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Abstract: Neoplasms currently represent a leading cause of morbidity and mortality, and precisely 13 

estimating their burden is crucial for evidence-based decision-making. To understand average costs 14 

of neoplasm-related disability-adjusted life years (DALYs) and to highlight possible differences in 15 

economic estimates obtained with diverse approaches. We searched four scientific databases to 16 

identify all the primary literature simultaneously investigating neoplasm-related costs and DALYs. 17 

In view of the different methodologies, studies were divided into two groups: those estimating costs 18 

starting from DALYs, and those independently performing cost and DALY analyses. The latter were 19 

pooled to compute costs per disease-related DALY: meta-analytic syntheses were performed for 20 

total costs and indirect costs, also in relation to the corresponding gross domestic product (GDP) 21 

per capita. The quality of included studies was assessed through the Quality of Health Economic 22 

Studies instrument. Seven studies were selected. Total and indirect pooled costs per DALY resulted 23 

to be, respectively, $9,150 [95%CI: 5,560-15,050] and $3,890 [95%CI: 2,570-5,880]. Substantial heter- 24 

ogeneity was found among different contexts. Costs a priori calculated from DALYs may lead to 25 

results widely different from those obtained after data retrieval and model building. Further re- 26 

search is needed to better estimate the economic burden of cancer in terms of costs and DALYs. 27 
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 29 

1. Introduction 30 

Cancer is widely recognized as a global problem for incidence, mortality, years of life 31 

lost and years lived with disability. Worldwide, an estimated 19.3 million new cancer 32 

cases (18.1 million excluding non-melanoma skin cancer) and almost 10.0 million cancer 33 

deaths (9.9 million excluding non-melanoma skin cancer) occurred in 2020 (Sung et al., 34 

2021).  Furthermore, in 2017 cancer caused a global burden of 226.5 million years of life 35 

lost and 7 million years lived with disability (Fitzmaurice et al., 2019). Cancer causes 36 

health, financial and socioeconomic problems (including expenditure for medical and 37 

non-medical services, loss of productivity, and disability), thereby entailing issues at an 38 

individual, family and social level. 39 

Measuring the burden of disease related to cancer is a crucial topic for a public health 40 

system, as such an evaluation is fundamental to assess the health status of a country and 41 

to make comparisons between countries possible (Brown, Lipscomb, & Snyder, 2001). The 42 

importance of establishing the disease burden related to cancer as precisely as possible is 43 

also dictated by the need to properly allocate the resources available to the national health 44 

system for the treatment and prevention of this diverse group of diseases. 45 
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Previous studies have used disability-adjusted life years as a measure of the epide- 46 

miologic burden of different cancers (Mattiuzzi & Lippi, 2020). The disability-adjusted 47 

life-year (DALY) is a health metric combining morbidity and mortality of a disease, as it 48 

represents the sum of years lived with disability (YLD) and years of life lost (YLL) (C. J. 49 

Murray, 1994; Oostvogels et al., 2015). Expressing disease burdens in DALYs allows com- 50 

paring different diseases and therefore represents a useful tool for evidence-based 51 

healthcare policy-making (Chao, 2020; C. J. L. Murray & Acharya, 1997). 52 

Premature deaths and disability from cancer result in substantial economic costs to 53 

the patients, their family and the community as a whole. Therefore, cancer-related DALYs 54 

cancer place an enormous burden on national economies. The American Cancer Society 55 

estimated that the total economic impact of DALYs from cancer worldwide attained $895 56 

billion in 2008: this figure, which does not include direct costs of treating cancers, repre- 57 

sents 1.5% of the world’s gross domestic product (GDP) (American Cancer Society, 2010). 58 

National costs for cancer care in the United States (U.S.) were estimated to be $190.2 billion 59 

in 2015 and $208.9 billion in 2020, with a 10% increase that was found to be primarily 60 

justified by the aging and growth of the U.S. population (National Cancer Institute, 2019). 61 

Other analyses estimated a direct health expenditure around €58 billion in five European 62 

countries only (France, Germany, Italy, Spain and United Kingdom) (Schlueter, Chan, 63 

Lasry, & Price, 2020). 64 

Correctly estimating the economic value of cancer-related DALYs should be an im- 65 

portant goal for healthcare systems, especially considering that currently 30-50% of can- 66 

cers can be prevented by avoiding risk factors and by implementing the existing evidence- 67 

based prevention strategies. The cancer burden can be also reduced through early cancer 68 

detection, appropriate treatment and care of patients who develop cancer (World Health 69 

