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Abstract
Objectives Cancer diagnoses at later stages are associated with a decrease in health-related quality of life (HRQOL). Health 
state utility values (HSUVs) reflect preference-based HRQOL and can vary based on cancer type, stage, treatment, and 
disease progression. Detecting and treating cancer at earlier stages may lead to improved HRQOL, which is important for 
value assessments. We describe published HSUVs by cancer type and stage.
Methods A systematic review was conducted using Embase,  MEDLINE®, EconLit, and gray literature to identify studies 
published from January 1999 to September 2019 that reported HSUVs by cancer type and stage. Disutility values were 
calculated from differences in reported HSUVs across cancer stages.
Results From 13,872 publications, 27 were eligible for evidence synthesis. The most frequent cancer types were breast 
(n = 9), lung (n = 5), colorectal (n = 4), and cervical cancer (n = 3). Mean HSUVs decreased with increased cancer stage, 
with consistently lower values seen in stage IV or later-stage cancer across studies (e.g., − 0.74, − 0.44, and − 0.51 for breast, 
colorectal, and cervical cancer, respectively). Disutility values were highest between later-stage (metastatic or stage IV) 
cancers compared to earlier-stage (localized or stage I–III) cancers.
Conclusions This study provides a summary of HSUVs across different cancer types and stages that can inform economic 
evaluations. Despite the large variation in HSUVs overall, a consistent decline in HSUVs can be seen in the later stages, 
including stage IV. These findings indicate substantial impairment on individuals’ quality of life and suggest value in early 
detection and intervention.
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Introduction

Cancer is the second leading cause of death globally and 
led to an estimated 9.6 million deaths in 2018 [1, 2]. Glob-
ally, approximately 1 in 6 deaths is due to cancer [2]. The 
economic cost of treating patients with cancer is also sub-
stantial, as the total cost of cancer care is estimated to reach 
more than $200 billion in 2020 in the US alone [3].

Cancer is a heterogeneous disease which can affect dif-
ferent parts of the body and can then spread to other organs. 
Cancer staging is used to help assess prognosis and inform 
treatment decisions [4]. For each cancer type, tumor size, 
lymph node involvement, and presence or absence of metas-
tasis are used to define the stage of cancer, with stage 0 
indicating tumors that have not spread to other sites (i.e., 
in situ), stages I–III indicating localized tumors ranging in 
size and lymph node involvement, and stage IV indicating 
distant metastasis [4].

Symptoms caused by cancer will vary depending on type, 
location, and stage, as well as the extent of involvement. 
Morbidity, which is typically increased with later-stage can-
cer diagnosis and disease progression, may be associated 
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with widespread effects such as impairments in organ func-
tion, circulation, and other physiological processes [5]. Gen-
eral cancer-related morbidities such as fatigue, fever, and 
weight loss are often accompanied by cancer type-specific 
morbidities [6, 7].

In addition to disease-related morbidity, cancer treatment 
(i.e., standard antineoplastic therapy) has been associated 
with serious adverse events, including immunosuppression 
and infections. Additionally, recent cancer immunotherapy 
approaches, which are generally indicated in the treatment of 
advanced stage cancers, have been associated with immune-
related adverse events (e.g., cytokine release syndrome) and 
central nervous system toxicities (e.g., encephalopathy, sei-
zures) which can also impact patient quality of life [8–10].

The health-related burden of cancer on patients can be 
measured in terms of health-related quality of life (HRQOL), 
a multi-dimensional concept that includes domains related 
to physical, mental, emotional, and social functioning and 
focuses on the impact health status has on quality of life 
[11]. For patients with cancer, HRQOL can be impacted 
by factors such as fear, cancer-related fatigue, type of treat-
ment received, social changes, and financial stress, as well 
as patient characteristics such as age, gender, and cancer 
type or site [12]. HRQOL can vary based on stage of cancer, 
disease progression, and cancer treatment/management [13]. 
Understanding how HRQOL is impacted by cancer types 
and stages is an essential part of fully describing the burden 
cancer places on patients.

