE [28]. This is in line with the
findings from studies conducted in other settings indicating
that the risk of incurring CHE increases with the frequency
of using inpatient services [39—41].

Many studies have been conducted on CHE at a national
or general population level, but fewer studies have consid-
ered CHE for specific diseases or groups of patients [28, 42].
To date, no review has been conducted of global evidence on
financial hardship due to cancer. This was confirmed through
searches in the following databases: JBI Database of Sys-
tematic Reviews and Implementation Reports, PubMed, Pro-
Quest, Embase, Web of Science (via Clarivate), Campbell
Collaboration, Cochrane Database of Systematic Reviews
and PROSPERO. This study aims to address the gap in the
literature with a systematic review and meta-analysis of
evidence on patients’ exposure to CHE due to costs of can-
cer care, as well as factors affecting exposure to CHE. This
study synthesizes results across populations and vulnerable
groups to provide new insights into CHE due to cancer care
and inform effective policies to redress this.

2 Methods

The review and the way it is reported is guided by the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) checklist [43].

2.1 Search Strategy

First, keywords were extracted from related studies, from
which final search terms and their combinations were
selected in collaboration with experts in health and eco-
nomics, and librarians. The following platforms were
searched for relevant studies: PubMed, Web of Science,
Scopus, ProQuest, ScienceDirect and EMBASE, as well
as Google Scholar. Search terms included ‘Catastrophe’ or
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‘Catastrophic’ and ‘Cancer’ or ‘Neoplasm’ and ‘Expense*’
or ‘Financial or Cost*’ or ‘Expenditure*’ or ‘Payment*’
or ‘Spending’ (Appendix A, see electronic supplementary
material [ESM)). Different combinations of the search terms
were used to conduct a search of titles, abstracts, and the
keywords of databases without applying any date restric-
tions until February 2020. All the review phases, including
searching, screening, quality assessment, and data extraction
were reviewed by two independent researchers (EH, LD). A
third researcher’s (HHB) opinion was taken to address any
discrepancies.

2.2 Inclusion Criteria

Studies that met the following criteria were included in the
review:

e Primary and secondary data analyses of CHE due to can-
cer.

e Studies that investigated determinants of CHE among
cancer patients.

e Peer-reviewed publications.

e Publications in English.

2.3 Exclusion Criteria

Methodological studies, studies that do not measure or
report CHE, and studies that use approaches other than CHE
to measure financial hardship were excluded.

2.4 Qualitative Evaluation of the Studies

First, the title and abstract of all identified studies were
screened, from which a list of selected studies was prepared
for full-text screening and quality assessment. The names of
authors and journals were hidden and studies were provided
to two members of the research team to consider the inclu-
sion and exclusion criteria independently. Disagreements
were resolved by a third reviewer. Following this, the qual-
ity of selected studies was evaluated using the Strengthen-
ing the Reporting of Observational Studies in Epidemiology
(STROBE) standard checklist [44]. This 22-part checklist
qualitatively evaluates the different parts of an observation
report. Checklist items are rated on a three-point scale (yes =
2, cannot tell = 1, and no = 0). The minimum and maximum
potential scores using the checklist were 0 and 44. Studies
evaluated for quality were divided into the following three
groups: (a) low quality with score < 15, (b) medium quality
with score of 16-30, and (c) high quality with score > 31
[45-47]. Only studies that acquired a score of 16 and above
were selected for the meta-analysis.

2.5 Data Extraction

Data were extracted from the included studies using a data
extraction table developed for the review (Table 1). The table
included the name of the corresponding author, year of data
collection, type of study, sample size, a quality assessment
of included studies, estimated proportion of cancer patients
that incurred CHE, and determinants of CHE.

2.6 Statistical Analysis

Study heterogeneity was investigated using Cochran’s Q
and /7 index. An I> >50% or a p value for the Q test < 0.10
indicates significant heterogeneity [17]. Since the results
of Q test and I? index indicated significant heterogeneity
between the studies, a random effects model was used for
meta-analysis and synthesized results were obtained from
the Comprehensive Meta-Analysis (CMA) software, version
3. The possibility of publication bias was assessed using
visual inspection of a funnel plot.

The combined effect of the studies based on the random
effects model was obtained using CMA software, version
3. Some studies reported exposure to CHE using more
than one method and threshold, in which case each method
or threshold used was considered separately in the meta-
analysis. In order to investigate determinants of CHE due to
cancer, factors considered in included studies were collated
and grouped into patient level and household level factors.
Each determining factor is reported descriptively with the
direction of the relationship (positive or negative), based
on the number of times a given factor was considered in
included studies.

