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Abstract

Objective: To appraise the sources of evidence and methods to estimate input parameter values in decision-analytic
model-based cost-effectiveness analyses of treatments for primary breast cancer (PBC) in older patients (> 70 years
old).

Methods: Two electronic databases (Ovid Medline, Ovid EMBASE) were searched (inception until 5 September-2021)
to identify model-based full economic evaluations of treatments for older women with PBC as part of their base-case
target population or age-subgroup analysis. Data sources and methods to estimate four types of input parameters
including health-related quality of life (HRQoL); natural history; treatment effect; resource use were extracted and
appraised. Quality assessment was completed by reference to the Consolidated Health Economic Evaluation Report-
ing Standards.

Results: Seven model-based economic evaluations were included (older patients as part of their base-case (n=3)
or subgroup (n=4) analysis). Data from younger patients (< 70 years) were used frequently to estimate input param-
eters. Different methods were adopted to adjust these estimates for an older population (HRQoL: disutility multipliers,
additive utility decrements; Natural history: calibration of absolute values, one-way sensitivity analyses; Treatment
effect: observational data analysis, age-specific behavioural parameters, plausible scenario analyses; Resource use:
matched control observational data analysis, age-dependent follow-up costs).

Conclusion: Improving estimated input parameters for older PBC patients will improve estimates of cost-effective-
ness, decision uncertainty, and the value of further research. The methods reported in this review can inform future
cost-effectiveness analyses to overcome data challenges for this population. A better understanding of the value of
treatments for these patients will improve population health outcomes, clinical decision-making, and resource alloca-
tion decisions.

Keywords: Economic evaluation, Decision-analytic modelling, Data sources of input parameters, Older women,
Primary breast cancer

Introduction
Around half of the deaths from cancer occur in patients
older than 70 years of age [1]. Breast cancer is the most
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or adjuvant chemotherapy) due to the increased risk of
treatment-related adverse events compared with younger
people [3]. As a consequence, clinicians and decision-
makers may be uncertain about the most appropriate way
to manage these older patients [4]. Health economic evi-
dence can inform treatment recommendations for breast
cancer in older patients by comparing the incremental
cost and health outcomes associated with different strat-
egies available for this population [5]. However, robust
evidence for the relative cost-effectiveness of the vari-
ous treatment strategies observed in routine practice for
older patients with breast cancer, including non-surgical
intervention, is currently sparse.

Decision-analytic models are essential to produce this
cost-effectiveness evidence by synthesising all relevant
evidence and extrapolating expected cost and health out-
comes over a lifetime time horizon [6]. As a minimum,
health states such as ‘disease-free; recurrence’ (or ’pro-
gressed disease’), and ‘dead’ have been used previously
to develop the structure of decision-analytic models for
breast cancer [7]. This structural characterisation of dis-
ease is unlikely to vary by the age of diagnosis. However,
there are few sources of evidence derived from older
patients to populate the input parameter values of these
decision-analytic models. The majority of randomised
controlled trials (RCTs) of treatments for breast can-
cer, for example, have either excluded older patients due
to their higher risk of morbidity and mortality or have
recruited relatively low numbers of older patients [8].
Therefore, in the absence of data from older patients to
populate key input parameter values, indirect evidence
sourced from younger patients may be used instead to
help estimate the cost-effectiveness of different treat-
ment strategies for primary breast cancer in an older
population.

Potential challenges may arise by using indirect evi-
dence from younger patients if there are systematic dif-
ferences with older patients in, for example, resource
use, health-related quality of life (HRQoL), the natural
history of the disease, or treatment benefits and harms.
Older patients with breast cancer may have more inter-
actions with the health care system and consume greater
quantities of health care resources post-treatment than
younger patients because of their relatively higher like-
lihood of comorbidity and frailty. Similarly, age-related
comorbidities may result in older patients having rela-
tively lower health-state utility values than younger
patients [9]. The natural history of the disease may vary
between younger and older patients if prognostic factors
(such as endocrine receptor positivity) differ across age
groups [10]. The magnitude and duration of benefit or
direct harm from treatment (for example, the severity of
adverse events after receiving chemotherapy) will likely
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depend on frailty experienced to a greater extent by older
patients than younger patients [11].

In light of these potential differences between older
and younger patients with primary breast cancer, if data
from younger patients are used to populate input param-
eter values to estimate the expected cost and health
outcomes of treatment strategies for older patients, ana-
lysts and decision-makers will need to appraise whether
these sources of evidence are appropriate for the target
population of the economic evaluation [12]. Inappropri-
ate input parameter values may result in inaccurate cost-
effectiveness estimates, decision uncertainty, and the
value of undertaking further research for older patients.
Therefore, this study aimed to appraise the sources of
evidence and methods to estimate input parameter val-
ues in decision-analytic model-based cost-effectiveness
analysis of treatments for primary breast cancer in older
patients (> 70 years old). The results from this study were
then used to inform recommendations to improve the
estimates of key input parameters in future cost-effec-
tiveness analyses of treatments for older patients with
primary breast cancer.

Methods

This study reports a systematic review of published
economic evaluations of treatments (including surgery
and any adjuvant or non-adjuvant treatments) for older
females (>70 years old) with early-stage primary breast
cancer following the principles of the Preferred Reporting
Items for Systematic Reviews and Meta-analyses Exten-
sion for Systematic Reviews (PRISMA) guidance [13].
This review focused on the methods used by the included
economic evaluations to estimate four types of input
parameters: (i) health-related quality of life (HRQoL), (ii)
the natural history of the disease, (iii) the magnitude of
relative treatment effects, and (iv) resource use.

Eligibility criteria

The criteria for inclusion and exclusion in the system-
atic review were based on the PICO framework [14], i.e.,
Population (older women aged 70 years or more with
early-stage primary breast cancer), Intervention (any
treatment, including surgery with or without adjuvant
therapy), Comparator (any therapy), Outcome (incre-
mental cost and health outcomes), and Study design (full
economic evaluation) (Table 1). A full economic evalu-
ation is defined as "the comparative analysis of alterna-
tive courses of action in terms of both their costs and
consequences” [15], including cost-effectiveness analy-
ses (CEA), cost-utility analyses (CUA) and cost—ben-
efit analyses (CBA) that used a decision-analytic model.
Conference abstracts and manuscripts were written in a
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Table 1 Systematic review inclusion and exclusion criteria
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Concepts Inclusion criteria

Exclusion criteria

Population and conditions
|, Stage Il, or early) breast cancer

Intervention Surgery with/without adjuvant therapy

Comparison Any treatments

Outcome Any outcome

Study Design Full economic evaluation (CUA, CEA, CUA) that used a
decision-analytic model in a peer-reviewed publication

Language English

Publication Full-text article

Older women aged 70 years or more with (operable, Stage

Only the aged below 70 years

Only premenopausal women

Only male breast cancer

Only metastatic breast cancer

Only locally advanced breast cancer
Only recurrence of breast cancer
Unconfirmed breast cancer

Only non-invasive breast cancer
Other diseases

Head-to-head comparison

Test to determine response after treatment
Procedures for diagnosis of breast cancer
Preventive strategy

Preoperative therapy

Nursing or rehabilitation care

Treatments or prevention for adverse drug events
Treating of cancer complication
Follow up strategy

Non-economic evaluation outcome, e.g., treatment prefer-
ence or quality of life

Partial economic studies (cost of illness study, outcome
description, cost description, outcome and cost descriptions,
cost analysis)

Systematic review

Clinical trials, observational studies

Other languages without English translation

Conference abstract or proceeding, abstract without full
article
Letter to editors, editorial, commentary, and news

non-English language were excluded (Additional file 1:
Appendix 1).

Information sources and search strategy

Ovid EMBASE® (1974 to 2021 Week 35) and Ovid Med-
line® (1964 to September 2021) were searched electroni-
cally from inception until September 2021. The search
strategy (Additional file 1: Appendix 2) comprised
disease-specific terms for early-stage primary breast
cancer and terms to identify published economic evalu-
ations according to the filters reported by the Centre for
Reviews and Dissemination [16].