Health state utility values (HSUV), a measure of prefer-
ence-based HRQOL, represents individual’s preference for 
being in a particular health state and are anchored on a 0 
(dead) to 1 (full health) scale, with negative values repre-
senting health states worse than death [14]. Assessment of 
health state utilities can be either direct or indirect, where 
direct utility assessment involves mapping preferences 
directly onto the utility scale (e.g., standard gamble, time 
trade-off), and indirect utility assessment involves mapping 
preferences onto a utility scale via a generic HRQOL ques-
tionnaire (e.g., EQ-5D, short form six dimensions [SF-6D]) 
[14, 15]. Additionally, direct utility methods can include 
valuations of a patient’s own health state or valuations of 
health state vignettes, the latter of which may be valued by 
either patients who have experience with the relevant dis-
ease, by members of the general population who have no 
relevant clinical experience, or by health professionals or 
experts [14, 16, 17].

Disutilities, or decrease in utilities, can be used to assess 
HSUV reductions associated with adverse, disease-related 
outcomes such as progression and symptomatology, and 
adverse effects from chemotherapy and other treatments 
[14–16]. As part of the measure of benefit, utilities often 
have a strong influence on the results of cost-utility analyses, 
which are used in many countries to determine whether the 

cost of an intervention can be justified in terms of the health 
benefits it delivers [18–21]. Identifying gaps in our under-
standing of HSUVs and the potential clinical and economic 
impact may help to inform future research efforts.

Advances in cancer management include technologies 
that enable the earlier diagnosis of cancer (including poten-
tially shifting diagnosis to earlier stages). As improved 
noninvasive screening techniques are developed that can 
simultaneously detect multiple cancer types years earlier 
than conventional methods [22–24], the economic value of 
these approaches must be assessed. Therefore, the objective 
of this investigation was to review and synthesize published 
estimates of HSUVs by cancer type and stage.

Methods

Study design and search strategy

A systematic literature search was performed using 
 MEDLINE® and Embase (via OvidSP), EconLit (via 
EBSCOhost), and proceedings from the Professional Soci-
ety for Health Economics and Outcomes Research (ISPOR) 
2017–2019 (including ISPOR Europe), International Con-
ference on Health Economics (ICHE) 2017–2019, and 
International Society for Quality of Life Research (ISO-
QOL) 2017–2019. Study identification and eligibility cri-
teria were developed using the evidence-based Population, 
Intervention, Comparator, and Outcome (PICO) framework 
as described by the Cochrane Collaboration’s handbook for 
Systematic Reviews of Interventions [25] (Online Resource 
1).

Predefined search strategies were employed to identify 
articles reporting studies in any country that evaluated any 
cancer-related HSUVs stratified by cancer stage in adults, 
regardless of method of utility elicitation. We included clini-
cal trials, observational studies, and surveys or data collec-
tion studies, and excluded case reports, pre-clinical stud-
ies, and economic analyses. Studies that recruited children/
adolescents or patients with precancerous conditions were 
also excluded. Articles were limited to those in English pub-
lished between January 1999 and September 9, 2019 (Online 
Resource 2). The selection of search terms to identify studies 
reporting HSUVs was informed by the list of recommended 
terms provided by the Canadian Agency for Drugs and Tech-
nologies in Health (CADTH) [26].

Titles and abstracts of initial search results were screened 
for eligibility by two analysts independently, with a third 
senior reviewer available to resolve discrepancies through 
arbitration. Abstracts eligible for inclusion were advanced to 
full-text screening, which was also performed by two inde-
pendent reviewers.
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Data extraction and analysis

Data from eligible publications were extracted by two inde-
pendent reviewers, organized into fields, and entered into 
 Microsoft® Excel spreadsheets for qualitative evidence syn-
thesis. Whenever available, collected study data consisted of 
the study name, year, authors, country/location, health state, 
utility assessment or development method, sample source, 
and patient eligibility criteria. Patient characteristics of 
interest included the population definition, age, sex, cancer 
type, cancer stage, duration of disease, and treatment status.

HSUV estimates were also extracted by cancer stage and 
type, when available. HSUVs were reported by numerical 
tumor/lymph/metastasis (TNM) cancer stage if available, 
or classified as early (i.e., localized and/or defined chrono-
logically) or later (typically distant spread or metastasis). To 
investigate how progression through cancer stages affects 
HSUVs, differences in HSUV between stages/states were 
calculated to produce disutility values.

Results are presented as mean or median and SD or 95% 
CI as indicated.

Quality of reporting

A quality assessment of study design, data collection 
techniques, and analysis and interpretation of results was 
performed by two independent methodologists using ele-
ments of critical appraisal from the checklist in the National 
Institute for Health and Care Excellence (NICE) single 

technology appraisal template for economic evaluations 
[27].

