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Economic evaluation is a tool used by policy and decision makers 
to address the relationship between clinical effects and costs as-
sociated with diagnosis, treatment, adverse effects, supportive 

healthcare, and life gained or lost. Payers, providers, and physicians can 
use economic evaluations to inform drug formulary listing, procedure or 
device reimbursement, and patient care decisions.1-8 Decision analytic 
models have provided valuable support for health policy decisions ever 
since the Centers for Disease Control first presented such evidence to 
support vaccine recommendations in the late 1960s.2 More recently, 
these methods are being applied to targeted drug therapies. 

Targeted therapies, or personalized medicines, allow physicians to tai-
lor treatment to individual patients. These medicines exert their effect 
by specifically targeting biologic processes via gene or protein expression9 
and, though costly, can potentially offer substantial clinical and eco-
nomic offsets by avoiding ineffectual treatment and minimizing adverse 
effects. Therefore, decision analytic modeling and economic evaluation 
of targeted therapies are powerful tools with which clinical efficacy and 
costs can be weighed against standard care. Nonetheless, care must be 
taken to ensure that analyses are conducted in a manner that supports 
informed healthcare decision making. Many countries have outlined ex-
plicit economic evaluation guidelines to encourage appropriate conduct 
for decision-making purposes. To date, it is unclear how closely research-
ers have followed guidelines. Understanding how economic evaluations 
of targeted therapies are designed to inform decision making could en-
hance the health policy and managed-care environments. 

In this article, we examine how economic analyses of targeted therapy 
were conducted with a focus on informing healthcare decisions from the 
payer’s perspective. Given its widespread uptake and considerable success 
in the treatment of breast cancer, trastuzumab (Herceptin; Genentech, 
South San Francisco, CA) was chosen for assessment. Two decades of 
clinical study and application have facilitated several economic evalua-
tions of the drug and this systematic review examines those evaluations 
to understand whether analyses of targeted therapy were reported in a 
manner that supports informed healthcare decision making. We used 
economic evaluation guidelines from Canada, the United Kingdom, and 

the United States to establish deci-
sion support criteria. Our review 
focuses on recommendations specifi-
cally designed to aid the decision-
making process by increasing the 
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Objective: Decision makers must make decisions 
without complete information. That uncertainty 
can be decreased when economic evaluations 
use local data and can be quantified by consider-
ing the variability of all model inputs concur-
rently per international evaluation guidelines. 
It is unclear how these recommendations have 
been implemented in evaluations of targeted 
cancer therapy. By using economic evaluations 
of adjuvant trastuzumab, we have assessed the 
extent to which decision support recommenda-
tions were adopted. 

Study Design: Systematic review. 

Methods: Published economic evaluations of 
adjuvant trastuzumab treatment in early-stage 
breast cancer were examined as an established  
example of targeted therapy. Canadian, United  
Kingdom, and US economic evaluation guide-
lines were reviewed to establish extraction 
criteria. Extraction characterized the use of 
effectiveness evidence and local data sources 
for model parameters, sensitivity analysis 
methods (scenario, univariate, multivariate, and 
probabilistic), and uncertainty representation (ie, 
cost-effectiveness plane, scatterplot, confidence 
ellipses, tornado diagrams, cost-effectiveness 
acceptability curve). 

Results: Fifteen economic evaluations of adju-
vant trastuzumab were identified in the literature. 
Local data were used to estimate costs (15 of 15) 
and utilities rarely (2 of 15) but not trastuzumab 
efficacy. Univariate sensitivity analysis was most 
common (12 of 15), whereas probabilistic analy-
sis was less frequent (10 of 15). Two-thirds of all 
studies provided visual representation of results 
and decision uncertainty. 

Conclusion: Authors of adjuvant trastuzumab 
economic evaluations rarely use local data 
beyond costs. Quantification of uncertainty and 
its representation also fell short of guideline 
recommendations. This review demonstrates that 
economic evaluations of adjuvant trastuzumab, 
as an example of targeted cancer therapy, can be 
improved for decision-making support.  
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relevance of the economic evaluation to the decision maker’s 
setting and encouraging quantification and representation of 
decision uncertainty. 