3 Results

The search strategy captured 462 studies from the databases,
and through a search of the reference list of studies included.
Figure 1 charts the screening process of studies captured and
reasons for exclusion at different stages. After the removal of
duplicates and screening the titles and abstract, 33 articles
met the inclusion criteria for full-text assessment. Following
full-text screening, 19 studies were selected for the meta-
analysis and key descriptive features of these are presented
in Table 1. Additionally, determinants of CHE in included
studies are shown in Table 2. The maximum rate of CHE due
to cancer is estimated in the study by Tripathy et al. [48] in
India with 74% of 1093 cancer patients incurring CHE, and
the minimum rate of CHE was reported in the study by Choi
et al. [49] in Korea with 6.2% of 3684 sampled households
of cancer patients incurring CHE.

The analysis of publication bias using Egger’s line
regression test suggested the absence of statistically
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& significant publication bias (p > 0.05). A visual inspec-
% £ £ tion of the symmetry graphic in the funnel plot indicated
2 2 2 2 ,5 no evidence of publication bias or small-study effects
2 S s S s (Fig. 2). The p values for the Egger’s tests were 0.25 and
0.16, respectively, which suggests no bias in the results of
§ included studies.
§ = The Cochran Q test was statistically significant (p < 0.01),
& 5% 2 which indicates the presence of heterogeneity in the effect
et S E S < . § sizes of included studies, but the Q test is sensitive to an
3] I¢ ¢= 1 © N increase of effect size. The power of this test for investigat-
ing heterogeneity improves as the number of effect sizes
LE o o o o increases. For this reason, I-square (12) statistics, another
o 3 5 5 5 commonly used index for heterogeneity, was employed.
% ES EN ES BN The index has values of 0-100, reporting heterogeneity as
2 7\r| N N N percentage values. A I* value close to 100 indicates more
<
s = = = = heterlogeneityzin the effect sizes of studies gonsid.erec.i [50].
In this case, I showed that 99.09% of the dispersion in lev-
els of CHE reported in the studies analyzed is due to the
g 3 8 8 s moderator variables.
8 g g g g The results of the studies estimating the rate of CHE
= = =} =1 g
S E 2 2 2 £ among households of cancer patients are reported in Fig. 3,
< i72] 2] w w2
‘S‘ g é é:; é g:; E including the rate estimated in each study, confidence inter-
g vals and combined results.
§ The overall rate of CHE among cancer patients, across
% studies, was estimated as 43.3% based on the random effects
o
3 2 model (95% CI 36.7-50.1).
2 ; Given that different methods and thresholds were used to
E N § 2 2 N calculate the rate of CHE in the studies, a sub-group analysis
@ = - T N S was conducted based on the methods used to calculate CHE.
g g P g = %’ The highest rate of CHE was found among the group of stud-
= =5 % 5 % %D E ES 5 % § ies that used OOP > 10% of household income/expenditure
2.4 E z "é z g = "é g (OOP > 10% income) (Fig. 4). In this group, the rate of
X 25¢g 255 £ g E285g| 2 CHE incurred by households of cancer patients was calcu-
s = 177) = 127} 5 @ =0 @ = =
5 2| 2585 253 285825335 3 lated as 62.7%. The lowest rate of CHE was found among
Oalflx = 2 = E the group of studies that used OOP > 20% of household
. i income/expenditure (OOP > 20% income). In this group,
S & the rate of CHE incurred by households of cancer patients
§ <+ © ‘i was calculated as 16.7%.
B - SI SI § The rate of CHE in households of cancer patients was
gS | L g 2 9 g grouped by countries based on the human development
38| < =) o = =) > . . . .
~Esla & | & a % index (HDI), presented in Fig. 5. Countries were grouped
. z 5 into four HDI categories: (a) low HDI (0.350-0.554), (b)
§ T g = = = g medium HDI (0.555-0.699), (c) high HDI (0.700-0.799),
> g 4 )
T |28 2 £ & = and (d) very high HDI (0.800-1.000). The average rate of
2 = 51 k3t 5% N . . . .
Lg i E 2 2 - 2 . 8 o 5 CHE incurred by cancer patients was 23.4% in countries
g % 3 z 23 23 873 g with very high HDI (South Korea, USA), 30.3% in countries
@ ot 7] = @ = @ Q . . . . . .
= & ~ O o @ = with high HDI (Iran, China, Malaysia, Thailand), 52.1% in
<
= _ 2 countries with medium HDI (Vietnam, Lao PDR, Indonesia,
Q —_ eqs . . . .
2 _ E o) _é Philippines, India, Cambodia and Myanmar), and 67.9% in
= on = — . . I
g = § = 0 2 countries with low HDI (Haiti). The overall rate of CHE
= = 2 s = g among cancer patients, across groups of countries based
% z ;n E § E L;’ on the HDI, was estimated as 36.9% based on the random
& | & 3 3 & S S effects model with a 95% confidence interval of 31.2-43.1.
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Additional records identified through
Other sources (n = 8)

v v

Records after duplicates removed
(n=194)

|

Records screened
(n=194)

l

Full-text articles
assessed for eligibility
(n=133)