Results

Study selection

A total of 13,872 records initially identified by the data-
base search underwent title and abstract screening. Of these, 
137 citations were included for full-text screenings, from 
which 27 studies were eligible for inclusion in qualitative 
evidence synthesis. A Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) flow diagram 
illustrating the study selection process is presented in Fig. 1.

Study characteristics

Full study characteristics are summarized in Online 
Resource 3. Of the 27 studies analyzed, 25 were cross-
sectional and two were prospective observational studies. 
Studies were most commonly performed in multiple coun-
tries (n = 4), China (n = 4), South Korea (n = 3), the United 
States (n = 3), or Japan (n = 2), while the remaining stud-
ies took place in individual countries in Europe (n = 6), the 
Asia–Pacific region (n = 3), or the Americas (n = 2).

HSUVs were elicited by indirect methods (n = 16), direct 
methods (n = 7), or a combination of both methods (n = 4).

Fig. 1  PRISMA diagram. Only 
articles in English and pub-
lished between January 1999 
and September 9, 2019 were 
included. Studies with children/
adolescents or patients with 
precancerous conditions were 
not included. SLR systematic 
literature review
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Patient characteristics

The mean (SD) patient age across 16 studies with available 
data was 55.7 (11.3) years, and 32.2% of patients (based on 
23 studies) were male. From the five studies that reported 
race, the mean proportion of Caucasians was 73.1% (median 
[range]: 80.2% [46.9–93.8%]). The mean (SD) duration of 
disease was reported in only two studies: 232.4 (230.8) 
days in patients with advanced non-small cell lung cancer 
(NSCLC) [28] and 7.8 (4.6) years in patients with end-stage 
breast, prostate, or colorectal cancer [29]. Patient character-
istics are summarized by study in Online Resource 3.

Reported outcomes

Fifteen studies reported HSUVs by cancer stages, while 
12 studies reported HSUVs by cancer health states, from 
which ‘earlier’ or ‘later’ stage cancers were derived. Breast 
cancer was the most reported type (n = 9 studies), followed 
by lung (n = 5), colorectal (CRC; n = 4), and cervical cancer 
(n = 3). Prostate, esophageal, and head and neck cancer were 
reported in two studies each (Fig. 2). All HSUVs reported 
are summarized in Online Resource 4. HSUVs for bone can-
cer [16], endometrial cancer [30], and sarcoma [31] were 
each reported in single studies and are reported in Online 
Resource 4 only.

Breast cancer

A total of nine studies reported HSUVs in breast cancer: six 
that reported on patients with the condition [29, 30, 32–35], 
two on individuals from the general population (n = 2) [36, 
37], and one on healthcare experts [38]. HSUVs were based 
on direct methods in three studies [36–38], indirect methods 
in five studies [29, 30, 32, 33, 35], or both in one study [34].

Mean HSUVs ranged across all studies from 0.56 to 0.90 
in stage I, 0.48–0.79 in stage II, 0.45–0.77 in stage III, and 
0.35–0.86 in stage IV.

Of the nine studies on breast cancer, six reported lower 
HSUVs for distant/metastatic disease compared with local 
disease, producing negative disutilities (Fig. 3). The first 
two studies used indirect methods (EQ-5D-3L) to elicit 
HSUVs. In the first study, Guerra et al. [35] assessed patients 
with newly diagnosed breast cancer who had not initiated 
routine treatment. The calculated disutility at stage III/IV 
vs stage 0–II was –0.040 based on HSUVs of 0.689 and 
0.729, respectively. Corresponding disutilities were − 0.008 
and + 0.006 for patients who had initiated treatment with-
out or with chemotherapy, respectively. In the second study, 
which was performed with patients from a cancer screening 
program in China, Wang et al. [33] reported HSUVs that 
were significantly decreased with increased stage (0.789, 
0.793, 0.774, and 0.686 in stages I, II, III, and IV, respec-
tively; P < 0.001), producing disutility values of –0.103 for 
stage IV vs I and − 0.088 for stage IV vs III (Fig. 3).