Organization (WHO), 2021). Evaluating the economic burden of cancers would thus lead 70 

to better understand the potential economic benefits of such prevention or therapy strat- 71 

egies. 72 

However, the exact economic impact of cancer is not completely understood, even 73 

because multiple methodologies have been adopted to estimate the value of DALYs as- 74 

cribable to cancer, sometimes relying on the assumption that each DALY could be a priori 75 

valued at one year’s GDP per capita of the nation under investigation (Jimenez de la Jara 76 

et al., 2015). 77 

With that in mind, this study aimed at assessing the average cost per DALY of cancer 78 

by revising the currently available literature. As different methodologies have been used 79 

over time to evaluate the health and economic burden attributable to specific types of 80 

cancer worldwide, we also compared the different approaches adopted in the studies, in 81 

order to detect possible fluctuations in the magnitude of the obtained estimates.  82 

2. Materials and Methods 83 

2.1. Preliminary considerations 84 

This review was performed according to the Preferred Reporting Items for System- 85 

atic reviews and Meta-Analyses (PRISMA) (Page et al., 2021). Approval by an Ethical 86 

Board was not required because all collected and analyzed data were retrieved from pre- 87 

viously published studies, and our study included no individual patient data. This sys- 88 

tematic review was registered in the International Prospective Register of Systematic Re- 89 

views (PROSPERO, registration number: CRD42021278753). 90 

2.2. Eligibility Criteria and Study Selection 91 

A systematic literature search was conducted among articles published from incep- 92 

tion to March 1st, 2021 in order to identify studies evaluating the economic impact of ne- 93 

oplasms (in terms of direct and/or indirect costs sustained by individuals and/or by insti- 94 

tutions due to the disease), in relation to attributable DALYs. We included all primary 95 

research contributions providing economic analyses that included figures related to the 96 
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abovementioned metrics (whether computed, estimated or retrieved from available data- 97 

bases), related to neoplasms. In particular, any observational or experimental study meet- 98 

ing these inclusion criteria was to be considered eligible, as well as any primary economic 99 

evaluation, while systematic reviews and other review-type studies were excluded from 100 

the analysis. 101 

2.3. Literature Search 102 

A comprehensive search strategy developed by a skilled researcher with background 103 

in economics involved searching the following electronic bibliographic databases: Med- 104 

line, Web of Science, Ovid Embase and Scopus (strings reported in the Supplemental Ma- 105 

terial). Furthermore, potential additional studies were identified by “hand searching” ref- 106 

erences from the selected articles (i.e. snowball searching). 107 

2.4. Outcomes 108 

The primary outcome assessed was the cost-per-DALY ratio. However, as this out- 109 

come is not always provided for by this kind of studies, costs and DALYs related to the 110 

disease were considered as possible surrogate outcomes, useful to compute the cost-per- 111 

DALY ratio for the quantitative synthesis. Additional outcomes included components of 112 

the disease-related expenditure (i.e., direct and indirect costs). 113 

2.5. Data Extraction  114 

Each title and abstract was independently screened by two of the authors. Full-texts 115 

of all the articles identified as relevant were then assessed for eligibility. Two authors, 116 

independently and in duplicate, identified studies that met inclusion criteria and ex- 117 

tracted data through a predetermined data collection form (Supplementary Material). 118 

Consensus on extracted data was reached by discussion, and disagreements were sorted 119 

out through arbitration by a third author. 120 

Information extracted from the studies included publication year, country, years 121 

along which cost analyses and DALY computations were performed, aim, scope (national, 122 

international or global), study design, number of included patients/simulations, currency 123 

(and corresponding year), presence/absence of age-weighting and/or discounting (and 124 

corresponding parameters, where present), data sources for costs and DALYs, perspective 125 

(societal, governmental or healthcare system-based). 126 

Given that no ready-to-use data about the cost-per-DALY ratio was available in any 127 

of the eligible studies, crude estimates about costs (both direct and indirect) and DALYs 128 

of the relevant neoplastic disease were also extracted, along with their 95% confidence 129 

intervals (CIs) where available. For studies with data specifically referred to a country (or 130 

a group of countries), the GDP per capita of those countries (in the corresponding year) 131 

was also retrieved from the World Bank Data Catalog (The World Bank, 2010). 132 

In view of the different methodologies used for the economic evaluation, articles 133 

were divided into two groups: a first group, encompassing studies where cost and DALY 134 

estimates had been extracted independently, and not based on previous estimates of the 135 

cost-per-DALY ratio itself, and a second group, including studies that opted for a reverse 136 

approach and calculated costs based on DALYs. Only the first group was used for the 137 

quantitative synthesis of the cost-per-DALY ratio, so as to estimate this parameter by us- 138 

ing directly retrieved data. On the contrary, articles of the second group were used as a 139 

comparison term for the projection of possibly determined differences in estimates. 140 

2.6. Quality assessment 141 

The quality of included studies was evaluated using the Quality of Health Economic 142 