Screening based on title and abstract:
Records excluded
(n=161)

Full-text articles excluded, with
reasons (n = 19):
Presented at conferences and seminars

(n=3)

Studies that was not related to CHE
(n=12)

Fig. 1 Flowchart of the screen- ( h o ]
. . . . § . Records identified through database searching
ing process to identify studies g (n = 420)
for inclusion in the review and £
meta analysis. CHE catastrophic ]
healthcare expenditure =
D
] Updated search to
February 2020 (n=42)
SR
o0
g v
=
9 Records screened
o —
3 (n=9)
—
)
Z v
= Studies included in
= qualitative synthesis
= (n=06)
=
-
=
D
=]
=
=
<
=
—

Meta regression was used to investigate the relationship
between the rate of CHE incurred by cancer patients and
HDI and a given study sample size. A statistically significant
(p = 0.003) and negative relationship was found between the
rate of CHE and study sample size. In other words, the rate
of CHE decreases as the study sample size increases (Fig. 6).
Results of the meta-regression also showed a statistically
significant (p = 0.001) and negative relationship between
HDI and the rate of CHE among cancer patients, where the
latter decreases as HDI increases (Fig. 7).

3.1 Factors Affecting the Rate of Catastrophic
Health Expenditure (CHE) Due to Cancer Care
at the Patient Level

The type of health insurance and possession of supplemen-
tal insurance are key factors affecting the rate of CHE in
cancer patients. Patients who have any type of insurance or
prepayment mechanism that either covers extensive health
services or has lower co-insurance or copayment rates are
less exposed to CHE [51-56]. Gender, age and the educa-
tion level of patients are some of the other factors affecting
exposure to CHE. In general, females, the elderly and the
less educated are more exposed to CHE [26, 53-55].

>
>

Report cost of cancer (n = 4)

Studies included in
qualitative synthesis
(n=20)

Excluded for quantitative synthesis
because:
Insufficient data available (n= 1)

A 4

!

Studies included in
quantitative synthesis
(meta-analysis)
(n=19)

The type of treatment, location of the cancer in the body,
stage of cancer and time period of cancer diagnosis are
among the key clinical factors affecting the exposure of
cancer patients to CHE [25, 26, 51, 52, 54, 55]. In the study
conducted in Namazi hospital, Iran, patients receiving chem-
otherapy were exposed to a higher rate of CHE than patients
receiving other medical treatments [51]. However, in a study
conducted in the US by Davidoff et al. (2013), the patients
treated by radiation and antineoplastics were more likely to
incur CHE than other treatments [55]. The type and location
of cancers resulting in the highest rates of CHE included
liver cancer, gastrointestinal cancer, cancers related to the
stomach, thoracic cancers, and respiratory cancers [26, 54].

In general, the rate of CHE increases with the progression
of cancer from stages I to IV [54]. In addition, patients are
most likely to incur CHE in the first year of disease diagno-
sis rather than following years [52]. In terms of the type of
health service, the probability of incurring CHE increased
as outpatient services and referrals to high-level hospitals
increased [51, 53]. There is a relationship between the rate of
CHE and the need for other family members to forego seek-
ing care due to financial barriers, as well as the health-seek-
ing behavior of patients at the time of disease [51, 55]. Given
that the likelihood of patients and other household members
to forego health services increases as household finances
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Table 2 Determinants of catastrophic healthcare expenditure (CHE) in included studies

No. Study

Determinants of CHE

1 Kavosi et al. [51]

2 Choietal. [52]

3 The ACTION Study Group [26]
4 Zhao et al. [53]

5  The ACTION Study Group [54]

6 Davidoff et al. [55]

7 Kim et al. [56]

8 Azzani et al. [25]
Zheng et al. [61]

10 Lengetal. [73]

11 Lee and Yoon [74]

12
13

Piroozi et al. [69]
Lee et al. [75]

Type of insurance, residence, use of outpatient services (4), type of treatment (chemotherapy) (+),
refraining from using health services (+)