Three studies that used direct methods also reported 
lower HSUVs in the later stages of breast cancer. Using the 
standard gamble (SG) approach, Kim et al. [36] reported 

Fig. 2  Numbers of studies by 
cancer type based on publica-
tions included in the systematic 
review

Breast cancer; 9

Lung cancer; 5

Cervical cancer; 3
Endometrial cancer; 1

Ovarian cancer; 1

Prostate cancer; 2

Colorectal cancer; 4

Esophageal cancer; 2

Head and neck cancer; 2

Melanoma; 1

Sarcoma; 1
Bone metastasis; 1
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Fig. 3  Disutility values calculated by stage of breast  cancera. SG 
standard gamble, TTO time trade-off. aDisutility values presented 
above are calculated for each stage as change in utility from previous 
stage(s). bWang [33]: EQ-5D-3L, own health state, patients. cSchlein-
itz [37]: SG, hypothetical health states, general population (females). 
dLidgren [34]: EQ-5D-3L, own health state, patients; TTO: hypo-
thetical health states, patients. eHildebrandt [30]: EQ-5D-3L, own 

health state, patients and healthy controls. fKim [36]: SG, hypotheti-
cal health states, general population. gGuerra [35]: EQ-5D-3L, own 
health state, patients. hChie [38]: SG and TTO, hypothetical health 
states, healthcare experts. *Health states that signified localized can-
cers were labeled as “earlier” stage and distant or metastasized as 
“later” stage
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HSUVs of 0.731, 0.600, and 0.352 for stages I–II, III, and 
IV, respectively, generating higher disutility values for stage 
I–II vs IV (–0.38) than stage III vs IV (− 0.25). In a separate 
study by Schleinitz et al. [37], women aged ≥ 25 years in a 
convenience sample from US primary care clinics and the 
community were assessed via SG, revealing that the highest 
disutility was produced for stage IV vs I (− 0.265), compared 
with stage IV vs II (− 0.195) or stage IV vs III (− 0.142). 
This trend was consistent among subgroups based on ethnic-
ity, age, education level, household income, marital status, 
and family history of breast cancer [37]. In the third study, 
Chie et al. [38] assessed HSUVs via an expert panel (n = 31), 
revealing higher disutilities for later (metastatic) vs earlier 
(localized) disease using both SG (− 0.750) and time trade-
off (TTO; − 0.642) approaches (Fig. 3). In the final study 
that reported lower HSUVs in later-stage breast cancer, 
Lidgren et al. [34] used both direct (TTO) and indirect (EQ-
5D-3L) methods in patients who received chemotherapy and 
hormone therapy. Based on TTO, disutilities were higher 
for stage IV vs I (− 0.080) than stage IV vs II–III (− 0.022); 
however, HSUVs based on the EQ-5D-3L resulted in a lower 
disutility for stage IV vs I (− 0.011) than stage IV vs II–III 
(− 0.094) (Fig. 3).

For the remaining three breast cancer studies, Hildebrandt 
et al. [30] reported no difference in median HSUVs between 
earlier (primary, nonmetastatic) and later (metastatic) dis-
ease (both 0.887 based on EQ-5D-3L) (Fig. 3); while Wood 

et al. [32] reported HSUVs for stage III–IV only (ranged 
from 0.62 to 0.78), and Farkkila et al. [29] only reported 
HSUVs for end-stage disease (0.447 based on EQ-5D-3L 
and 0.718 based on 15D) (see Online Resource 4).

Colorectal cancer

HSUVs for CRC were reported in four studies: three in CRC 
patients [29, 39, 40], and one in individuals from the gen-
eral Korean population [41]. HSUVs were reported based on 
direct methods (n = 1) [41], indirect methods (n = 2) [29, 39], 
or both (n = 1) [40]. Overall, mean HSUV ranges including 
subgroups were 0.64–0.77 for stage I, 0.56–0.72 for stage 
II–III, and 0.3–0.53 for stage IV.

Of the four studies, three reported HSUV at multi-
ple stages, all of which showed lower HSUVs with more 
advanced disease. Calculated disutility values from these 
studies are presented in Fig. 4. In a study by Huang et al. 
[39], HSUVs generated via EQ-5D-5L in patients who 
received treatment for newly diagnosed CRC yielded higher 
disutility values for stage IV vs I (− 0.273), compared with 
stage IV vs II (− 0.161) and stage IV vs III (− 0.07). In a 
study by Wong et al. [40], hypothetical CRC in patients with 
stage 3–5 chronic kidney disease (CKD) assessed via TTO 
produced a disutility of − 0.320 for later (metastatic) vs ear-
lier (localized) disease. Corresponding disutility values were 
− 0.340 and − 0.440 from patients who were undergoing 
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Fig. 4  Disutility values calculated by stage of colorectal  cancera. 
CKD chronic kidney disease, SG standard gamble, TTO time trade-
off. aDisutility values presented above are calculated for each stage 
as change in utility from previous stage(s). bWong [40]: TTO, hypo-
thetical health states, patients with chronic kidney disease. cLee [41]: 
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5D-5L, own health state, patients. *Health states that signified local-
ized cancers were labeled as “earlier” stage and distant or metasta-
sized as “later” stage
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dialysis or kidney transplant, respectively. Lee et al. [41] 
used SG in individuals from the general population, reveal-
ing greater disutilities for stage IV vs I (− 0.175) than stage 
IV vs II–III (− 0.107), with consistent findings among sub-
groups based on gender, age, education level, occupation, 
monthly income, hospitalization, and morbidity. Farkkila 
et al. [29] only reported an HSUV for stage IV CRC (0.662 
based on the EQ-5D-3L and 0.764 based on the 15D), which 
is summarized in Online Resource 4.