Studies (QHES) instrument, a tool specifically developed (Chiou et al., 2003) and validated 143 

(Ofman et al., 2003) for economic evaluations (Walker et al., 2012), which yields a score 144 

ranging from 0 (lowest quality) to 100 (highest quality). Since two of the questions were 145 
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not suitable for the risk-of-bias assessment of the included studies, the maximum obtain- 146 

able score was correspondingly 86 points, thus the continuous scale was categorized in 147 

four groups: extremely poor quality (0–21), poor quality (22–43), fair quality (44–65), and 148 

high quality (66–86). 149 

2.7. Statistical analysis 150 

For each study, average estimates were retrieved for both costs and DALYs, along 151 

with their 95% confidence intervals (CIs) where available. In the absence of reported un- 152 

certainty measures, the 95% CIs were estimated by applying a Monte-Carlo simulation 153 

method, with a number of simulations equal to the population (or number of virtual sim- 154 

ulations) from which data were extracted (Weir et al., 2018).  155 

All cost-related data were converted to US Dollars (USD) according to the Purchasing 156 

Power Parities (PPP) provided by the Organization for European Co-operation and De- 157 

velopment (OECD) (Organisation for European Co-operation and Development, 2020), 158 

and subsequently discounted to 2018 USD (as the most recent evidence was based on 2018 159 

data) through an on-line inflation calculation tool (Coin News, 2021) based on US Con- 160 

sumer Price Index Data (U.S. Bureau of Labor Statistics, 2021). 161 

As the meta-analytic estimate was based on a ratio (between costs and DALYs), log- 162 

arithmic transformation of this parameter was performed prior to CI estimation and meta- 163 

analytic synthesis: this process was intended to deal with the a priori expected skewed 164 

distribution, as commonly acknowledged for ratio distributions like odds ratios and rela- 165 

tive risks (Higgins, White, & Anzures-Cabrera, 2008; Katz, Baptista, Azen, & Pike, 1978). 166 

The R package “meta” (version 5.0-0) was used for the meta-analytic computation 167 

and plotting (Balduzzi, Rücker, & Schwarzer, 2019). As required when high heterogeneity 168 

is a priori expected (Borenstein, Hedges, Higgins, & Rothstein, 2010) (here data were 169 

drawn from different countries, and thus from different contexts), the analysis was per- 170 

formed using a random effects model according to DerSimonian and Laird (DerSimonian 171 

& Laird, 2015). The synthetic result was reported as an estimate of the cost-per-DALY ratio 172 

(equal to the exponential of the meta-analytic mean of the logarithms, computed through 173 

the “metamean” function), along with its 95% CI (evaluated through the standard normal 174 

distribution method). Study weights were generated using the inverse variance method. 175 

Heterogeneity among studies was assessed using the I2 statistic (threshold level for signif- 176 

icant heterogeneity: ≥50%) and the chi-squared test for homogeneity (significance level for 177 

heterogeneity: p<0.1) (Higgins, Thompson, Deeks, & Altman, 2003). 178 

Since one of the studies was conducted within a different economic context (Unar- 179 

Munguía, Meza, Colchero, Torres-Mejía, & de Cosío, 2017), a post-hoc sensitivity analysis 180 

was conducted through computation of the average cost-per-DALY ratio by excluding 181 

that study. Moreover, the quantitative synthesis was also performed by considering the 182 

ratio between the obtained cost-per-DALY and the corresponding GDP per capita, in or- 183 

der to allow for more precise comparisons between studies, since the economic value of 184 

DALYs would be obviously affected by the size of the income and GDP per capita.  185 

Subsequently, the same analysis was conducted by considering indirect costs only, 186 

which are more closely related to income and productivity losses, and therefore to the 187 

GDP itself. For these further analyses, meta-analytic synthesis was conducted and re- 188 

ported as described above for the primary investigation. All statistical analyses were per- 189 

formed using the statistical software R (version 4.0.5) (R Core Team, 2021). 190 

3. Results 191 

3.1. Study Selection 192 

The study selection process is detailed in Fig. 1. Of the 1156 records obtained after 193 

deduplication, 1079 were screened out as they were either review papers or studies not 194 

including both cost and DALY analyses, or alternatively simple posters or conference ab- 195 

stracts. Among the 77 articles selected by the screening process, 21 were non-relevant 196 
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documents and 47 were related to studies about costs per DALY averted by cancer pre- 197 

vention (e.g., vaccination or screening) or therapy, and not the costs per DALY of the dis- 198 

ease itself.  199 

Furthermore, one study (Jimenez de la Jara et al., 2015) was potentially eligible ac- 200 

cording to inclusion criteria, but was excluded as it performed a simple scoping analysis 201 

based on DALYs and GDP per capita without providing clear specification of data sources 202 

and methodologies deployed. Eventually, one study (Schlueter et al., 2020) was not in- 203 

cluded because it failed to provide figures feasibly allowing the computation of the cost- 204 

per-DALY ratio (i.e., both absolute or standardized per 100,000 persons). 205 

As a result, 7 studies were included in this review, of which five (Neves et al., 2021; 206 