Gender of the household head (male) (-), age of household head (50-64 y) (+), education status of
household head (above university) (-), economic status (—), income (high) (=), number of family
members (), senior citizens in household (none) (—), marital status (married) (+), level of head of
household post-cancer diagnosis period (one or two years post-diagnosis) (+), health insurance type,
self-rated health (good) (-)

Age of patient (+), sex of the patient (women) (+), income level (-), quality of life (EQ-5D) (-), Cancer
site (ovarian, stomach cancer) (+)

Level of hospital (prefecture, provence) (4), household income (-), education (no education) (+), age
(45-54 y) (65-74 y) (+), type of health insurance (CEMI-CRMI) (-), reimbursement ratio (—)

Age (+), sex (women) (+), level of education (-), marital status (unmarried) (+), income level (-), paid
work (-), cancer stage (+), health insurance (-), EQ-5D score (health-related quality of life) (-), eco-
nomic hardship (+), cancer region (respiratory/thoracic, digestive/gastrointestinal)

Supplemental insurance (-), income as % federal poverty level (FPL) (-), assets ($25,001-$200,000)
(+), age (), education level (—), marital status (married) (+), functional status limitations (+), attitude
regarding care seeking (usually go to doctor as soon as you feel bad) (+), cancer treatment (radiation,
antineoplastic) (+), HCC count (self-reported functional status limitations and counts of hierarchical
coexisting conditions) (+)

Income level (), member aged over 65 y (+), disability in household (+), householder occupation type
(regular) (-), chronic disease patients in household (+), Health insurance type

Household head gender (female), patient undergoes surgery, household income
Length of stay, type of health insurance, Household size
Gender (male), age, monthly household income

Gender, age, marital status, education level, income, healthcare coverage type, no. of household members
with chronic disease

Not having supplementary health insurance and having low socio-economic status

Gender (male), marital status (spouse), private health insurance (no)

Fig.2 Funnel plot to investi-
gate publication bias of studies
included in the review and
meta-analysis

decrease, the probability of incurring CHE increases [51].
In addition, patients who seek health care with the minimum
sense of malaise are more exposed to CHE [55].

The quality of life of patients is also one of the factors

Funnel Plot of Standard Error by Logit event rate
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life increases [26, 54]. In addition, Hierarchical Coexist-
ing Conditions (HCCs) and functional status limitations
of cancer patients have a direct relationship to exposure
to CHE [55].

affecting exposure to CHE, which decreases as quality of
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Study name Statistics for each study Event rate and 95% CI
Event Lower Upper

rate limit limit 2-Value p-Value
Kavosi et al., (2014) 0679 0618 0734 5475 0,000 iz
Moghimi et al., (2009)-1 0520 0395 0643 0310 0757
Moghimi et al., (2009)-2 0420 0311 0538 -1333 0183
Jae-Woo Cho etal,, (2015) 0062 0055 0070 -39.764  0.000 =
Jae-Woo Choi et al., (2014) 0398 0334 0466 -2942 0003 [}
The ACTION Study Group (2014) 0310 0297 0324 -25054  0.000 |
Ting Zhao et al,, (2016)-1 0259 0214 0310 -8212 0.000 i
Ting Zhao et al., (2016)-2 0191 0151 0238 -10.119  0.000 W
Ting Zhao et al., (2016)-3 0163 0126 0208 -10.776  0.000 =1
Ting Zhao et al., (2016)-4 0140 0106 0.183 -11.232  0.000 [}
Ting Zhao et al,, (2016)-5 0300 0252 0353 -6924 0.000 ]
Ting Zhao et al., (2016)-6 0231 0188 0281 -9039  0.000 =
Ting Zhao et al., (2016)-7 0206 0165 0254 -9731  0.000 =
Ting Zhao et al., (2016)-8 0167 0130 0212 -10689  0.000 =
Tripathy et al., (2006) 0740 0713 0785 15168  0.000 ]
The ACTION Study Group BMC (2015) 0680 0669 0691 28967  0.000 [H
Kathleen M and O'Neill (2015) 0680 0554 0784 2746 0.008 -
The ACTION Study Group (2017)-1 0570 0502 0636 2003 0045
The ACTION Study Group (2017)-2 0500 0480 0520 0000 1.000
The ACTION Study Group (2017)-3 0360 0273 0458 -2776 0006
The ACTION Study Group (2017)-4 0480 0456 0504 -1630 0.103
The ACTION Study Group (2017)-5 0500 0471 0529 0000 1.000
The ACTION Study Group (2017)-6 0550 0517 0582 3010 0003
The ACTION Study Group (2017)-7 0280 0255 0306 -14727  0.000 |
The ACTION Study Group (2017)-8 0640 0618 0661 12089 0000
Davidoff et al., (2013)-1 0499 0476 0522 -0086 0931
Davidoff et al,, (2013)-2 0276 0256 0297 -18632  0.000 O
Mahal et al., (2009)-1 0490 0448 0532 -0487 0841
Mahal et al., (2009)-2 0488 0435 0541 -0440 0680
Ji Hye Kim et al,, (2014)-1 0286 0238 0339 -725  0.000 .
Ji Hye Kim et al,, (2014)-2 0146 0111 0190 -10.946  0.000
Ji Hye Kim et al,, (2014)-3 0310 0281 0384 -6505 0,000 .
Ji Hye Kim et al., (2014)-4 0182 0143 0229 -10.193  0.000 15|
Azzani et al., (2017) 0478 0398 0561 -0517 08605
Zheng et al., (2018) 0428 0402 0455 -5261  0.000 E
Leng etal, (2019)-1 0943 0900 0968 9084  0.000
Leng etal, (2019)-2 0961 0942 0974 15158  0.000 =
Lee and Yoon (2019) 0550 0524 0576 3709 0.000 M
Piroozi etal., (2019) 0730 0662 0788 6071 0000 o
Lee etal, (2018) 0761 0720 0797 10685  0.000 il
Overall 0433 0367 0501 -1941 0052 &