MethoDS 
Systematic Search Strategy and Study Selection 

A search strategy was previously developed10 to identify 
published, peer-reviewed economic analyses of trastuzumab in 
the adjuvant treatment of breast cancer. The search encom-
passed literature published through October 2008 that were 
indexed in Biosis, Cochrane, the Centre for Reviews and Dis-
semination, EconLit, EMBASE, the Health Economic Evalua-
tions Database, MEDLINE, and PubMed electronic databases; 
we updated EMBASE and MEDLINE searches to February 
2011. Only English language citations were considered. Eco-
nomic evaluations were included if they represented original 
research; considered 2 or more alternatives in an incremental 
of cost-effectiveness, cost-utility, cost-benefit, or cost-minimi-
zation; and focused on the evaluation of trastuzumab therapy 
in the adjuvant setting. Abstracts were reviewed independent-
ly by 2 assessors, and relevant articles were obtained in full for 
additional review. Selection of studies on the basis of reviews 
of the full articles was conducted by a single reviewer, and a 
random sample was verified independently. 

Data Extraction 
We reviewed Canadian,11 United Kingdom,12 and US13 na-

tional drug or drug and device economic evaluation guidelines 
to identify recommendations for increasing the relevance of 
the analysis to the decision maker’s setting and quantifica-
tion and representation of decision uncertainty. The items 
identified from each guideline were then extracted from in-
cluded studies. The items selected for abstraction are listed in 
Table 1 along with the relevant guidance from each country. 
We excluded the recommendation to model local standard 
care and practice patterns because of the difficulty in identify-
ing and verifying local patterns across international treatment 
settings and language barriers. 

Data was extracted to a single form for data 
input and decision uncertainty. Here, we use de-
cision uncertainty to represent our understand-
ing of the likelihood that the result predicted by 
an economic evaluation will occur in practice. 
To understand how authors made each evalua-
tion relevant to the decision maker’s setting, we 
extracted the source for the following param-
eters and categorized the source as “local data” 
or “literature”: human epidermal growth factor 
receptor 2 (HER2) test properties, trastuzumab 

efficacy, risk of recurrence or survival, cost, and utility esti-
mates. For an item to be considered local data, the model 
parameter needed to be derived from actual practice in the 
jurisdiction of the evaluation or measured from the disease 
population of that jurisdiction. For example, health state 
utilities used in an economic evaluation in the United States 
were considered local if the utilities were measured from a US 
population of patients with the disease of interest. 

Quantification and representation of decision uncertainty 
was also documented. We extracted parameter type (stochas-
tic [point estimate selected at random from a distribution] or 
deterministic [single point estimate]) to gain an understand-
ing of the approach used to represent the “best guess” estimate 
of any variable considered in the evaluation. The methods 
of assessing uncertainty in those parameters and assumptions 
(termed sensitivity analysis) were subsequently extracted. 
Use of univariate, multivariate, scenario, or probabilistic 
sensitivity analysis was noted, including which parameters 
were assessed by each method. It was crucial to distinguish 
the methods of sensitivity analysis, as each serves a different 
purpose. Univariate analysis involves changing a single pa-
rameter estimate at a time to understand how that param-
eter influences results.14 Multivariate or scenario analysis 
involves changing multiple variables simultaneously, usually 
to represent some alternative set of circumstances, to under-
stand the impact on results.14 Univariate and multivariate 
analysis most frequently employ deterministic parameters. 
Finally, probabilistic analysis involves assigning distributions 
to model parameters (stochastic) and allowing each to vary 
randomly and concurrently to generate an empirical distri-
bution for the cost-effectiveness ratio.14 We also documented 
whether visual representation of results and uncertainty was 
provided and the type of graphic used to represent that un-
certainty (collectively termed decision aids). In this context, 
provision of decision aids was defined as clear graphic pre-
sentation of the cost-effectiveness plane with a scatterplot or 
confidence ellipses or of univariate sensitivity analysis results 
or cost-effectiveness acceptability curves (CEACs) with tor-
nado diagrams per the reviewed guidelines. Results presented 