Noh et al., 2020; Oh et al., 2012; Unar-Munguía et al., 2017; Vondeling, Rozenbaum, Dvort- 207 

sin, Postma, & Zeevat, 2016) were also eligible for quantitative synthesis since they pro- 208 

vided directly retrieved cost and DALY estimates. On the contrary, 2 studies (John & Ross, 209 

2010; Ranganathan et al., 2021) provided only rough estimates of costs starting from 210 

DALYs and pre-determined parameters (per-capita GDP or value of a statistical life, VSL), 211 

and therefore were kept as a comparison term for estimate difference projections. 212 

Figure 1. – Study selection flow-chart according to the PRISMA Standard. 213 

3.2. Characteristics of included studies 214 

The 7 studies included in this review were published between 2012 and 2021. Six of 215 

these studies (John & Ross, 2010; Noh et al., 2020; Oh et al., 2012; Ranganathan et al., 2021; 216 

Unar-Munguía et al., 2017; Vondeling et al., 2016) adopted a societal perspective, and only 217 

one (Neves et al., 2021) chose a healthcare system perspective. Characteristics of all studies 218 

are summarized in Tables S1-S2. 219 
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The 5 studies retrieving costs and DALYs from independent sources were based on 220 

national data from 4 countries (Korea, Mexico, the Netherlands and Portugal). These stud- 221 

ies were basically aimed at assessing health and economic burden of neoplastic disease in 222 

the relevant country: 3 of them (Neves et al., 2021; Noh et al., 2020; Vondeling et al., 2016) 223 

were longitudinal retrospective studies based on data from different time spans (i.e. 5-20 224 

years), one (Oh et al., 2012) was designed as a prevalence study and one (Unar-Munguía 225 

et al., 2017) was based on a virtual prospective cohort. Data sources included: for direct 226 

costs, national pension institutes, health authorities and insurance corporations; for indi- 227 

rect costs, central statistics bureaus and national ministries; for DALYs, databases from 228 

(and/or software based on) surveys developed by supranational institutions (i.e. World 229 

Health Organization and European Union), national institutes for statistics or cancer reg- 230 

istries. 231 

The other 2 studies were economic evaluations (in one case (Ranganathan et al., 2021) 232 

nested into a prevalence study) on a wider scale, either international or worldwide. They 233 

basically aimed at estimating the economic burden of one or more neoplasms, and they 234 

were based on DALY-related data coming from the Global Burden of Disease studies and 235 

from other authorities, such as the Institute for Health Metrics and Evaluation and the 236 

World Health Organization. In these studies, costs were estimated by multiplying DALYs 237 

for pre-determined parameters, i.e. GDP per capita (John & Ross, 2010) and Value of Sta- 238 

tistical Life (VSL) (Ranganathan et al., 2021) respectively. 239 

3.3. Quantitative analyses 240 

Considering the five studies independently performing cost and DALY analyses on 241 

a national scope, burdens of neoplasms included in each analysis differed appreciably 242 

among the studies under investigation, with health burdens ranging from 8.93 to 679 243 

thousand DALYs, and relevant costs from 94.23 to 3,515 USD million. This corresponded 244 

to a cost-per-DALY ratio spanning from around 5,200 to 25,800 USD for each DALY as- 245 

cribable to the disease (Table 1a). 246 

Table 1. – Outcomes of included studies. (a) For studies performing separately economic analyses 247 
related to costs and DALYs, relevant figures are reported for both measures of the burden (first two 248 
columns): the cost-per-DALY ratio was computed (third column), and the table reports also the GDP 249 
per capita of the corresponding countries, as retrieved by the World Bank Data (last column). (b) 250 
For the remaining studies, assumed cost-per-DALY ratios were retrieved from the studies, along 251 
with DALY and derived cost estimates. All data were reported after discounting to 2018 USD. 252 

(a) Studies performing separately economic analyses related to costs and DALYs 

1st author, year 
Income 

group 

Costs [2018 

USD mlns] 

DALYs 

[thousands

] 

Cost-per-DALY ratio (a 

posteriori) [2018 

USD/DALY] 

GDP per capita [2018 

USD] 