Study selection and data collection

The titles and abstracts identified by the search strategy
were screened independently for relevance against the
inclusion criteria by two investigators (YW and LCC).
The full texts of eligible studies were further retrieved
and reviewed independently by two investigators (YW
and LCC) to finalise study selection. At the full-text
review stage, the age of the target population for the
base-case analysis and, if relevant, for any age-specific
subgroup analyses was identified within each economic
evaluation to determine whether the study was designed

for patients who were at least 70 years old. Discrepancies
were resolved through consultation with a third reviewer
(SQ) to make a final decision.

Data items

Data extraction comprised two stages. In the first stage,
the following data were extracted from each economic
evaluation by one author (YW): (1) study design (coun-
try; target population; strategies compared), (2) study
characteristics (evaluation method, i.e., CEA or CUA;
type of decision-analytic model; time horizon; perspec-
tive; health outcome measure used, and costs included),
(3) evidence sources that were used to estimate four types
of input parameter values (HRQoL; the natural history of
the disease; relative treatment effect; and resource use/
cost), (4) methods of analysis (whether deterministic/
probabilistic sensitivity analyses or value of information
(VOI) analyses were reported), and (5) estimated results
(base-case and sensitivity analyses, VOI, and key drivers
of relative cost-effectiveness through sensitivity analysis).
In the second stage of data extraction, the characteris-
tics of the estimation sample (sample size and mean age)
were extracted from the original sources of evidence used
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by the included economic evaluations to estimate their
input parameter values.

Quality assessment

The completeness of reporting in each economic evalua-
tion was assessed by 17 items in the Consolidated Health
Economic Evaluation Reporting Standards (CHEERS)
statement [17]. Full adherence to any item was noted as
"Yes, partially adherence was indicated as ’Partial, and
non-adherence as 'No. Two researchers (YW and LCC)
independently appraised each identified economic evalu-
ations’ quality. Any discrepancies were discussed with
a third reviewer (SG) to make a final decision. Quality
assessment was summarised visually and reported by a
narrative synthesis.

Data synthesis

The extracted data from each economic evaluation
were first reported in a table and summarised by a nar-
rative synthesis. This summary described the sample of
included economic evaluations according to the type of
decision-analytic model used, the proportion of studies
that had a target population of patients at least 70 years
old in either the base-case or subgroup analysis, the
treatment strategies compared, and the main results of
each economic evaluation. For each economic evalua-
tion, the sources of evidence used to estimate four types
of input parameter were then appraised to determine
whether they were obtained from an estimation sample
that corresponded with the age of the target population
(i.e.,>70 years old). For the remainder of this study, (1)
'HRQoL' refers to the health state utility values, (2) the
‘natural history of disease’ refers to the probability of
health events in the absence of a treatment effect, (3) the
relative treatment effect’ refers to the magnitude of dif-
ference between two treatments, and (4) 'resource use’
refers to the direct health care resources consumed by
patients. In the cases where evidence for input param-
eter values was based on an estimation sample of patients
aged less than 70 years old, the methods of each eco-
nomic evaluation were then appraised to determine
whether any adjustment or calibration was performed
to make these estimated values more appropriate for an
older population.

Results

The PRISMA diagram (Fig. 1) illustrates the identifica-
tion, screening and inclusion of studies. The electronic
database searches identified 3544 studies, and 67 were
read in full. The final sample comprised seven decision-
analytic model-based economic evaluations of treat-
ments for primary breast cancer in patients aged 70 years
or more [18-24] (Fig. 1).
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Characteristics of included studies

All of the included economic evaluations reported both
CEA and CUA. The decision-analytic models used by
the identified economic evaluations included a cohort
Markov model (n=3) [20, 21, 24] and a patient-level
simulation (n=2) [22, 23]. Two studies did not report
the type of decision-analytic model [18, 19]. All the seven
economic evaluations used at least three health states
within the structure of their decision-analytic model
(disease-free; progressed disease; and dead). Different
clinical outcomes were used between the economic eval-
uations to define the health state for progressed disease,
including recurrence, local relapse, or metastasis. The
structure of the decision-analytic model in four studies
[21-24] also included an additional health state for treat-
ment side effects (Table 2, Full data extraction in Addi-
tional file 1: Appendix 3).

Three economic evaluations (43%) had a base-case tar-
get population that focused exclusively on older patients
aged >70 years [20, 22, 23]. The two studies by Ward
etal [22,23] had a base-case target population of patients
aged 70 years or older with estrogen-positive invasive
breast cancer. Sen et al. [20] reported results for 70 years,
75-years, and 85-years old with early-stage breast cancer.
Four economic evaluations (57%) reported cost-effective-
ness estimates for older patients as part of subgroup anal-
ysis by age [18, 19, 21, 24]. The two studies by Naeim et al.
reported results for subgroups of patients aged 75-years
and 85-years old who had early-stage node-positive [18]
and node-negative [19] breast cancer. Desch et al. [24]
reported results for a subgroup of patients aged 60-years
to 80-years old with a diagnosis of primary breast cancer,
and Skedgel et al. [21] reported results for subgroups of
patients aged 70 years and > 80-years old.

Three studies [20, 21, 24] compared surgery alone with
either adjuvant chemotherapy alone [24], radiotherapy
[20], or chemotherapy = trastuzumab [21]. The results
from these three studies indicated that surgery alone
was more cost-effective than surgery plus adjuvant treat-
ments for the older population [20, 21, 24] (Table 2). Two
studies compared surgery plus adjuvant chemotherapy
with adjuvant chemotherapy=+endocrine therapy [18,
19]. Two studies compared surgery plus adjuvant radi-
otherapy with adjuvant endocrine therapy and their
combination [22, 23]. Of these four studies, which com-
pared different adjuvant strategies, the estimated results
suggested that less adjuvant treatment, or less harm-
ful adjuvant treatment (ie., less intensive radiotherapy
or less toxic chemotherapy), was more cost-effective
for older patients with breast cancer [18, 19, 22, 23]. No
published economic evaluation compared surgery with
non-surgical treatment as the initial strategy to man-
age older patients with primary breast cancer (Table 2).
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In addition, no identified economic evaluation reported
a value of information (VOI) analysis to investigate the
need for further research to reduce uncertainty in the
estimates of relative cost-effectiveness [25] (Table 2).

Quality assessment

Table 3 reports the quality assessment of the seven
economic evaluations according to the CHEERS cri-
teria (Table 3). Thirteen domains of the CHEERS crite-
ria (76%) were reported clearly by the included studies.
However, in general, the economic evaluations whose
base-case target population comprised older patients
exclusively reported the sources of evidence to estimate
input parameters more clearly than the economic evalu-
ations that reported results for older patients as part of
a subgroup analysis (Table 3). Six economic evaluations
partially reported their analytical methods and study
parameters which justifies the critical appraisal of these
values for the remainder of this review.

Analysis of evidence sources for input parameters
The economic evaluations’ sources of evidence and meth-
ods to estimate four types of input parameters (HRQoL,

natural history, treatment effect, and resource use) are
reported below. (Details of Input Parameters in Addi-
tional file 1: Appendix 4).