Lung cancer

Five studies assessed HSUVs in lung cancer from patients 
with the disease or individuals without cancer. Lung cancer 
subtypes comprised one study in squamous cell lung cancer 
[42], three studies in NSCLC [28, 43, 44], and one study 
in general lung cancer (n = 1) [45]. Four studies reported 
HSUVs derived from indirect methods [28, 43–45], and one 
from direct methods [42]. Studies by Wolff et al. [44] and 
Iyer et al. [28] that only reported HSUVs for early disease 
or late disease are summarized in Online Resource 4. Across 

all studies, mean utility scores ranged from 0.59 to 0.86 in 
stage I, 0.56–0.81 in stage II, 0.27–0.89 in stage III, and 
0.66–0.84 in stage IV.

Disutility values for the three studies in newly diag-
nosed lung cancer across multiple stages are presented in 
Fig. 5. In a study by Tramontano et al. [45], HSUVs based 
on the EQ-5D-3L at diagnosis produced a larger disutility 
for stage IV vs I (− 0.050) than stage IV vs III (− 0.010) 
or IV vs II (also − 0.010). In the same patients, disutili-
ties calculated based on the SF-6D (which was derived 
from the SF-12v2) were smaller overall, but still largest 
for stage IV vs I (− 0.050) compared with stage IV vs III 
(− 0.010) or stage IV vs II (− 0.020). A reassessment of 
these patients with the EQ-5D-3L at 11–13 months post 
diagnosis revealed a disutility of − 0.05 for stage IV vs 
I. While most subgroup analyses in this study showed a 
consistent trend of decreasing HSUVs with later stages, 
treatment-based subgroups defined as patients receiv-
ing chemotherapy, platinum surgery with chemotherapy, 
and platinum chemotherapy showed a trend for slight 
increases in HSUVs at stage IV vs stage III [45]. In a 

–0.105

–0.250

–0.350

–0.095

–0.010

–0.010

–0.050

0.000

0.010

–0.010

Stage IV vs Stage III
(SG)

Stage IV vs Stage II
(SG)

Stage IV vs Stage I
(SG)

Stage IV vs Stage III
(EQ-5D-3L)

Stage IV vs Stage III
(EQ-5D-3L)

Stage IV vs Stage II
(EQ-5D-3L)

Stage IV vs Stage I
(EQ-5D-3L)

Stage IV vs Stage III
(SF-6D)

Stage IV vs Stage II
(SF-6D)

Stage IV vs Stage I
(SF-6D)

Ki
m

 2
01

8d
Sh

en
 2

01
8c

Tr
am

on
ta

no
 2

01
5b

Sq
ua

m
ou

s 
ce

ll 
lu

ng
 c

an
ce

r

N
on

-s
m

al
l

ce
ll 

lu
ng

recna
C gnuL

recnac

Fig. 5  Disutility values calculated by stage of lung  cancera. SG 
standard gamble, SF-6D Short-Form 6 Dimension. aDisutility val-
ues presented above are calculated for each stage as change in util-

ity from previous stage(s). bTramontano [45]: EQ-5D-3L and SF-6D, 
own health state, patients. cShen [43]: EQ-5D-3L, own health state, 
patients. dKim [36]: SG, hypothetical health states, general population



1282 M.-M. Pourrahmat et al.

1 3

separate study by Shen et al. [43], HSUVs (based on EQ-
5D-3L) in patients with NSCLC resulted in a disutility 
of − 0.095 for stage IV vs III. In the third study, Kim 
et al. [42] used SG to elicit HSUVs in adults from the 
general population in Korea, revealing that the largest 
disutility occurred for stage IV vs I (− 0.350) compared 
with stage IV vs II (− 0.250) and stage IV vs III (− 0.105). 
Consistent results were observed in this study among sub-
groups based on gender, age, education level, occupation, 
monthly income, hospitalization, and morbidity.