Neves et al, 2021 High 106.9 8.93 12,000 27,736 

Noh et al, 2020 High 2,460 355 6,900 30,015 

Vondeling et al, 2018 High 1,666 64.6 25,800 58,846 

Oh et al, 2012 High 3,515 679 5,200 24,949 

Unar-Munguia et al, 

2017 

Upper-

middle 
94.23 15.8 6,000 11,160 

(b)  Studies estimating costs based on disease burden (DALYs) and a priori assumed cost-per-DALY ratios 

1st author, year 
Income 

group 

Costs 

[2018 USD mlns] 
DALYs [thousands] 

Cost-per-DALY ratio (a priori) 

[2018 USD/DALY] † 

John et al, 2010 
All groups 

represented 

High income: 853,000 
Upper-middle income: 

90,600 

Low-middle income: 
85,700 

Low income: 14,700 

Total costs: 1,044,000 

High income: 18,094 
Upper-middle income: 

8,727 

Low-middle income: 
34,389 

Low income: 21,645 

Total DALYs: 82,855 

High income: 47,100* 

Upper-middle income: 10,400* 

Low-middle income: 2,500* 

Low income: 680* 

Ranganathan et 

al, 2020 
Low-middle 

Sub-Saharan Africa: 

1,964  

    
Southern Asia: 2,090 

   India: 1,419 

Sub-Saharan Africa: 

604.9 

 

Southern Asia: 1,294 

   India: 840.4 

Sub-Saharan Africa: 3,250* 

 

Southern Asia: 1,615* 

   India: 1,689*             (GDP per 

capita: 1,701) 
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   Bangladesh: 153 

   Bhutan: 1.235 
   Nepal: 14.3 

   Pakistan: 473 

   Bangladesh: 119 

   Bhutan: 0.439 
   Nepal: 18.2 

   Pakistan: 311 

   Bangladesh: 1,285*   (GDP per 

capita: 1,323) 
   Bhutan: 2,813*          (GDP per 

capita: 2,916) 

   Nepal: 786*               (GDP 
per capita: 955) 

   Pakistan: 1,521*        (GDP per 

capita: 1,437) 

mlns: millions; USD: United States dollar; DALY: Disability-adjusted Life Years; GDP: Gross Do- 253 
mestic Product. 254 

* The estimates were computed based on the reported data 255 

† Where data is referred to a specific country, the corresponding GDPs per capita 256 

were also reported (source: World Bank Data Catalog) 257 

The meta-analytic estimate of this cost-per-DALY ratio showed that this parameter 258 

could be reasonably quantified in 9,150 (95%CI: [5,560–15,050]) 2018 USD per DALY as- 259 

cribable to the disease (Fig. 2a). As four of the studies (Neves et al., 2021; Noh et al., 2020; 260 

Oh et al., 2012; Vondeling et al., 2016) included in this quantitative synthesis were con- 261 

ducted in high-income countries, while one (Unar-Munguía et al., 2017) was set in a coun- 262 

try with a different economic framework (upper-middle income), the same analysis was 263 

run excluding the latter study, resulting in a substantially unchanged estimate (10,070 264 

USD/DALY, 95%CI: [5,730–17,660], Fig. S1). 265 

In all these five studies, this estimate was much lower than the numerical value of 266 

the GDP per capita (Table 1a). Meta-analysis conducted on the ratio between the obtained 267 

cost per disease-related DALY and the corresponding GDP per capita showed that the 268 

cost per DALY is on average 31.6% (95% CI: [23.6–42.1]) of the national GDP per capita. 269 

This analysis also pointed out the heterogeneity (I2=91%) among different geographical 270 

and socioeconomic contexts, as further shown by the post-hoc subgroup analysis 271 

(p<0.0001) conducted by separating the two studies sharing the same origin (i.e. Korea) 272 

(Noh et al., 2020; Oh et al., 2012), where this ratio was as low as 21.8% (95% CI: [19.6– 273 

24.2]), from the others located in different settings, where the same parameter was esti- 274 

mated around 45.2% (95% CI: [34.7–55.7], Fig. 2b). 275 

Figure 2. – Forest plots for outcomes related to the cost-per-DALY ratio, according to meta-analytic 276 
computations described in the Methods. Meta-analytic estimate of the average cost per DALY as- 277 
cribable to neoplastic disease (and its 95% CI), performed considering all studies eligible for the 278 
quantitative synthesis (a). Expenditures per DALY were also considered in relation to the corre- 279 
sponding GDP per capita (b): given that two studies were set in the same context (Korea)32,34, a post- 280 
hoc subgroup analysis was also performed by separating them from other settings. 281 
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A 294 

similar meta-analytic computation was performed on the ratio between indirect costs and 295 

DALYs, which showed that every DALY ascribable to neoplastic disease is responsible for 296 

an average indirect expenditure around 3,890 (95% CI: [2,570–5,880]) 2018 USD (Fig. 3a). 297 