Health-related quality of life
All seven economic evaluations reported expected
health outcomes as quality-adjusted life years (QALYs)
[18-24]. The EQ-5D instrument was used to estimate
HRQoL in four studies [20—-23]. Three studies estimated
HRQoL values by expert elicitation [18, 19, 24]. Across
the included economic evaluations, four approaches were
taken to make the HRQoL values a function of the target
population’s age: (1) HRQoL, which was independent of
age; (2) partial age-dependent HRQoL; (3) age-dependent
HRQoL with a disutility multiplier; and (4) age-depend-
ent HRQoL with an additive utility decrement (Table 4).
The two studies by Naiem [18, 19] used HRQoL values
fixed across age subgroups and independent of the tar-
get population’s age. Patients were assumed to have lower
utility if they received hormone therapy (HRQoL =0.99),
or chemotherapy with minor toxicity (HRQoL =0.90) or
major toxicity (HRQoL =0.8). Similarly, Desch [24] also
assumed that patients had the same utility values after
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Table 2 Summary of characteristics for included studies
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Study, country  Target population

Type of model

Perspective, type of
study

Intervention and
Comparator

Results

Surgery plus adjuvant treatments used for comparisons

Naeim et al. Subgroup analyses:

(2005) [18] 45,65, 75, 85 years

USA women with early-stage
node (+) breast cancer

Naeim Subgroup analyses:

et al. (2005) 45,65, 75, 85 years

9] women with early-stage

USA node (+) breast cancer

Ward Older women targeted:

etal. (2019) 70 years or older with

[23] estrogen-positive inva-

USA sive breast cancer

Ward et al. Older women targeted:

(2020) [22] 70 years or older with

USA estrogen-positive inva-

sive breast cancer

Surgery as the comparator strategy

Desch Subgroup analyses:
etal. (1993) 60 to 80 years women
[24] with a diagnosis of
USA primary breast cancer
Skedgel Subgroup analyses:
etal (2013) [21] 40, 50,60, 70 and
Canada 80+ years women with

T1bNO breast cancer
Sen Older women targeted:
etal. (2014) 70,75, and 80 years
[20] women with early-stage
USA breast cancer

Not stated

Not stated

Patient-level Markov
microsimulation

Patient-level Markov
microsimulation

Markov model

Markov model

Markov model

Health care provider
CUA and CEA

Health care provider
CUA and CEA

Societal
CUA and CEA

Societal
CUA and CEA

Societal
CUA and CEA

Direct payer
CUA and CEA

Payer
CUA and CEA

Adjuvant chemo alone
(CMF)

Adjuvant chemo alone
(AQ)

Adjuvant endocrine
alone (Tamoxifen)
Adjuvant Chemo
(CMF) 4+Tamoxifen
Adjuvant Chemo

(AC) +Tamoxifen

Adjuvant chemo alone
(CMF)

Adjuvant chemo alone
(AQ)

Adjuvant endocrine
alone (Tamoxifen)
Adjuvant Chemo
(CMF) 4+Tamoxifen
Adjuvant Chemo

(AC) +Tamoxifen

Adjuvant radiotherapy
(APBI- alone)
Adjuvant endocrine
(Aromatase inhibi-

tor alone)

Adjuvant endocrine
(Aromatase inhibitor
alone)

Adjuvant radiotherapy
(APBI-alone)

Their combination

Surgery alone
Adjuvant chemother-
apy alone

Surgery alone
Adjuvant chemother-
apy alone

Adjuvant chemo-
therapy 4 concurrent
trastuzumab
Adjuvant chemo-
therapy + sequential
trastuzumab

Surgery alone
Adjuvant Radiotherapy
EBRT

Adjuvant Radiotherapy
IMRT

Adjuvant endocrine treat-
ment was cost-effective
in older women

Adjuvant endocrine treat-
ment was cost-effective
in older women

Adjuvant endocrine
treatment alone was the
cost-effective strategy

Adjuvant endocrine
treatment alone was the
cost-effective strategy

Adjuvant chemo was not
a cost-effective treatment
strategy for women aged
more than 75 years

Concurrent trastuzumab
plus adjuvant chemother-
apy was a cost-effective
strategy

EBRT was the cost-effec-
tive strategy

CTx chemotherapy, RTx radiotherapy, ETx endocrine therapy, Trz trastuzumab, CUA cost-utility analysis CEA cost-effectiveness analysis, QALY Quality-adjusted life
year, ICER Incremental Cost-Effectiveness Ratio, EBRT External beam radiation therapy, IMRT Intensity-modulated RT, APBI accelerated partial-breast irradiation, AC
adriamycin, cyclophosphamide, CMF cyclophosphamide, methotrexate, and 5-fluorouracil

experiencing minor and major side-effects from chemo-
therapy. This approach may overestimate the expected
QALYs accrued by older patients if the loss of HRQoL

due to treatment-related adverse events is greater than
for younger patients.
Skedgel et al. [21] estimated HRQoL values, which were

partially dependent on the age of the target population.
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Table 3 Reporting of each economic evaluation according to the Consolidated Health Economic Evaluation Reporting Standards

(CHEERS) criteria
CHEERS criteria
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Naeim, et al. (2005) [18]

Naeim, et al. (2005) [19]

Skedgel, et al. (2013) [21]

Sen, et al. (2014) [20]

Ward, et al. (2020) [22]

Ward, et al. (2019) [23]

Desch, et al. (1993) [24]

(Note) Key: has the item been reported?

Yes Partial No

The utility values for patients who were 'disease free’ were
calculated using EQ-5D data from the Medical Expendi-
ture Panel Survey (MEPS) between 2000 and 2002 [26]
(n=38,678 adults). This approach enabled the authors
to account for the negative association between age and
HRQoL in the general population. However, the HRQoL
values for subsequent health states (e.g., recurrence,
second recurrence) and adverse events (e.g., nausea)
appeared to be fixed and independent of age.

Sen et al. [20] used a disutility multiplier to estimate
HRQoL values, which depended on the age of the tar-
get population. The MEPS (1998-99) was also used by
Sen et al. to estimate age-dependent EQ-5D values for
patients after successful treatment to preserve the nega-
tive association between age and HRQoL in the general
population. Utility values for subsequent health states
(e.g., local recurrence) were estimated from a published
standard gamble study with 97 patients [27]. The authors
then adjusted these utility values using a disutility mul-
tiplier based on the mean age-dependent EQ-5D values
from the MEPS. This approach ensured that, on average,
the HRQoL values accrued by patients who experienced
these subsequent health states reflected the observed
decline of HRQoL over their lifetimes. For example, the
estimated HRQoL value for local recurrence was, there-
fore, lower for older patients than for younger patients.

Ward et al. [22, 23] used an additive utility decre-
ment to estimate HRQoL values, which depended on
the patient’s age. A representative cross-sectional survey

of the US population (n=4,000) estimated a baseline
EQ-5D value for 70 year old females between 2005 and
2006 [28]. The majority of subsequent health states had
a corresponding disutility which was subtracted from
this baseline EQ-5D value as an additive decrement (i.e.,
baseline HRQoL - disutility=new HRQoL). Similar
to Sen et al, this approach enabled the authors to esti-
mate HRQoL values for patients who entered subsequent
health states, which accounted for the lower HRQoL
experienced by older patients, on average, compared with
younger patients.

Natural history of the disease

The included economic evaluations used four methods to
estimate input parameters that reflected the natural his-
tory of breast cancer: (1) data were used from younger
patients without adjustment; (2) data were used from
older patients without adjustment; (3) plausible values
were assumed and varied in a sensitivity analysis, and (4)
data were used from younger patients and calibrated for
an older population (Table 5).

The two economic evaluations by Naiem et al. [18, 19]
estimated the 10-year breast cancer-specific mortality
for patients aged 75-years and 85-years old from studies
where the estimation sample was younger (e.g., between
50 and 55% of the sample was below 55-years old). This
approach may have underestimated the probability
of death in the target population if the 10-year breast
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Table 4 Sources of evidence to estimate the health-related quality of life
Author, year Health state Instrument and data  Target population ~ Sample size, mean Method of age

source age adjustment
Without adjustment of age
Naeim et al. (2005) Disease-free Not reported 45 years 150 No
[18] and Naeim Baseline Expert elicitation [67, 65 years Not reported
et al. (2005) [19] Progression: 68] 75 years
hormone therapy 85 years
minor toxicity with
chemotherapy
major toxicity with
chemotherapy
Desch et al. (1993) Disease-free Not reported 60 years NA NA
[24] Well Assumptions 65 years
Progression: 70 years
First recurrence 75 years
Side effect 80 years
Minor toxicity with
chemotherapy
Major toxicity with
chemotherapy
With adjustment of age
Skedgel, et al. (2013)  Disease-free: EQ-5D-3L from previ- 40 years 2981, Partial adjustment:
[21] Disease-free baseline ous literature [26] for 50 years 74 years [26] Age-dependent baseline
varied by age baseline value 60 years Not reported for side  values and fixed progres-
Progression: Utilities for side effects: 70 years effects sion state values