Cervical cancer

Three studies reported HSUVs for multiple stages of cervi-
cal cancer; one study each in patients with the disease [46], 
individuals without cancer [47], or both [30]. Two studies 
generated HSUVs using only indirect methods [30, 46] and 
one study used direct methods [47]. Mean utility scores 
across studies ranged from 0.63 to 0.85 in stage I, 0.50–0.76 
in stage II, 0.52–0.71 in stage III, and 0.18–0.77 in stage IV.

All studies showed increased disutility with advancing 
disease (Fig. 6). When Endarti et al. [46] examined patients 
with cervical cancer, disutilities based on EQ-5D-3L were 
greatest for stage IV vs stage I (− 0.080) compared with 
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patients and healthy controls. cMurasawa [47]: SG, hypothetical 

health states, general population (female students). dEndarti [46]: EQ-
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stage IV vs II (+ 0.010) and stage IV vs III (+ 0.060). In 
the second study, Murasawa et al. [47] assessed HSUVs 
based on hypothetical cervical cancer at diagnosis and after 
medical intervention using SG in healthy female students 
at a nursing university. Disutilities calculated for stage IV 
vs stage I were the largest at both diagnosis (− 0.150) and 
after medical intervention (− 0.250) compared with stage 
IV vs II (− 0.130 and − 0.250, respectively) or stage IV vs 
III (− 0.100 and − 0.150, respectively) (Fig. 6). In the final 
study, Hildebrandt et al. [30] elicited HSUVs in patients 
with cervical cancer using the EQ-5D-3L, which produced a 
disutility of − 0.212 for later (advanced) vs earlier (primary) 
disease based on HSUVs of 0.788 and 1.000, respectively.

Prostate cancer

Two studies reported HSUVs in patients with prostate cancer 
[29, 47], both of which used indirect methods. Mean HSUV 
ranged from 0.87 in earlier (localized) disease to 0.55 in later 
(end-stage) disease. In the first study, Murasawa et al. [48] 
used the EQ-5D-5L to generate HSUVs at multiple stages, 
revealing a decrease from 0.845 in later (distant metastatic) 
disease vs 0.865 in earlier (localized with or without pro-
gression) disease to produce a disutility of –0.020. In the 
other study (Farkkila et al. [29]) a disutility value was not 

calculated as HSUVs were reported for end-stage disease 
only of 0.551 and 0.694 based on the EQ-5D-3L and 15D, 
respectively.

Head and neck cancer

Two studies estimated HSUVs for head and neck cancer in 
multiple cancer stages [49, 50], which ranged from 0.316 
to 0.699 in early (nonmetastatic) disease and 0.269–0.647 
in later (metastatic) disease, resulting in greater disutility at 
later vs earlier disease (Fig. 7).

In the first study, Schwarzinger et al. [49] determined 
HSUVs based on activities of daily living (ADL) assess-
ments in adults with head and neck squamous cell carci-
noma. A two-parameter graded response model was esti-
mated from all ADLs, and the latent health state scale 
underlying ADLs was calibrated with the French EQ-5D-3L 
social value set. In the full study population, the calculated 
disutility for later (metastatic) vs earlier (locally advanced) 
stages was − 0.091. When patients were stratified by age at 
diagnosis and number of comorbidities, those diagnosed at 
age 75–79 years reported the largest disutility for later vs 
earlier stages (− 0.133). In the second study, Szabo et al. [50] 
used SG to generate HSUVs from members of the Canadian 
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general public resulting in a disutility of –0.105 for later 
(metastatic) vs earlier (locoregional) disease.

Esophageal cancer

Two studies reported HSUVs in multiple stages of esopha-
geal cancer. One study used direct and indirect methods to 
elicit utilities from patients or healthy controls [51], while 
the other used an indirect method in patients only [52]. The 
mean HSUVs across studies ranged from 0.60 to 0.82 in 
stage I, 0.46–0.81 in stage II, 0.15–0.80 in stage III, and 
were 0.66 in stage IV.