Considering high-income countries only, these average indirect costs rise up to 5,150 (95% 298 

CI: [3,450–7,680]) 2018 USD (Fig. S2). 299 

Meta-analysis conducted on the ratio between the obtained indirect cost per disease- 300 

related DALY and the corresponding GDP per capita showed that the indirect expendi- 301 

ture is on average 14.1% (95% CI: [11.9–16.8]) of the numerical value of the national GDP 302 

per capita (Fig. 3b). Again, remarkable heterogeneity (I2=96%) could be spotted among 303 

different geographical and socioeconomic contexts. 304 

Figure 3. – Forest plots for outcomes related to the ratio between indirect costs and DALYs, accord- 305 
ing to meta-analytic computations described in the Methods. Meta-analytic estimate of the average 306 
indirect cost per DALY ascribable to neoplastic disease (and its 95% CI), performed considering all 307 
studies eligible for the quantitative synthesis (a). Indirect expenditures per DALY were also consid- 308 
ered in relation to the corresponding GDP per capita (b). One study31 was not included in this com- 309 
putation due to absence of indirect cost data. 310 
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 311 

3.4. Quality assessment 312 

The quality and risk-of-bias assessment of studies included in this review is reported 313 

in the Supplementary Material (Table S3). One study (Ranganathan et al., 2021) resulted 314 

to be of poor quality, four studies (John & Ross, 2010; Neves et al., 2021; Noh et al., 2020; 315 

Oh et al., 2012) were classified as fair and two showed valuable methodological quality 316 

(Unar-Munguía et al., 2017; Vondeling et al., 2016). Interestingly, two of the included stud- 317 

ies (Noh et al., 2020; Ranganathan et al., 2021) lacked precise reporting of the currency and 318 

pricing date. Moreover, one study did not adopt a society perspective, focusing on direct 319 

costs only (Neves et al., 2021). 320 

4. Discussion 321 

This study was intended to provide an insight into the currently available literature 322 

about cost and DALY analyses of neoplastic disease. Moreover, in view of the various 323 

approaches adopted by the studies, this review also aimed at investigating the extent to 324 

which diverse estimation and computation methodologies might lead to differences in 325 

magnitude among the obtained estimates, thereby resulting in possibly disparate advice 326 

provided to policy-makers. 327 

Despite the recent efforts to quantify the economic loss due to cancer, few papers 328 

examining both costs and DALYs have been published. Several studies evaluated either 329 

DALYs (Melaku et al., 2018; Safiri et al., 2019) or Costs (Huang, Chen, Liao, Ko, & Hsiao, 330 

2020; Luengo-Fernandez, Leal, Gray, & Sullivan, 2013; Yabroff, Lund, Kepka, & Mariotto, 331 

2011), but there is still paucity of simultaneous analyses of these two parameters in rela- 332 

tion to neoplasms. 333 

The present systematic review and meta-analysis of economic evaluations showed a 334 

pooled cost-per-DALY ratio of around nine thousand 2018 USD per DALY accountable to 335 

neoplasms. Results also displayed that the total cost per DALY equals approximately one 336 

third of the national GDP per capita. Considering only indirect costs, the pooled ratio was 337 

around four thousand 2018 USD. Relating the indirect costs-per-DALY ratio to the na- 338 

tional GDP results in an indirect expenditure per DALY equaling one seventh of the an- 339 

nual country’s economic output per person. 340 

The quality of the studies reviewed was heterogeneous. There were differences on 341 

DALY computation with regard to the use of discounting, since three (Ranganathan et al., 342 

2021; Unar-Munguía et al., 2017; Vondeling et al., 2016) of the seven studies adopted a 343 
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discount rate although not recommended by current standards (World Health Organiza- 344 

tion (WHO) - Department of Data and Analytics, 2020). In fact, supranational bodies as 345 

the WHO and evidence in the scientific literature advised against the use of discounting 346 

and weighting in DALY computation, as no intrinsic reason appeared to provide ground 347 

for decreasing the value of a year of health simply because in the future (Tsuchiya, 2002), 348 

especially in the context where DALY are explicitly used to quantify loss of health, rather 349 

than the social value of this loss (Anand & Hanson, 1997; Barendregt, Bonneux, & Van der 350 

Maas, 1996; C. J. L. Murray & Acharya, 1997). 351 

However, the meta-analysis clearly demonstrates the potentially substantial differ- 352 

ences among estimates provided by studies conducted through different methodologies. 353 

Costs a posteriori evaluated after data collection and model building showed that the 354 

overall neoplasm-related indirect expenditure and productivity losses per DALY ascriba- 355 

ble to the disease were much lower than the numerical value of the GDP per-capita (Fig. 356 