Sen et al. (2014) [20]

First local recurrence
Second local recur-
rence

Well after relapse
Distant recurrence

Side effect

Congestive heart failure
Febrile neutropenia
AML/MDS
Nausea/vomiting

1. Health states
Disease-free:
Surgery alone
Surgery by different
adjuvant treatments
Progression:
Recurrence

Distant metastasis
2. Utility modifier
70-74y

75-79y

80-84y

>85y

from the Cost-Effective- 80+ years
ness Analysis Registry
without reporting data

source

1.EQ-5D from previous

literature [27]
2.Standard gamble

from previous literature

[69]

70,75,and 80+ years 97 patients with

median age at 56 years
[27]. Not reported [69]

Disutility multiplier to
adjust standard gamble
utilities by the mean
age-dependent EQ-5D
utilities in the general
population
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Table 4 (continued)
Author, year Health state Instrument and data  Target population  Sample size, mean Method of age
source age adjustment
Ward et al. 1. Utility 1. Utility 70 years or older 965 patients of a Age-dependent baseline
(2020) [22] Disease-free EQ-5D from a cross- sub-cohort aged values and health-state
and Baseline sectional U.S. popula- 65-74 years [28] utilities with an additive

Ward et al. (2019) [23] 2. Disutility value: tion survey 2005 [28]
Progression

Distant metastasis
Second malignancy:
radiation Induced
salvage mastectomy
salvage axillary dis-
section after axillary
recurrence

Side effect

Fracture

Second malignancy:
endometrial cancer
salvage lumpectomy
with radiation
treatment of contralat-
eral cancer

Cardiac adverse event
(M)

DVT

Acute radiation derma-
titis, Grade 3

Hot flashes

Arthralgia

Late radiation-induced
fibrosis

ous economic evalua-
tion [70]

2. Disutility from previ-

utility decrement

DVT Deep vein thrombosis, AML/MDS acute myeloid leukaemia and/or myelodysplastic syndrome, M/ myocardial infarction

cancer-specific mortality is higher for older patients than
younger patients. By contrast, Sen et al. [20] estimated
the probability that patients experience health states
(e.g., recurrence and metastasis) from published data of
a trial that had recruited a sample of older females with
breast cancer. It is likely that the probabilities derived
from these trial data were more representative of an older
population, given that the target population of Sen et al.’s
economic evaluation and the estimation sample of the
trial had similar patient characteristics.

Skedgel et al. argued that the prior probability of recur-
rence was unknown for their target population. The
authors assumed a range of plausible values for the prob-
ability of recurrence across different ages to handle this.
One advantage of this approach was that the impact of
varying the probability of recurrence on cost-effective-
ness estimates could be explored in a sensitivity analy-
sis. Ward et al. [22, 23] estimated transition probabilities
using data from a published trial that had whose sample
was younger than 70 years old [23, 29-35]. To make these
data more representative of an older population, the
authors used calibration methods by applying a reduc-
tion factor’ to the annual event rate in both arms of the
trial. This approach reduced the absolute risk of events

and made the input parameter values more appropriate
for an older population.

Magnitude of treatment effects

The economic evaluations used four methods to incorpo-
rate age-specific heterogeneity in the relative treatment
effects. These methods include (1) direct estimation of
age-specific treatment effects from RCT or meta-anal-
ysis data; (2) scenario analyses of plausible age-specific
treatment effects in the absence of data; (3) the use of
observational patient-level data to estimate age-specific
treatment effects; and (4) the incorporation of age-spe-
cific behavioural parameters to modify the treatment
effect.

Skedgel et al. [21] assumed that the relative treatment
effect for adjuvant chemotherapy was a function of the
patient’s age. The authors estimated hazard ratios for
‘premenopausal’ (40 and 50 years) and ’postmenopau-
sal’ (60 and 70 years) patients using RCT data [36, 37].
These data indicated, for example, that adjuvant chemo-
therapy was less effective at reducing recurrence for older
patients (HR: 0.672) than younger patients (HR: 0.563).
The authors then assumed that the relative treatment
effect for adjuvant trastuzumab was the same for both
older and younger patients. Similarly, Desch et al. [24]
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Table 5 Sources of evidence to estimate the natural history of the disease
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Author, year

Parameters used in studies

Data source

Age of target population

Mean age of estimation
sample

From previous economic evaluations

Skedgel et al. (2013) [21]

Disease-free to recurrence
Proportion local recurrence/
recurrence

‘Instant’ conversion from local
to distant

Side effects

Rate of nausea [vomiting
(grades 3+4)

Rate of febrile neutropenia
Rate of CHF

Relative mortality risk [CHF
Rate of AML/MDS

Relative mortality rate |AML/
MDS

Relative risk of cardiotoxicity
|conTZ

Relative risk of cardiotoxicity
|seqTZ

From randomised controlled trials
Naeim et al. (2005) [19] and  Odds reduction of 10-year

Naeim et al. (2005) [18]

Sen et al. (2014) [20]

Ward et al. (2020) [22] and
Ward et al. (2019) [23]

Desch et al. (1993) [24]

mortality

Disease-free to death
Adjuvant Chemo CMF
Adjuvant Chemo AC

Adjuvant Tamoxifen

Adjuvant Chemo

CMF +Tamoxifen

Adjuvant Chemo AC 4+ Tamox-
ifen

Disease-free to recurrence
no RT

Disease-free to recur-
rence +RT

Recurrence to metastasis
Metastasis to death

Cumulative incidence
Disease-free to death
Overall survival

Death from 2" cancer
Disease-free to progression
Ipsilateral breast tumours
recurrence

Contralateral breast cancer
Distant metastasis

Side effects

Osteopenia requiring bispho-
sphonate

Bone fracture

Deep vein thrombosis
Fibrosis/soft-tissue necrosis
Hot flashes

Arthralgia

Radiation dermatitis, acute
grade 3

Disease-free to progression
First recurrence

Recurrences from previous
economic evaluations [71-73].
Adverse side-effects from
previous trials [36, 37]

Background non-cancer
mortality from United States
life tables 1997 [74];

Clinical trial [29]

Clinical trials [23, 29-35]

Clinical trials [38, 39]

40 years
50 years
60 years
70 years
80+ years

45 years
65 years
75 years
85 years

70,75, and 80 years

70 years or older

60 years
65 years
70 years
75 years
80 years

Patients aged > 70 years
account for 16% [36]
Patients aged > 60 years
account for 16.3% [37]

Age-specific mortality from 0 to
100 years

>70 years

70 years [29]

>65 years [30]
65.7 years [31]

57 years [32]

Not reported [33]

48 years [38]
Not reported [39]

seqTZ Sequential trastuzumab, conTZ concurrent trastuzumab, AML/MDS acute myeloid leukaemia and/or myelodysplastic syndrome, CHF chemotherapy-related
congestive heart failure, Al Aromatase inhibitor, APBI Accelerated partial-breast irradiation, AC adriamycin, cyclophosphamide, CMF cyclophosphamide, methotrexate,

and 5-fluorouracil
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assumed that the annual relative reduction in recurrence
for patients aged 60 to 69-years old was 20%, compared
with 30% for younger patients, according to data from a
meta-analysis of RCTs [38, 39].

Naiem et al. [18, 19] first estimated the relative treat-
ment effect of adjuvant therapies (odds-reduction of
10-year mortality) from a meta-analysis of RCTs for
patients aged 45-years and 65-years old [40-43]. In the
absence of evidence for the relative treatment effect in
75-years and 85-years old patients, the authors assumed
three possible values (low, medium, and high) of treat-
ment effects. In the 'high’ scenario, the magnitude of the
treatment effect was assumed to be equivalent to that
for a 65-year old patient. The authors then estimated
how reducing this treatment effect in older patients may
impact cost-effectiveness estimates by using the 'medium’
and ’'low’ scenario analyses. The details to calculate the
medium values (extrapolated the trend of less benefit
with increasing age) and the low values (minimal benefit)
were not described explicitly.