400 050  0.00 0.50 1.00

Fig.3 Exposure of cancer patients to catastrophic healthcare expenditure (CHE) in the included studies, based on the random effects model. C/

confidence interval

3.2 Factors Affecting the Rate of CHE Due to Cancer
Care at the Household Level

Age, gender, the educational level of the head of household,
number of household members, the marital status of the head
of household, having health insurance, job status, disability
in the household, the presence of elderly household members
and self-rated health are among the factors affecting the rate

of CHE among households of cancer patients (Table 3). In
general, the older heads of households [52], female headed
households [25, 52], less educated heads of households [52],
the presence of a member above 65 years old in the house-
hold [56], married heads of households [52, 55], lack of health
insurance [54], unemployment of headed households [54], the
presence of a disable person in the household [56], presence of
household members with chronic disease [56], bad self-rated
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Fig.4 Exposure of cancer
patients to catastrophic health-
care expenditure (CHE) based
on the different methods used
in the studies. CI confidence
interval, CTP capacity to pay,
HE health expenditure, OOP
out-of-pocket payments

Fig.5 Exposure of cancer
patients to catastrophic health-
care expenditure (CHE) by HDI
country groups. CI confidence
interval, HDI human develop-
ment index

Fig.6 Meta regression: expo-
sure of cancer patients to cata-
strophic healthcare expenditure
(CHE) according to the sample
size of the studies (the size of
the circles shows the weight of
the studies)

health [52], small household size [52], and households liv-

Group by Statistics for each study Event rate and 95% CI
Subgroup within stu
bgroup oy Event Lower Upper
rate limit limit Z-Value p-Value
HE> 10% Income 0329 0194 0499 1.967- 0.049 ’
HE> 20% Income 0202 0.110 0342 3754  0.000 <
HE> 30% CTP 0489 0287 0694 -0.100 0.921
HE> 30% Income 0231 0.080 0508 191- 0.086
HE> 40% CTP 0424 0305 0553 1.162- 0245
HE> 40% Income 0206 0070 0472 2138 0033 e
HE> 50% Income 0.167 0.055 0410 253 0.011 ’-
0OP> 10% Income 0627 0416 0798 1188 0235 ez
0OP> 20% Income 0276 0102 0562 1.559- 0.119 --—
00P> 30% Income 0336 0303 0477 2450 0.014 B
Overal 0.364 0314 0417 4934  0.000 &
-1.00 -0.50 0.00 0.50 1.00
Group by Statistics for each study
Subgroup within study
Event Lower Upper
rate  limit  limit Z-Value p-Value
High HDI 0.303 0220 0.401 3.769- 0.000 ‘
Low HDI 0679 0319 0905 0974 0330
Medium HDI 0521 0415 0625 0379 0.705
Very High HDI 0243 0162 0347 4.427-  0.000 R
Overall 0369 0312 0431 4095  0.000 &
-1.00 -0.50 0.00 0.50 1.00
Regression of Sample Size on Logit event rate
200
1.50
1.00
(]
= 0.50
” 0.00
E !
$ .os0
[
= -1.00
&
3 -1.50
-2.00 -
-2.50 O
-3.00