Disutilities from these studies are summarized in Fig. 8. 
In the first study, Wildi et al. [51] elicited HSUVs from 
patients with a pathologically confirmed, newly diagnosed 
adenocarcinoma, or squamous cell carcinoma of the esopha-
gus based on both the patients’ own disease and the disease 
of a theoretical person. Cancer stages were based on Sur-
veillance, Epidemiology, and End Results Program (SEER) 
summary staging definitions [53]: stage I was defined as 
localized, stage II as regional, and stage III as metastatic 
disease. Based on TTO, the disutility for the theoretical per-
son was greater for stage III vs I (− 0.620) compared with 
stage III vs II (− 0.310), while corresponding disutilities for 
the patient’s own disease were − 0.280 and − 0.020, respec-
tively (Fig. 8). The disutilities derived using the EQ-5D-3L 

for the patient’s own disease were − 0.020 for stage III vs 
II and + 0.090 for stage III vs I [51]. Thus, patients consist-
ently rated their own utility better than that of the theoretical 
person.

In the second study, Liu et al. [52] produced HSUVs 
based on the EQ-5D-3L in healthy controls and patients 
with esophageal cancer who had been discharged more 
than a year prior to taking the assessment. In these patients, 
disutilities were greatest for stage IV vs stage I (− 0.160), 
compared with stage IV vs II (− 0.150) and stage IV vs III 
(− 0.140). Notably, HSUVs for the patients were decreased 
compared with healthy controls by 0.289, 0.303, 0.296, and 
0.505 at stages I, II, III, and IV, respectively (all P < 0.001).

Melanoma

One study by Tromme et al. [54] assessed HSUVs using the 
EQ-5D-5L in patients with melanoma who were in remis-
sion or undergoing treatment. Given the short and varied 
duration of treatment approaches (especially surgery), utili-
ties were assessed based on specific treatment durations (as 
assumed by experts) for each stage of cancer, while patients 
in remission were assessed based on different durations of 
remission. In patients undergoing treatment, disutility values 
were + 0.004 for stage IV vs stages I/II and + 0.048 for stage 
IV vs III. For patients in remission, corresponding disutility 
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values were − 0.006 and + 0.093, respectively (data not 
shown).

Study quality assessment

In the data quality assessment, a low overall risk was 
observed for the study design aspect, as the majority of 
studies indicated HSUV in the research question (Online 
Resource 5). However, some variation in risk was observed 
for data collection, as all studies reported methods used to 
value health states; however, two studies did not provide 
details of study subjects. Eleven studies reported the util-
ity directly from the patient samples for relevant groups, 
whereas 16 studies used modeling such as regression analy-
ses to estimate utility. Of the studies that used modeling, 11 
studies did not provide justification for the choice of model 
used and the key parameters on which the model was based. 
The included studies had low risk of other sources of bias, as 
all provided an answer to the study question and 25 studies 
reported conclusions based on the results, while two studies 
reported generalized conclusions.

Discussion

This review focuses on published studies reporting HSUVs, 
a measure of preference-based HRQOL, across multiple 
cancer types and stages, highlighting gaps in the evidence 
with regard to stage-specific health state utilities and disutili-
ties. While the impact of cancer on individuals’ HRQOL is 
well documented [12, 13, 55], there is limited information 
regarding the HRQOL impact of cancer stage, specifically 
stage at diagnosis.

Previous systematic reviews and studies have generally 
reported HSUVs before and after cancer progression or by 
lines of chemotherapy and only within a single cancer type 
or stage [14, 56–58]. Our review assesses and compares 
HSUVs across various cancer types and stages, thereby 
identifying important differences in HSUVs based on can-
cer stage across cancer types. The largest disutilities were 
found between later-stage (metastatic or stage IV) cancers 
compared to earlier-stage (localized or stages I–III) cancers; 
though, even within the earlier stages, HSUVs tended to 
decline with increasing stage.

The studies reviewed the most commonly addressed 
HSUVs associated with higher-incidence cancers such 
as breast, colorectal, and lung cancers, all of which cover 
only about 40% of cancer incidence. Data on utility values 
for other cancer types, which represent more than 60% of 
incident cancers, is in fact, sparse [59]. Thus, while early 
detection of cancer is a critical element in improving cancer 
outcomes [60], our review suggests important gaps in the 

literature on HSUVs between stages within a cancer type, 
particularly for lower-incidence cancers.