Sen et al. [20] incorporated age-specific heterogeneity
in the relative treatment effect by performing a patient-
level analysis of data from the observational Surveillance,
Epidemiology, and End Results (SEER) Program [44]. The
authors estimated the 5-year and 10-year overall survival
from radiotherapy compared with surgery. The estimated
treatment effects were stratified by three age groups (70—
74; 75-79; and 80-89 years old).

Ward et al. [22, 23] incorporated a behavioural param-
eter to reflect evidence that adherence to endocrine
therapy may reduce in older patients. Data from a regis-
try study of patients at least 65-years old estimated that
compliance with endocrine therapy was 61% at 5-years.
In the economic evaluation, this reduction of adherence
had a subsequent impact on the relative effectiveness of
endocrine therapy. By including this behavioural param-
eter, the authors were able to model potential changes in
the relative effectiveness of treatment as patients became
older.

Resources and cost
The included economic evaluations used two methods to
estimate input parameters for resource use: (1) estimated
input parameters were independent of age, and (2) esti-
mated input parameters were dependent on age (Table 6).
Five economic evaluations assumed that estimates
of resource use were independent of each patient’s age.
Naeim and Keeler [18, 19] estimated the resource use
for managing side effects of adjuvant chemotherapy
(10% of patients needed treatment to manage low white
cell counts, and 3% of patients required hospitalisation
for neutropenic fever) based on data from an RCT that
had a sample of younger patients (81% of the sample
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was <49-years old) [45]. However, this approach may
have underestimated the resources required if hospi-
talisation rates or treatment for low white cell counts
are higher in an older population [46]. Skedgel et al. [21]
extracted the local and distant recurrence costs from
published costing study [47]. These cost estimates were
fixed for all age subgroups. The mean age of the sample
in the published costing study was not reported, so it was
not clear whether these data were applicable for a popu-
lation of 70 year-old patients with primary breast cancer.
Ward [22, 23] estimated direct and indirect costs using
a hospital database and clinical guidelines. However, the
authors did not report how the estimated cost of the met-
astatic disease ($23,460) was calculated.

Two economic evaluations estimated age-specific input
parameter values for resource use [20, 24]. Desch [24]
extracted cost data from the previously published eco-
nomic evaluations [48, 49] and assumed that total costs of
breast cancer treatment decreased as patients got older.
This assumption was based on the reduction in follow-
up costs, fewer late recurrences, and increased mortality
from other causes over time. Sen estimated age-specific
(70-74, 75-79, and 80-94 years old at diagnosis) can-
cer-related costs by conducting a matched cohort study
from the SEER-Medicare database. Cancer patients were
matched with non-cancer patients based on age, race,
comorbidity, region, and year of diagnosis. All costs
(inpatient, outpatient, physician, home health, hospice,
and Durable Medical Equipment claims) for cancer and
non-cancer patients were estimated over the 2-months
before and up to 12-months after, date of diagnosis, and
then stratified by type of initial treatment received. The
cancer-related costs were the difference between the total
cost accrued by cancer patients and their matched con-
trol [20].

Discussion

Decision-analytic model-based economic evaluations
will be essential to help inform the growing interest
from decision-makers and clinicians about how best
to treat older patients diagnosed with primary breast
cancer. However, this review found just seven economic
evaluations of treatments for this older population, and
all studies compared adjuvant strategies only [18-24].
The authors of these economic evaluations used differ-
ent methods to estimate input parameters values for
HRQoL, the natural history of breast cancer, relative
treatment effects, and resource use by using data from
both older and younger patient populations. Therefore,
a gap exists between the economic evidence required
by decision-makers and the economic evidence avail-
able currently for managing primary breast cancer in
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Table 6 Sources of evidence to estimate resource use
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Author, year Parameters used in studies Data source Age of target population Mean age of estimation
sample
Direct cost
Naeim et al. (2005) [19] and Treatments Published guidelines, 45 years Not reported
Naeim et al. (2005) [18] Adjuvant chemo alone (CMF)  research studies, and expert 65 years
Adjuvant chemo alone (AC)  opinion of the treatment. 75 years
Adjuvant endocrine alone Managing side effects of 85 years
(Tamoxifen) adjuvant chemotherapy
Adjuvant Chemo from clinical trials [45]
(CMF) +Tamoxifen
Adjuvant Chemo
(AC) +Tamoxifen
Skedgel et al. (2013) [21] Treatment TC course, FEC-D course, 40 years Not reported
TC course febrile neutropenia, 50 years
FEC-D course AMD/MDS, and chemo 60 years
12 months adjuvant trastu- related nausea and vomiting 70 years
zumab, per case from previous literature [72, 804 years
Health states 731, 12 months adjuvant
Local recurrence, per case trastuzumab from previous
Distant recurrence, per case literature [75], local recur-
Post-recurrence follow-up, rence, distant recurrence and
per month post-recurrence follow-up
Side effect from previous literature [47],
Febrile neutropenia, per case  chemo-related CHF from
AML/MDS, per month previous cost-effectiveness
Chemo-related CHF, per analysis [76], and palliative
month trastuzumab from literature
Chemo-related nausea and [77]
vomiting, per case
Trastuzumab-related cardio-
toxicity, per month
Palliative trastuzumab, per
case
Sen et al. (2014) [20] Treatments SEER-Medicare 70,75, and 80 years 70-74 years; 75-79 years;
No RT Previous costing study [78] 80-94 years
EBRT
IMRT
Brachytherapy
Health states
Recurrence, mastectomy
Metastatic care
Continued phase
Death, last year of life
Desch et al. (1993) [24] Health states Previous literature [48, 49] 60 years Not reported
Chemotherapy, if given Medical College of Virginia 65 years
Side effects and estimates from Medicare 70 years
Minor toxicity data (1989) 75 years
Major toxicity 80 years
Direct and indirect cost
Ward et al. (2020) [22] and  Treatments ASCO and National Cancer 70 years or older Not reported

Ward et al. (2019) [23] Radiation Therapy
Anastrozole (per year)
Indirect costs of RT
Indirect costs of Endocrine
Therapy (Annual)
Health states
Salvage Mastectomy
Salvage Lumpectomy or Axil-
lary Dissection
Metastatic Disease (per year)

Centers Network (NCCN)
guidelines, all costs were
adjusted to 2019 dollars
using the US Bureau of Labor
Statistics overall Consumer
Price Index inflation

AC adriamycin, cyclophosphamide, CMF cyclophosphamide, methotrexate, and 5-fluorouracil, HRT tamoxifen hormone therapy, AWP Average Wholesale Prices, PHS
Public Health Service, EBRT external beam radiation therapy, RT radiation therapy, IMRT intensity-modulated RT
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older patients. To help close this evidence gap, the dif-
ferent methods to estimate age-specific input param-
eters reported in this review can inform the design of
future model-based economic evaluations and strate-
gies to overcome the relative scarcity of data from older
patients.

A key distinction between the identified economic
evaluations was whether they reported cost-effectiveness
evidence for older patients as the base-case analysis or as
part of subgroup analysis. For example, over half (57%)
of economic evaluations in this review reported a sub-
group analysis for patients older than 70 years old. Sub-
group analyses in economic evaluations are a valuable
method to investigate heterogeneity in cost-effectiveness
by identifiable patient characteristics [50]. However, it
is vital to ensure that input parameter values are appro-
priate for each subgroup under investigation. If future
economic evaluations report age-specific subgroup
estimates for older patients with primary breast cancer,
decision-makers and analysts should appraise whether
the input parameter values are expected to vary across
age groups or whether they are independent of age. This
will improve the face validity of the model-based analy-
sis and the external validity of the subgroup estimates of
cost-effectiveness.