-302.40  132.48

567.36

Sample Size

4 Discussion

ing further away from medical centers [51] all increase the

rate of CHE in households of cancer patients [25, 49, 52-56].
Household income [55], the percentage of costs incurred that
are covered by health insurance [53] and not having paid work
[54] are among the economic factors affecting the rate of CHE

at the household level.
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This review identified various aspects of CHE manage-
ment that can be tailored to achieve goals such as risk-
sharing, cross-subsidization, financial protection of house-
holds and financial scheme viability. Firstly, it suggests
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Fig.7 Meta regression.
Exposure of cancer patients to 2.00

Regression of HDIl on Logit event rate

catastrophic healthcare expendi-
ture (CHE) according to human
development index (HDI)

1.50
1.00
0.50
0.00
-0.50
-1.00

Logit event rate

-2.00

-3.00

0.45 0.50 0.55

that policy makers use prepaid and pooled mechanisms
in the main public health insurance funds. This review
suggests that community-based health insurance schemes
can include poor people, including people and households
below the poverty line [28, 57]. Factors that may facili-
tate inclusion of the poor include an affordable premium,
external assistance and nesting the scheme within a larger
organization that addresses other needs of the poor [27,
28, 35, 37, 46, 58]. Secondly, the financial risk borne by a
scheme can be limited by placing a cap on the benefits pro-
vided. However, this also limits the extent of risk-pooling
and cross-subsidization provided by the scheme. There
will inevitably be cases where hospital expenditures far
exceed this cap, with dire financial consequences for the
insured [5, 8, 16, 26, 30, 33, 36, 57, 59]. Thirdly, in order
to relieve the financial burden of expenditure on house-
holds, reimbursement under a scheme should be fast and
easy. This needs administration of the scheme, particularly
processing of claims, to happen as close to claimants as
possible [19, 23, 36, 49, 52, 59-61].

Based on the review and meta-analysis results, the rate
of CHE in households of cancer patients was estimated as
43.3% (CI 36.7-50.1). This is largely in line with the preva-
lence of perceived financial hardship in households of cancer
patients, estimated to be between 14.8 and 78.8% during
2003-2013 in a systematic review by Azzani et al. [59].

A study by Xu et al. [30] that investigated health expend-
iture in 89 countries found that 150 million people incur
CHE annually. In this study, there is a large difference in
the rate of CHE between countries, with patients in low-
or middle-income countries more exposed to CHE than in
high-income countries [30]. Results from this study support
the range of CHE across countries found by Xu et al. [30].
Cochran’s Q and I? heterogeneous indicators showed that
there is substantial heterogeneity between the rate of CHE
in cancer studies depending on the country in which the
study is based due to variations in economic, social, cultural
and geographic aspects. In general, the rate of CHE among

0.60 0.66 0.71 0.76 0.81 0.86 0.91 0.96
HDI

cancer patients had a negative and direct relationship with
country HDI scores.

The presence and type of health insurance was one of the
most important determinants of exposure to CHE across the
studies. Patients with better insurance coverage (i.e., with
better benefit packages or with low co-insurance rates) were
less exposed to CHE. In a study conducted in Namazi hos-
pital, Shiraz, cancer patients with Relief Committee insur-
ance and armed forces insurance were less exposed to CHE
than patients covered by other health insurance schemes
[51]. Another study in Anhui, China, showed that patients
with city employee medical insurance (CEMI) and city resi-
dent medical insurance (CRMI) were less exposed to CHE
compared with patients covered by other health insurance
schemes [53].

The age and gender of patients are two other factors
determining the rate of CHE among cancer patients [26,
54]. Female patients were exposed to higher rates of CHE.
This may be driven by the health-seeking behavior of female
patients, who may seek care more often and thus incur more
health expenditure than males [52]. Elderly patients were
also more exposed to CHE in most studies. In general,
elderly patients are less able to engage in economic activities
and are more vulnerable to falling ill with cancer or other
diseases. Health services and corresponding health expen-
ditures are therefore usually higher for elderly patients than
for younger patients [52, 53].

The possession of supplementary health insurance and
higher levels of education were both factors that reduced
the rate of CHE among cancer patients [53—55]. This may
be driven by findings that a higher level of education can
facilitate higher gains in health for a given level of health
expenditure [62]. However, a study conducted by Panahi
et al. [63] in the public hospitals of Tabriz, Iran, showed
that higher levels of education increased the rate of CHE
because higher levels of education increased awareness of
available health services and healthcare. In other words,
people with higher levels of education use more advanced/
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Table 3 Factors affecting the
rate of catastrophic healthcare
expenditure (CHE) at patient
and households levels

Negative effect
(no. of studies)

Positive effect
(no. of studies)

Factors at the patient level

Type of insurance (health insurance, social health insurance, private
health insurance)