3), and the same held for the total expenditure (i.e., also including direct costs, Fig. 2). This 357 

implies that the actual estimates of global costs of disease may be quite different from the 358 

“economic value” obtained multiplying DALYs by the GDP per capita. For a mere exam- 359 

ple, the fact that cost estimates would be cut by around 70% (Fig. 2b) implies that, if a 360 

posteriori computed parameters were used, the global cost estimate forecast by John et al. 361 

(John & Ross, 2010) would be reduced from one billion to 300 million 2018 USD. 362 

This might be explained by the fact that GDP measures the monetary value of all final 363 

goods and services produced in a country in a given period (generally a year). Conse- 364 

quently, GDP is composed of goods and services produced for sale in the market and also 365 

includes some non-market production (e.g., defense or education services provided by the 366 

government) (Callen, 2020), which may entail an excess computation of costs in relation 367 

to the actual economic burden of the disease when the GDP is taken as a predetermined 368 

proxy of the cost per DALY. 369 

The remarkable differences highlighted by this analysis cast doubts on the reliability 370 

of estimates obtained by valuing the monetary burden from simple analyses based on 371 

DALYs and GDP per capita, a methodology widely used not only for neoplastic disease 372 

(Jimenez de la Jara et al., 2015), but also in many other sectors such as, for example, infec- 373 

tious disease (Townsend, Greenland, & Curtis, 2017), injuries (Dalal & Svanström, 2015) 374 

and maltreatment-related illnesses (Mo et al., 2020). 375 

A limitation of our calculation lies in the fact that meta-analytic estimates were ob- 376 

tained from studies conducted in high-income countries only: therefore, the results in 377 

terms of cost-per-DALY ratio may not be generalizable to low-income or low-middle in- 378 

come countries (LMICs). However, the magnitude of the difference in global estimates 379 

according to the methodology is unlikely to be affected by these latter countries, since 380 

their relative contribution to global costs is limited (Table 1b). 381 

Another study used the VSL as a proxy of the cost per DALY: the VSL can be defined 382 

as the monetary value of a mortality risk reduction that would prevent one statistical 383 

death (Ashenfelter & Greenstone, 2004; Kniesner & Viscusi, 2019). When the tradeoff val- 384 

ues are based on choices in market contexts, the VSL can be adopted as an indicator of the 385 

marginal cost of enhancing safety and the population's willingness to pay for mortality 386 

risk reduction (Bellavance, Dionne, & Lebeau, 2009). 387 

The use of the VSL as a proxy of the cost per DALY has already been applied to ge- 388 

netic (Gong et al., 2021), occupational (Lebeau, Duguay, & Boucher, 2014) and infectious 389 

diseases (Herrera-Araujo, Mikecz, & Pica-Ciamarra, 2020). However, it is interesting to 390 

notice that figures obtained by Ranganathan et al. (Ranganathan et al., 2021) using the 391 

VSL methodology appeared to provide a cost-per-DALY estimate absolutely comparable 392 

to the value of the GDP per capita, with no appreciable difference in the magnitude of 393 

estimated costs: in fact, the ratio between VSL and GDP per capita ranged between a min- 394 

imum of 0.823 (in Nepal, 786/955) and a maximum of 1.058 (in Pakistan, 1,521/1,437, see 395 

Table 1b for detailed figures). Thus, it is likely that, as previously observed for the case of 396 
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GDP per capita, even using the VSL may equally lead to overestimating total costs of 397 

DALYs.  398 

In light of the above, some implications emerge for both researchers and policy-mak- 399 

ers. First of all, the availability of reliable estimates on the cost of neoplasms is absolutely 400 

required in order to steer targeted choices at the several levels of the decision-making 401 

process and to accurately allocate resources. For this reason, further studies are needed to 402 

provide a reasonable cost-per-DALY parameter that can be used to estimate costs of neo- 403 

plasms starting from relevant DALYs, similarly to the approach already adopted for dif- 404 

ferent sectors (Miller et al., 2020), where previously published cost-per-DALY estimates 405 

(Hirth, Chernew, Miller, Fendrick, & Weissert, 2000; Viscusi & Masterman, 2017) were 406 

considered and applied instead of fixed parameters like GDP or VSL. This would imply 407 

more challenging research but would also lead to understanding more clearly the actual 408 

economic burden ascribable to cancer. 409 

Subsequently, more precise computations of this burden would allow policy-makers 410 

to quantify the amount of resources deployed in relation to DALYs, and therefore to con- 411 

versely evaluate the economic benefits resulting from the reduction of these pathologies 412 

(Coons & Craig, 2008; World Cancer Leaders’ Summit, 2014). As a result, this would also 413 

help policy-makers to assess the need of improving healthcare policies in terms of primary 414 

prevention, screening programs and early diagnosis of neoplastic diseases (Emmons & 415 