The National Institute for Health and Care Excellence
(NICE) Decision Support Unit and the International
Society for Pharmaceutical Outcomes Research advise
that HRQoL should be estimated using evidence from
a population that is similar (e.g., age, sex, and disease
severity) to the modelled population [51, 52]. Age is a key
determinant of HRQoL because older patients may have
lower values than younger patients due to comorbidi-
ties and frailty [53]. In this review, the methods used by
Ward et al. [22, 23] and Sen et al. [20] to estimate HRQoL
(i.e. disutility multipliers or additive utility decrements
informed by baseline values from representative surveys
of the general population) are helpful techniques for
future economic evaluations to incorporate age-specific
input parameter values when only data from younger
patients are available. Peasgood et al. [54] report a sys-
tematic review and meta-regression of health state util-
ity values for breast cancer. Many economic evaluations
have previously obtained relevant input parameter values
from this study. This meta-regression could be developed
further by investigating whether including the mean age
of the patients in each study affects the estimated rela-
tionship between health state utility and the other varia-
bles. Similarly, some studies have used mapping methods
to estimate the statistical association between breast
cancer-specific patient-reported outcomes (e.g., the
European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire, EORTC QLQ-C30
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[55]) and generic instruments used to estimate health
state utility values (e.g., EQ-5D) [56—58]. Future mapping
studies could build on these earlier studies by including
an age variable to account for the impact of older age on
HRQoL.

Depending on the decision problem, older patients’ nat-
ural history of breast cancer may be available to estimate
transition probabilities between health states. However,
most economic evaluations in this review used evidence
from a younger population to estimate these natural his-
tory parameters. The calibration method by Ward et al.
[22, 23], which adjusted estimates from younger patients
so that they were appropriate for an older population,
is a helpful technique for future economic evaluations
when data from patients over 70 years old are not avail-
able. Alternatively, future economic evaluations could
use formal expert elicitation methods [59] to estimate
these natural history parameters with sensitivity analyses
around plausible values. There has also been an increase
in the availability of linked primary care, secondary care,
mortality, and cancer register data sources [60]. These
linked data could also be a valuable source of evidence
to estimate the natural history of breast cancer for older
patients in routine practice, ensuring that any selection
bias and confounding are accounted for.

The magnitude of the estimated relative treatment
effects and toxicity for patients with breast cancer can
vary by age and type of treatment [61]. For example,
chemotherapy and radiotherapy have shown a limited
survival benefit for older patients with primary breast
cancer than their younger counterparts [61]. Similarly,
the effectiveness of endocrine and biological therapy is
highly associated with the level and sensitivity of hor-
mone receptors and HER-2 receptors. Older patients
have a higher level of ER and PR receptors, whereas a
lower level of HER-2 receptors [62, 63]. For future eco-
nomic evaluations, the target population should be
defined clearly in terms of whether a patients’ age inter-
acts with the biological mechanisms of disease and, as a
consequence, whether the estimated treatment effects
are appropriate for that population. The choice of com-
parator strategies should also be limited to relevant ones
for the target population in routine practice. For exam-
ple, non-surgical strategies may be the most appropriate
comparators for patients who are ineligible for surgery
due to frailty.

Older patients consume more health care resources
than younger patients [63, 64] and costing studies from
the US and UK [65, 66] indicated that the main cost driv-
ers for cancer treatment in older populations were from
treating side effects and related health care (for exam-
ple, care and management of chemotherapy-induced
neutropenia, radiotherapy-induced skin/gastrointestinal
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reaction, and trastuzumab induced cardiotoxicity). It
is essential for future economic evaluations of treat-
ments for primary breast cancer to report the evidence
sources for resource use transparently to help decision-
makers appraise whether these data can generalise to an
older population. Sen [20] undertook a matched cohort
study to estimate the incremental cost of managing older
patients with primary breast cancer. Future research
could use a matched cohort design to estimate valuable
resource use data for older patients with primary breast
cancer using large national observational datasets which
link secondary care resource use with cancer diagnosis
data. These patient-level data could then provide a bet-
ter characterisation of how parameter uncertainty in esti-
mates of resource use is distributed.

One limitation of this review was that the search strat-
egy only identified published economic evaluations from
peer-reviewed academic journals and may have missed
some economic evaluations in the grey literature from
government or private organisations. However, the sam-
ple of included studies successfully identified a broad
range of different methods used to estimate input param-
eter values for an older population. A second potential
limitation was that this systematic review focused only
on four specific input parameter types. Therefore, valu-
able methods to estimate other input parameter types
may have been omitted. However, the focus on input
parameters for HRQoL, the natural history of the disease,
treatment effects, and resource use was sufficient to char-
acterise the majority of essential input parameters for any
model-based cost-effectiveness analysis.

Future research could begin to estimate the cost-effec-
tiveness of the different strategies along the full pathway
of care observed in routine practice to manage older
patients with breast cancer. This economic evidence
would be valuable to inform how best to treat these
patients by simultaneously considering health outcomes
and costs to the healthcare system. Future research could
also undertake a value of information analysis, based on
the probabilistic outputs from these model-based analy-
ses, to establish whether subsequent primary research in
older patients would be worthwhile to reduce uncertainty
in estimates of cost-effectiveness. Finally, future research
could appraise the sources of evidence and methods to
estimate input parameter values within economic evalu-
ations of treatments for older patients diagnosed with
other types of primary cancer.

Conclusion

The number of patients older than 70 years of age diag-
nosed with primary breast cancer is increasing. Health
economic evidence will be essential to inform how
best to manage these patients. This systematic review
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found only seven CEAs for this older population, indi-
cating that further economic evidence will be valu-
able to meet the needs of decision-makers and service
commissioners in the future. The methods to estimate
input parameters described in this systematic review
can help analysts overcome common data challenges to
improve the accuracy of expected cost and health out-
come estimates. Well-designed observational studies
using national register data and formal expert elicita-
tion exercises also present a considerable opportunity
to improve the quality of input parameters estimates
for this older patient population. A greater emphasis on
understanding the cost-effectiveness of care for older
patients with primary breast cancer will simultaneously
improve population health outcomes, clinical decision-
making for these patients, and the allocation of limited
resources for health care.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512962-022-00342-7.

Additional file 1: Appendix 1. Reasons for excluding studies. Appen-
dix 2. Search Strategy for Databases. Appendix 3.Full Data Extraction
Tables. Appendix 4. Details of Input Parameters.

Acknowledgements
Not applicable.

Authors’ contributions

All authors contributed to the study conception and design. Study design,
data collection and interpretation were performed by YW, SPG, and L-CC.
YW wrote the first draft of the manuscript, and all authors commented on
previous versions of the manuscript. All authors read and approved the final
manuscript.

Funding

This study did not receive any research funding. Yubo Wang received the
University of Manchester—China Scholarship Council joint scholarship for his
PhD study (2018 to 2021).

Availability of data and materials
Supplement information is included in the appendices.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
All authors (Yubo Wang, Sean P Gavan, Douglas Steinke, Kwok-Leung Cheung,
and Li-Chia Chen) declare no conflict of interest.

Author details

!Centre for Pharmacoepidemiology and Drug Safety, Division of Pharmacy
and Optometry, School of Health Sciences, Faculty of Biology, Medicine

and Health, The University of Manchester, 1st Floor Stopford Building, Oxford
Road, Manchester M13 9PT, UK. 2Manchester Centre for Health Economics,
Division of Population Health, Health Services Research and Primary Care,


https://doi.org/10.1186/s12962-022-00342-7
https://doi.org/10.1186/s12962-022-00342-7

Wang et al. Cost Effectiveness and Resource Allocation

(2022) 20:9

School of Health Sciences, Faculty of Biology, Medicine and Health, The
University of Manchester, Oxford Road, Manchester M13 9PL, UK. 3School

of Medicine, University of Nottingham, Royal Derby Hospital Centre, Uttoxeter
Road, Derby DE22 3DT, UK.

Received: 9 November 2021 Accepted: 30 January 2022
Published online: 01 March 2022

References

1.

20.

21.

22.

University of Oxfrod GCDL. Our World in Data. 2021 [cited 2021 06 Sep];
https://ourworldindata.org.