Take-Away Points
Economic evaluations of adjuvant trastuzumab, as an example of targeted therapy, 
can better support informed decision making through increased use of local data 
to inform model parameters and quantification and graphic communication of 
decision uncertainty. Data reflecting local practice is rarely used to inform model 
parameters beyond costs. 

n	 Joint analysis of parameter uncertainty using probabilistic sensitivity analysis 
was reported in two-thirds of reviewed studies. 

n	 Graphics aimed at communicating the results of economic analysis and sensi-
tivity analysis were provided in two-thirds of all studies. 

n	 These methods are supported by several international guidelines.
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on the cost-effectiveness plane as a scatterplot or with confi-
dence ellipses give the reader a sense of the distribution of in-
cremental cost-effectiveness ratio (ICER) results. The CEAC 
shows the probability that a given intervention is more 
cost-effective than its comparator(s) over a range of willing-

ness-to-pay values, providing the decision maker with an esti-
mate of the likelihood that choosing to adopt the intervention 
would in fact be the right choice.15 We also considered value 
of information (VOI) analysis, because this method was sug-
gested by both Canadian and United Kingdom guidelines.11,12 

n	 Table 1. Summary of Canadian, United Kingdom, and US Guidelines Specific to Efforts to Aid in the Decision-
Making Process 

  Methodology  
Recommendation

 
Country

Data Input Recommendation Sensitivity 
Analysis

Decision 
Uncertainty Guideline Type   Purpose Effectiveness    Cost   HRQOL

Canada11 Drug and nondrug 
technologies

to support the 
produc tion of 
“credible and 
standardized” 
economic 
evaluations for 
use in the Ca-
nadian publicly 
funded deci-
sion-making 
environment

System-
atic review; 
incorporate 
real-world 
factors that 
modify the ef-
fect if feasible 
(ie, patient 
adherence, 
diagnostic 
screening 
accuracy, 
physician 
compliance 
and skill, en-
tire episode 
of care for 
devices)

Identify, 
measure, 
and value 
resources 
relevant to 
the decision 
makers’ 
setting (in-
cluding use 
of local unit 
costs)  
 
Base re-
source use 
estimates 
on Cana-
dian routine 
practice

Preferred 
measure-
ment from 
the general 
public that 
funds the 
healthcare 
system

Minimum of 
deterministic 
analysis for 
all inputs but 
should include 
additional 
methods  
  
Probabilistic 
analysis en-
couraged to as-
sess parameter 
uncertainty

Quantify the 
contribution of 
each param-
eter to decision 
uncertainty  

Value of 
information 
methods sug-
gested  
 
tornado 
diagrams, 
cost-effective-
ness planes, 
and CeACs 
recommended 
as visual 
representation 

United Kingdom12 Drug and nondrug 
technologies

to provide an 
overview of 
appropriate 
methods for 
technology ap-
praisal (includ-
ing systematic 
review, eco-
nomic 
evaluation) for 
submission to 
NICe

evidence of 
effectiveness 
preferred 
over efficacy 
 
Systematic  
review 
required  
 
typical 
patients, rou-
tine clinical 
practice, clini-
cally relevant 
outcomes 
should all be 
included

Resources 
should be 
valued using 
prices rele-
vant to the 
NhS

Should be 
elicited 
from a rep-
resentative 
sample of 
the United 
Kingdom 
population

Distributions 
should be 
assigned to 
characterize 
parameter 
uncertainty  
 
Probabilistic 
sensitivity 
analysis is  
preferred  
 
Scenario 
analysis should 
be used to 
examine 
assumptions

Value of infor-
mation analysis 
suggested  
 
Confidence 
ellipses, 
scatter plots, 
and CeACs 
appropriate 
for visually 
representing 
uncertainty 