Education level (high)

Quality of life (good)

Sex (women)

Supplemental insurance existence

Using outpatient services

Health-seeking behavior

Refraining from using health services

Marital status (married)

Hierarchical coexisting conditions (HCCs)

Functional status limitations

Age group 45-54 y; age group 65-74 y

Post-cancer diagnosis period (1-2 years post-diagnosis)

Type of treatment (chemotherapy, radiation, antineoplastic, surgery)

Stage of cancer (I-1V)

Level of hospital (prefecture, province)

Cancer site (ovarian, stomach cancer)

Cancer region (respiratory/thoracic, digestive/gastrointestinal)
Factors at the household level

Income

Education level of household head

Disability in the household

Age of household head (50-64 y)

Gender of household head (female)

N O G G VN

Member aged over 65 y
Household size (2-4)
Health insurance (insured)

[SE (G RN

Marital status of household head (married) 1

Householder occupation type

Patients with chronic disease (+1)

Self-rated health (good)

Residence (distance to the center of province) 1

Proportion of health expenditure reimbursed (medical insurance)

Economic status (good)
Amount of household assets

Unemployment of headed households

Not having paid work

[ S

expensive health services and technologies compared with
the less educated, thus increasing the likelihood of higher-
educated people incurring CHE.

Using outpatient services, the health-seeking behavior
of patients, and the need to forego health services due to
financial barriers are also factors that affected the rate of
CHE in cancer patients [51, 55]. Zhao et al. [53] showed
that an additional chronic non-communicable disease was
associated with an increase in the number of outpatient vis-
its (incidence rate ratio 1-29, 95% CI 1-27-1-31), and the
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number of days spent in hospital as an inpatient (1-38, 95%
CI 1-35-1-41) [64].

Household economic status is also a key factor determin-
ing CHE [65]. Azzani et al. [66] found that socioeconomic
inequality plays an important role in the incidence of CHE
across countries and that low-income households are at high
risk of CHE and financial hardship from healthcare pay-
ments. Kavosi et al. [51] found that of patients who undergo
chemotherapy, 74.1% faced CHE. Evidence showed that
households located in the wealthier areas were at lower risk
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of CHE than poorer regions. Poorer households are more
affected by CHE due to the long duration of cancer treatment
and high costs of a cancer diagnosis and treatment [65]. A
significant correlation has been reported between the type
of treatment and incurring CHE.

The amount of time after cancer diagnosis as well as the
stage of cancer were among the factors determining expo-
sure to CHE in the studies [52, 54]. Based on the results
from Choi et al. [52], households with cancer patients that
are 1-2 years post-diagnosis were more likely to experience
CHE compared with households of newly-diagnosed can-
cer patients (OR 1.78 and 1.36, respectively). Patients with
stomach, ovarian, gastrointestinal, respiratory, and thoracic
digestive cancers were exposed to the highest rates of CHE
among the studies [53, 54].

The type of hospital and treatment received were also
associated with CHE. Patients seeking care at higher level
hospitals incurred higher expenditures than those at lower
level hospitals. Patients seeking care at higher level hos-
pitals had more serious conditions, and referrals to higher
level hospitals therefore increase the probability of incurring
CHE due to more expensive health services/procedures and
severity of disease. A study conducted by Zhao et al. [53] in
China showed that the exposure to CHE in cancer patients
referring to prefecture and provincial hospitals was higher
than in patients receiving care in other hospitals. Cancer
patients require different treatments such chemotherapy,
radiotherapy, hormone therapy, surgery, and medicine.
Expenditures on these treatments vary across different coun-
tries. The expenditure on each treatment is affected by differ-
ent country-level factors such as the advancement of medical
sciences, technology, knowledge of medical equipment and
drug production, as well as the economic and political con-
ditions of countries for importing equipment and medicine.
The study by Kavosi et al. [51] in Iran showed that patients
who used chemotherapy were more likely to incur CHE
than patients who used other treatments. However, another
study conducted by Davidoff et al. [55] in the US found that
patients who used radiation and antineoplastic drugs were
more exposed to CHE.

At the household level, household income and the educa-
tion level of the head of household are key factors that reduce
the exposure of households of cancer patients to CHE [25,
26, 52-56]. Households with more educated heads of house-
hold are less exposed to CHE [52]. Based on the obtained
results, higher economic status, income and wealth [52, 54,
55] reduce the probability of incurring CHE by improving
the available finances for health in households. In the study
by Zhao et al. [53], households where the head of household
experienced a change in job status from employed to unem-
ployed, and households where the head of household was
unemployed with no change, were more likely to incur CHE
compared with households who did not experience a change

in employment status. Self-employment of household heads
increases the rate of CHE because the self-employed have no
fixed salary and their employment is not permanent, rather
it is often periodic and seasonal [56].