Tang SW, et al. Is surgery always indicated in older women with breast
cancer? Minerva Chir. 2010;65(5):555-68.

Given B, Given CW. Older adults and cancer treatment. Cancer.
2008;113(12 Suppl):3505-11.

Extermann M, et al. Priorities for the global advancement of care for older
adults with cancer: an update of the International Society of Geriatric
Oncology Priorities Initiative. Lancet Oncol. 2021;22(1):e29-36.
Drummond MF, et al. Methods for the economic evaluation of health
care programmes. Oxford University Press; 2015.

Brennan A, Akehurst R. Modelling in health economic evaluation. What is
its place? What is its value? Pharmacoeconomics. 2000;17(5):445-59.
Annemans L. Methodological issues in evaluating cost effectiveness

of adjuvant aromatase inhibitors in early breast cancer: a need for
improved modelling to aid decision making. Pharmacoeconomics.
2008,;26(5):409-23.

Parks RM, Holmes HM, Cheung KL. Current challenges faced by cancer
clinical trials in addressing the problem of under-representation of older
adults: a narrative review. Oncol Ther. 2021;9(1):55-67.

Ara R, Brazier JE. Populating an economic model with health state utility
values: moving toward better practice. Value Health. 2010;13(5):509-18.
Parks RM, Green AR, Cheung K-L. The impact of tumour biology on the
management of primary breast cancer in older women—based on a
research programme in Nottingham. Ann Breast Surg. 2021;5:5.

. Kojima G, Liljas AEM, lliffe S. Frailty syndrome: implications and challenges

for health care policy. Risk Manag Healthc Policy. 2019;12:23-30.
Kaltenthaler E, Tappenden P, Paisley S. Reviewing the evidence to inform
the population of cost-effectiveness models within health technology
assessments. Value Health. 2013;16(5):830-6.

Page MJ, et al. The PRISMA 2020 statement: an updated guideline for
reporting systematic reviews. BMJ. 2021;372:n71.

Methley AM, et al. PICO, PICOS and SPIDER: a comparison study of
specificity and sensitivity in three search tools for qualitative systematic
reviews. BMC Health Serv Res. 2014;14:579.

Rudmik L, Drummond M. Health economic evaluation: important princi-
ples and methodology. Laryngoscope. 2013;123(6):1341-7.
Dissemination, Cf.R.a. Systematic reviews: CRD's guidance for undertak-
ing reviews in health care. 1st ed. Centre for Reviews and Dissemination:
York; 2009.

Husereau D, et al. Consolidated Health Economic Evaluation Reporting
Standards (CHEERS)-explanation and elaboration: a report of the ISPOR
Health Economic Evaluation Publication Guidelines Good Reporting
Practices Task Force. Value Health. 2013;16(2):231-50.

Naeim A, Keeler EB. Is adjuvant therapy for older patients with node

(4) early breast cancer cost-effective? Breast Cancer Res Treat.
2005;94(2):95-103.

Naeim A, Keeler EB. Is adjuvant therapy for older patients with

node (-) early breast cancer cost-effective? Crit Rev Oncol Hematol.
2005;53(1):81-9.

Sen S, et al. Examining the cost-effectiveness of radiation therapy among
older women with favorable-risk breast cancer. J Natl Cancer Inst.
2014;106(3):dju008.

Skedgel C, Rayson D, Younis T. Is adjuvant trastuzumab a cost-effective
therapy for HER-2/neu-positive TTbNO breast cancer? Ann Oncol.
2013;24(7):1834-40.

Ward MC, et al. Cost-effectiveness analysis of endocrine therapy alone
versus partial-breast irradiation alone versus combined treatment for
low-risk hormone-positive early-stage breast cancer in women aged 70
years or older. Breast Cancer Res Treat. 2020;182(2):355-65.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 150f 16

Ward MC, et al. Radiation therapy without hormone therapy for women
age 70 or above with low-risk early breast cancer: a microsimulation. Int J
Radiat Oncol Biol Phys. 2019;105(2):296-306.

Desch CE, et al. Should the elderly receive chemotherapy for node-
negative breast cancer? A cost-effectiveness analysis examining total and
active life-expectancy outcomes. J Clin Oncol. 1993;11(4):777-82.
Fenwick E, et al. Value of information analysis for research decisions-an
introduction: report 1 of the ISPOR value of information analysis emerg-
ing good practices task force. Value Health. 2020;23(2):139-50.

Sullivan PW, Ghushchyan V. Preference-Based EQ-5D index scores

for chronic conditions in the United States. Med Decis Making.
2006;26(4):410-20.

Hayman JA, et al. Patient preferences concerning the trade-off between
the risks and benefits of routine radiation therapy after conservative
surgery for early-stage breast cancer. J Clin Oncol. 1997;15(3):1252-60.
Fryback DG, et al. US norms for six generic health-related quality-of-

life indexes from the National Health Measurement study. Med Care.
2007;45(12):1162-70.

Hughes KS, et al. Lumpectomy plus tamoxifen with or without irradiation
in women age 70 years or older with early breast cancer: long-term
follow-up of CALGB 9343. J Clin Oncol. 2013;31(19):2382.

Kunkler IH, et al. Breast-conserving surgery with or without irradiation

in women aged 65 years or older with early breast cancer (PRIME I1): a
randomised controlled trial. Lancet Oncol. 2015;16(3):266-73.

Potter R, et al. Lumpectomy plus tamoxifen or anastrozole with or with-
out whole breast irradiation in women with favorable early breast cancer.
Int J Radiat Oncol Biol Phys. 2007;68(2):334-40.

Blamey RW, et al. Radiotherapy or tamoxifen after conserving surgery

for breast cancers of excellent prognosis: British Association of Surgical
Oncology (BASO) Il trial. Eur J Cancer. 2013;49(10):2294-302.

Fisher B, et al. Tamoxifen, radiation therapy, or both for prevention

of ipsilateral breast tumor recurrence after lumpectomy in women

with invasive breast cancers of one centimeter or less. J Clin Oncol.
2002,20(20):4141-9.

Early Breast Cancer Trialists' Collaborative Group. Aromatase inhibitors
versus tamoxifen in early breast cancer: patient-level meta-analysis of the
randomised trials. Lancet. 2015;386(10001):1341-52.

Early Breast Cancer Trialists' Collaborative Group. Relevance of breast
cancer hormone receptors and other factors to the efficacy of adjuvant
tamoxifen: patient-level meta-analysis of randomised trials. Lancet.
2011;378(9793):771-84.

Smith |, et al. 2-year follow-up of trastuzumab after adjuvant chemother-
apy in HER2-positive breast cancer: a randomised controlled trial. Lancet.
2007,369(9555):29-36.

Perez EA, et al. Four-year follow-up of trastuzumab plus adjuvant chemo-
therapy for operable human epidermal growth factor receptor 2—positive
breast cancer: joint analysis of data from NCCTG N9831 and NSABP B-31.
J Clin Oncol. 2011;29(25):3366.

Fisher B, et al. A randomized clinical trial evaluating sequential metho-
trexate and fluorouracil in the treatment of patients with node-negative
breast cancer who have estrogen-receptor-negative tumors. N Engl J
Med. 1989;320(8):473-8.

Rosen PR, et al. A long-term follow-up study of survival in stage |
(TTNOMO) and stage Il (TINTMO) breast carcinoma. J Clin Oncol.
1989;7(3):355-66.

Peto R. Effects of adjuvant tamoxifen and of cytotoxic therapy on mortal-
ity in early breast cancer. An overview of 61 randomised trials among
28,896 women. Harmone Res Pediatr. 1989;32(Suppl1):165-165.

Early Breast Cancer Trialists' Collaborative Group. Systemic treatment

of early breast cancer by hormonal, cytotoxic, or immune therapy: 133
randomised trials involving 31 000 recurrences and 24 000 deaths among
75 000 women. Lancet. 1992;339(8784):1-15.

Early Breast Cancer Trialists' Collaborative Group. Tamoxifen for

early breast cancer: an overview of the randomised trials. Lancet.
1998;351(9114):1451-67.