Colditz, 2017). 416 

The present findings should be assessed in light of this study’s weaknesses and 417 

strengths. Along with the systematic search and analysis methodology, widely referenced 418 

in the scientific literature, this study is, to our knowledge, the first attempt to provide a 419 

quantitative synthesis of data inherent to costs per DALY ascribable to neoplastic disease. 420 

However, some limitations are present: firstly, the systematic review took into account 421 

studies investigating several types of neoplasms and/or a pool of neoplasms: the limited 422 

sample size prevented us from performing any subgroup or stratified meta-analysis for 423 

different neoplasm types. The presence of studies investigating different types of neo- 424 

plasms – from breast cancer to multiple myeloma, thus with treatment pathways and 425 

prognoses, which would result in different costs per DALY – is probably one of the rea- 426 

sons for the substantial heterogeneity of the obtained results. Moreover, another source of 427 

heterogeneity was represented by the fact that the retrieved original studies were con- 428 

ducted in different countries, and therefore in different social and economic contexts: try- 429 

ing to overcome this limitation was the main reason for which the cost-per-DALY ratio 430 

was also analyzed in relation to GDP per capita, so as to lower as much as possible the 431 

biasing impact of income differences on the pooled estimate. However, an important fact 432 

to be noted is that, although the heterogeneity of results should be carefully considered, 433 

the differences between GDP-based evaluations and a posteriori calculated data are al- 434 

ways wide, since even the highest estimates provided by the studies for the cost per DALY 435 

did not exceed 53.4% of the respective GDP per capita. 436 

Further studies are needed to investigate the extent to which these estimates, com- 437 

puted for a specific country, can be generalized to other settings, both in absolute terms 438 

and in relation to wealth and income indicators such as the GDP per capita. This holds 439 

particularly for low- and low/middle-income countries, where detailed research still has 440 

to be conducted on costs and DALYs of neoplastic disease. Eventually, an additional line 441 

of research could involve assessing how the adoption of different cost-per-DALY compu- 442 

tations may affect the prioritization of interventions. 443 

5. Conclusions 444 

Neoplasms represent a major health issue, concerning both the clinical burden (in 445 

terms of morbidity and mortality) and the consequent economic implications. With regard 446 

to the latter, DALYs are often used to measure the burden of disease, since they are a 447 

compound unit encompassing both disability and mortality, but substantial heterogeneity 448 

occurs when they are translated to monetary value.  449 
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Each DALY due to neoplasms has showed to averagely cost around nine thousand 450 

2018 USD in upper and upper-middle income countries, although this computation is 451 

strongly influenced by fluctuations depending on cancer type and other parameters (e.g. 452 

country, prices). Moreover, the use of a priori established parameters, such as GDP or 453 

VSL, leads to presenting rough estimates that, though, have appeared to be highly differ- 454 

ent (even threefold) from what has been a posteriori computed by directly retrieving fig- 455 

ures and/or building models out of available data. Therefore, further research is needed 456 

to understand the actual value of DALYs connected to neoplasms, and to elaborate relia- 457 

ble cost estimates that may provide reasonable ground to policy-makers for appropriate 458 

decision-making. 459 

 460 

Supplementary Materials: Search string; data collection form; Figure S1: Forest plot for the cost- 461 
per-DALY ratio: sensitivity analysis. Meta-analytic estimate of the average cost per DALY ascribable 462 
to neoplastic disease (and its 95% CI). This quantitative synthesis was computed and plotted as in 463 
Figure 2a, but excluding the only study not conducted in a high-income country (Unar-Munguía et 464 
al.); Figure S2: Forest plot for the indirect cost-per-DALY ratio: sensitivity analysis. Meta-analytic 465 
estimate of the average indirect cost per DALY ascribable to neoplastic disease (and its 95% CI). This 466 
quantitative synthesis was computed and plotted as in Figure 3a, but excluding the only study not 467 
conducted in a high-income country (Unar-Munguía et al.); TABLE S1 – Descriptive characteristics 468 
of included studies: general characteristics of included studies. White rows indicate studies per- 469 
forming separately economic analyses related to costs and DALYs (included in the quantitative syn- 470 
thesis), whereas shaded rows contain studies that deduce costs starting from DALYs (not included 471 
in the meta-analysis); TABLE S2 – Descriptive characteristics of included studies: economic param- 472 
eters and data sources. White rows indicate studies performing separately economic analyses re- 473 
lated to costs and DALYs (included in the quantitative synthesis), whereas shaded rows contain 474 
studies that deduce costs starting from DALYs (not included in the meta-analysis); TABLE S3 – 475 
Quality assessment of included studies according to the Quality of Health Economic Studies (QHES) 476 
instrument. 477 
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