The age and gender of the head of household are other
factors affecting the probability of incurring CHE [25, 52].
The probability of developing health problems increases
along with age. Older heads of households may therefore
contribute less to household income but increase household
health expenditures as they need more healthcare and thus
increase the probability of incurring CHE [11, 52]. Accord-
ingly, studies found that the presence of a household member
over 65 years old with chronic diseases increased the rate of
CHE [56]. With regards to gender, male heads of households
have more job opportunities and can receive higher incomes
than their female counterparts. Female heads therefore rely
more on financial support from their children and retire-
ment pensions of their husbands [52, 53]. For this reason,
households with female heads experience higher rates of
CHE [63].

Several other household-level factors influence expo-
sure to CHE, namely the possession of health insurance,
self-reported health status, distance from the nearest health
facility, marital status and the household size. Possessing
health insurance can improve household access to health
services [54]. Furthermore, health insurance pre-payments
reduce out-of-pocket payments for health services and there-
fore have the potential to lower the rate of CHE incurred by
households [53]. While health insurance can be a protec-
tive factor against CHE, the extent to which health insur-
ance schemes can protect against CHE needs to be consid-
ered, particularly for households living in rural areas [58].
According to the WHO, to reduce the risk of CHE, insurance
schemes should be designed to include a mandatory ben-
efits package—which is being done by a growing number
of countries to progress toward universal coverage [67]. In
addition, insurance coverage should be extended and cost-
and risk-sharing arrangements need to be reformed [68].

With regards to health status, household heads with
poorer health status are exposed more to CHE because
poorer self-assessment indicates worse health condi-
tions and health-seeking behaviors [52]. The rate of CHE
increases as proximity to a health facility decreases due to
increased expenditures incurred for travel, accommodation,
and food [51]. In the study by Azzani et al. [59], household
income, distance from a hospital, being a single parent and
patients with impeded social, emotional and physical per-
formance are the factors affecting perceived financial dif-
ficulty by patients and their households. However, results
from included studies were mixed on the effect of the
marital status of household heads on CHE, with some find-
ing an increase in exposure to CHE [52, 55] and others a
reduction [54]. In the study by Panahi et al. [63], the rate
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of CHE was found to be lower in hospitalized patients of
households with single heads. Single heads of households
have fewer individuals under their guardianship, and these
households can therefore incur less health expenditures [63].
In the study by Choi et al. [60], households with two to
four members had higher rates of CHE. However, in gen-
eral, most studies found that the rate of CHE increases as
the size of households increase because household expendi-
ture increases while household income does not necessarily
increase [61, 69]. Thus, the ability to pay often decreases
among larger households and the probability of exposure to
CHE increases.

4.1 Study Limitations

There are a few key limitations to this review that are
important to consider. First, the review only considered
articles published in English. A number of studies in other
languages, have therefore likely been missed. Second, the
review only included observational studies, and the rela-
tionship between determining factors in the households
of cancer patients and other high-quality evidence (RCT,
cohort, case—control) has been investigated. Therefore, the
rate of CHE could not be clearly delineated. Third, insuf-
ficient information was available to calculate gender-based
prevalence of CHE or risk factors that can have a signifi-
cant impact on CHE. Fourth, although sub-group analyses
were carried out by HDI, high heterogeneity existed among
some other variables. Fifth, CHE is defined using different
thresholds (ranging from 10 to 40%) in included studies.
While sub-group analyses were conducted to estimate CHE
incidence for each threshold, all of the different thresholds
were included for the meta-regression and when identifying
determinants of CHE because of insufficient data to consider
each threshold in isolation. Sixth, no sensitivity analysis was
performed on these data, because of high heterogeneity.

5 Conclusion

Reviewed studies of health expenditures among cancer
patients in different countries indicate substantial exposure
of these patients and their households to CHE. Nearly half
of cancer patients are exposed to CHE, and this rate is espe-
cially high in countries with lower HDI scores. The exposure
of cancer patients to CHE is driven by the expensive care
required, and demonstrates shortfalls in health financing
mechanisms resulting in unfair financial contribution in the
health system. A number of factors at the patient and house-
hold affecting exposure of cancer patients to CHE were iden-
tified and synthesized. Incidence of CHE among patients
with cancer do not automatically disappear with rising
income. Health financing systems not only should allow
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patients with cancer to access health services when they
need to, but also protect households from financial catastro-
phe by reducing OOPs.
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