Early Breast Cancer Trialists' Collaborative Group. Polychemotherapy

for early breast cancer: an overview of the randomised trials. Lancet.
1998;352(9132):930-42.

Warren JL, Klabunde CN, Schrag D, Bach PB, Riley GF. Overview of

the SEER-Medicare data: content, research applications, and gen-
eralizability to the United States elderly population. Med care.


https://ourworldindata.org

Wang et al. Cost Effectiveness and Resource Allocation (2022) 20:9

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

2002;40(Supplement):IV3-IV18. https://doi.org/10.1097/00005650-20020
8001-00002.

Fisher B, et al. Two months of doxorubicin-cyclophosphamide with and
without interval reinduction therapy compared with 6 months of cyclo-
phosphamide, methotrexate, and fluorouracil in positive-node breast
cancer patients with tamoxifen-nonresponsive tumors: results from the
National Surgical Adjuvant Breast and Bowel Project B-15. J Clin Oncol.
1990;8(9):1483-96.

Lyman GH, et al. Risk models for predicting chemotherapy-induced
neutropenia. Oncologist. 2005;10(6):427-37.

Will BP, Berthelot J-M, Le Petit C, Tomiak EM, Verma S, Evans WK. Estimates
of the lifetime costs of breast cancer treatment in Canada. Eur J Cancer.
2000;36(6):724-35. https://doi.org/10.1016/50959-8049(99)00340-8.
Hillner BE, Smith TJ. Efficacy and cost effectiveness of adjuvant chemo-
therapy in women with node-negative breast cancer. A decision-analysis
model. N Engl J Med. 1991,324(3):160-8.

Baker MS, Kessler LG, Smuker RC. Site-specific treatment costs for cancer:
an analysis of the medicare continuous history sample File, M.H.AP.
Cancer Care and Cost. Ann Arbor, Editor. 1989.

Sculpher M. Subgroups and heterogeneity in cost-effectiveness analysis.
Pharmacoeconomics. 2008;26(9):799-806.

Brazier J, et al. Identification, review, and use of health state utilities

in cost-effectiveness models: An ISPOR good practices for outcomes
research task force report. Value Health. 2019;22(3):267-75.

Papaioannou D, Brazier J, Paisley S, University of Sheffield. NICE DSU
Technical Support Document 9: the identification, review and synthesis
of health state utility values from the literature. 2010.

Fusco D, et al. An update in breast cancer management for elderly
patients. Transl Cancer Res. 2018;7(suppl 3):1-10.

Peasgood T, Ward SE, Brazier J. Health-state utility values in breast cancer.
Expert Rev Pharmacoecon Outcomes Res. 2010;10(5):553-66.

Scott NW, et al. EORTC QLQ-C30 reference values manual. 2008.

Guerra RL, et al. Breast cancer quality of life and health-state utility at

a brazilian reference public cancer center. Expert Rev Pharmacoecon
Outcomes Res. 2020;20(2):185-91.

Crott R, Briggs A. Mapping the QLQ-C30 quality of life cancer question-
naire to EQ-5D patient preferences. Eur J Health Econ. 2010;11(4):427-34.
Arving C, et al. Cost-utility analysis of individual psychosocial support

interventions for breast cancer patients in a randomized controlled study.

Psychooncology. 2014;23(3):251-8.

Soares MO, et al. Methods to elicit experts' beliefs over uncertain
quantities: application to a cost effectiveness transition model of nega-
tive pressure wound therapy for severe pressure ulceration. Stat Med.
2011,30(19):2363-80.

Henson KE, et al. Data resource profile: national cancer registration data-
set in England. Int J Epidemiol. 2020;49(1):16-16h.

McGuire A, et al. Effects of age on the detection and management of
breast cancer. Cancers (Basel). 2015;7(2):908-29.

Cheung KL, et al. Pathological features of primary breast cancer in the
elderly based on needle core biopsies—a large series from a single centre.
Crit Rev Oncol Hematol. 2008;67(3):263-7.

Diab SG, Elledge RM, Clark GM. Tumor characteristics and clinical
outcome of elderly women with breast cancer. J Natl Cancer Inst.
2000;92(7):550-6.

Gilford DM. The aging population in the twenty-first century: Statistics for
health policy. 1988.

Campbell JD, Ramsey SD. The costs of treating breast cancer in the US.
Pharmacoeconomics. 2009;27(3):199-209.

Parsekar K, et al. Societal costs of chemotherapy in the UK: an inci-
dence-based cost-of-illness model for early breast cancer. BMJ Open.
2021;11(1):039412.

Kattlove H, et al. Benefits and costs of screening and treatment for

early breast cancer. Development of a basic benefit package. JAMA.
1995,273(2):142-8.

Malin J, Keeler EJR. Los Angeles, Cost-effectiveness and health benefit of
breast cancer in women with early breast cancer. 2000.

Stout NK, et al. Retrospective cost-effectiveness analysis of screening
mammography. J Natl Cancer Inst. 2006;98(11):774-82.

Ito K, Blinder VS, Elkin EB. Cost effectiveness of fracture prevention in
postmenopausal women who receive aromatase inhibitors for early
breast cancer. In Presented at the, 2012. Citeseer.

Page 16 of 16

71. Skedgel C, Rayson D, Younis T. The cost-utility of sequential adjuvant
trastuzumab in women with Her2/Neu-positive breast cancer: An
analysis based on updated results from the HERA Trial. Value Health.
2009;12(5):641-8.

72. YounisT, Rayson D, Skedgel C. The cost-utility of adjuvant chemotherapy
using docetaxel and cyclophosphamide compared with doxorubicin and
cyclophosphamide in breast cancer. Curr Oncol. 2011;18(6):e288.

73. YounisT, et al. Adjuvant chemotherapy for breast cancer: a cost-utility
analysis of FEC-D vs. FEC 100. Breast Cancer Res Treat. 2008;111(2):261-7.

74. Anderson RN. United States life tables, 1997. Natl Vital Stat Rep.
1999;47(28):1-37.

75. Drucker A, Skedgel C, Virik K, Rayson D, Sellon M, Younis T. The cost
burden of trastuzumab and bevacizumab therapy for solid tumours in
Canada. Curr Oncol. 2008;15(3):136-42. https://doi.org/10.3747/cov15i3.
249.

76. Levy AR, Briggs AH, Demers C, O'Brien BJ. Cost-effectiveness of B-blocker
therapy with metoprolol or with carvedilol for treatment of heart failure
in Canada. Am Heart J. 2001;142(3):537-43. https://doi.org/10.1067/mhj.
2001.116479.

77. Potvin KR, Younis T, Sellon M, Barnes P, Rayson D. Patterns of trastu-
zumab use and cost in a single Canadian cancer institute. J Clin Oncol.
2005;23(16_suppl):6070-70. https://doi.org/10.1200/jc0.2005.23.16_
suppl.6070.

78. Rao S, Kubisiak J, Gilden D. Cost of illness associated with metastatic
breast cancer. Breast Cancer Res Treat. 2004;83(1):25-32.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1097/00005650-200208001-00002
https://doi.org/10.1097/00005650-200208001-00002
https://doi.org/10.1016/S0959-8049(99)00340-8
https://doi.org/10.3747/co.v15i3.249
https://doi.org/10.3747/co.v15i3.249
https://doi.org/10.1067/mhj.2001.116479
https://doi.org/10.1067/mhj.2001.116479
https://doi.org/10.1200/jco.2005.23.16_suppl.6070
https://doi.org/10.1200/jco.2005.23.16_suppl.6070

	Systematic review of the evidence sources applied to cost-effectiveness analyses for older women with primary breast cancer
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Eligibility criteria
	Information sources and search strategy
	Study selection and data collection
	Data items
	Quality assessment
	Data synthesis

	Results
	Characteristics of included studies
	Quality assessment
	Analysis of evidence sources for input parameters
	Health-related quality of life
	Natural history of the disease
	Magnitude of treatment effects
	Resources and cost

	Discussion
	Conclusion
	Acknowledgements
	References