We also found substantial heterogeneity in HSUVs across 
stages, particularly in later cancer stages. The potential cause 
of this variability is likely multifactorial, including the tim-
ing of assessment (e.g., at diagnosis vs during or after cancer 
treatment), utility elicitation method, types of responders 
(e.g., patients, healthy subjects, clinical experts), disease-
specific factors, and variations with regard to health state 
descriptions.

While previous studies have assessed differences in 
HSUVs by elicitation method and type of responder valu-
ing the health state [61], our review did not see a consistent 
bias with regards to method in the estimate of utility, though 
careful interpretation of values is warranted given the differ-
ences in methodologies and patient population inclusion. For 
instance, the TTO was used alongside the EQ-5D-3L in the 
studies by Lidgren et al. [34] and Wildi et al. [51] to obtain 
utility values in cancer patients. Clear differences in breast 
cancer health state utilities were observed when assessing 
utility values based on TTO compared to EQ-5D-3L in the 
Lidgren study. Mean TTO values were higher than mean 
EQ-5D-3L values for all cancer stages. Yet, the study by 
Wildi et al. did not find appreciable differences between the 
TTO and EQ-5D-3L across stages of esophageal cancer. Of 
the different HSUV derivation methods used in our review, 
the EQ-5D was most frequently used (n = 18), followed by 
direct elicitation methods (SG and TTO; n = 11), the SF-6D 
(n = 1), and the 15D (n = 1).

Despite differences in mean health utility values across 
studies among similar cancer types and stages, consistent 
declines in utility (i.e., disutility) were observed between 
earlier-stage (e.g., stage I) and later-stage (e.g., stage IV) 
cancers. Specifically, disutilities were notably highest 
between stage IV and stage I cancer, followed by stage IV 
and stage II cancer, and lowest between stage IV and stage 
III cancer, across all cancer types. This is likely due to the 
fact that earlier-stage (e.g., stages I–II) cancers tend to be 
associated with decreased symptom impact and can often be 
treated with curative intent, whereas later-stage or metastatic 
(e.g., stage IV) cancers are often associated with increased 
symptomatology due to tumor growth and/or spread to other 
organs and can require ongoing palliative treatment with 
chemotherapy [62]. In addition, the HSUVs reported in the 
study by Guerra et al. [35] were slightly lower in patients 
undergoing chemotherapy compared to any other cancer 
treatment, and even lower in patients undergoing sequential 
chemotherapy, irrespective of stage. This finding may be 
explained by an overload of distressing symptoms second-
ary to sequential cancer treatments or disease progression 
in those with advanced disease. Thus, if earlier detection of 
cancer could avoid a series of sequential treatments, patients 
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may experience a higher quality of life without the toxic side 
effects and psychological burden.

While there may be several possible subject- and study-
specific sources of variation in the reported HSUVs by can-
cer stage and type, our findings have shown differences in 
HRQOL across stages and increased disutility with later-
stage cancer diagnosis. Further research is warranted to 
further inform HSUVs by cancer type and stage to enable 
accurate representation in cost-utility models.

Strengths and limitations

A notable strength of this study is the exhaustive search 
strategy implemented to identify studies of interest. To 
our knowledge, this is the only study that provides HSUVs 
across cancer stages within multiple cancer types. The most 
notable limitation was the large heterogeneity across the 
evaluated studies. In addition to the large variation in the 
number of patients within each cancer stage, nearly half of 
the included studies had sample sizes of < 200, and some 
studies used a convenience-based sampling method for 
recruitment, which may limit the generalizability of the 
results. In several studies, HSUV estimates also varied by 
type of treatment received as well. Furthermore, in addi-
tion to fundamental differences across studies in how and 
from whom the utility values were collected, there was con-
siderable variability in the classification of cancer stages, 
though we attempted to provide uniformity for comparison 
purposes, and categorized certain cancer health states that 
specified localization of cancer as “earlier”-stage cancer and 
distant metastases as “later”-stage cancer based on clini-
cal guidelines. Finally, we only included English language 
publications, which may have excluded studies relevant to 
the research question.

Conclusions

This systematic review provides health state utility estimates 
across cancer types and stages. Overall, this review dem-
onstrates that cancers diagnosed at a later stage are associ-
ated with substantial HRQOL impairment, with consider-
able decline observed from stage I to stage IV. HSUVs are 
essential parameters in model-based economic evaluations 
that inform healthcare resource allocation and aid important 
policy decisions regarding the reimbursement of health tech-
nologies. These results could be informative for determining 
the value of novel approaches to early detection of cancer.
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