United States13 Drug technologies to improve 
the “scope, 
quality, and 
relevance” 
of economic 
evaluations 
provided to 
the health-
care system 
evaluators and 
formulary de-
cision makers

transfor-
mation of 
efficacy esti-
mates into ef-
fectiveness is 
encouraged 
by incorporat-
ing estimates 
of real-world 
factors (eg, 
adherence, 
comorbidities)

opportu-
nity costs 
relevant to 
decision 
maker

Not 
described

one-way 
deterministic 
analysis of all 
variables  
 
Scenario 
analysis, net 
benefit, proba-
bilistic analysis, 
and CeACs 
recommended

one-way sen-
sitivity analysis 
results should 
be presented 
in a figure 
(eg, tornado 
diagram)  
 
CeAC recom-
mended if prob-
abilistic analysis 
conducted

CeAC indicates cost-effectiveness acceptability curve; hRQoL, health-related quality of life; NhS, National health Services; NICe, National Institute for 
health and Clinical excellence.
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Moreover, VOI relates the decision uncertainty of the model 
or specific parameters to the cost of conducting additional re-
search to decrease that uncertainty16 and therefore provides 
information to support decision making. 

ReSULtS 
Search Results 

The updated MEDLINE and EMBASE searches returned an 
additional 385 citations to the 958 citations previously identi-
fied. Duplicate citations accounted for 224 of the total, which 
left 1119 for review. Abstract review resulted in the exclusion 
of an additional 694 citations. A total of 15 studies remained 
after application of the inclusion criteria during full citation 
review. The Figure summarizes the study identification and 
selection process. The 2006 National Institute for Health and 
Clinical Excellence (NICE) report on the use of trastuzumab 
in early-stage breast cancer was included with the additional 
extraction of data from the related manufacturer’s submission, 
which was available from the NICE Web site.17 Several confer-
ence abstracts were identified but not included in the review 
because complete peer-reviewed articles were not available.18-24 

A brief synopsis of economic evaluation methods, settings, 
and findings of the reviewed articles is presented in 2009 US 

dollars in Table 2. Overall, trastuzumab therapy was associ-
ated with an ICER deemed cost-effective in early-stage breast 
cancer by the majority study authors.10 Additional studies 
identified in this updated review are generally consistent with 
that finding. However, Skedgel et al27 noted that the cost-ef-
fectiveness of adjuvant trastuzumab in Canada could exceed 
the widely cited $50,000 per quality-adjusted life-year and 
$100,000 per quality-adjusted life-year thresholds and that 
this finding was largely dependent on the assumed duration 
of trastuzumab benefit. Indeed, 10 of 15 studies in the United 
States and international settings noted sensitivity to the as-
sumed duration of trastuzumab benefit (typically 5 years) or 
the relative risk reduction associated with therapy. This sug-
gests that follow-up on the long-term benefits of trastuzumab 
and the relative benefit of 52-week therapy compared with 
9-week therapy will be crucial to understanding its cost-ef-
fectiveness in the adjuvant setting. Most authors did not con-
sider local willingness-to-pay thresholds when concluding the 
cost-effectiveness of trastuzumab. The choice of testing strate-
gy significantly impacted that ICER when test properties were 
modeled in conjunction with treatment. Some analyses sug-
gested that a 9-week trastuzumab regimen28 could result in po-
tential cost savings compared with 52-week therapy29 but that 
additional long-term data were needed. The results of several 
studies were sensitive to the cost of trastuzumab therapy. 

Relevance to the Decision Maker’s Setting 
Table 3 lists the data sources reported among analyses 

of trastuzumab. Cost data were locally derived in all stud-
ies. Costing methods often reflected trial protocols or other 
published cost studies, although 2 authors used microcosting 
to reflect local practice patterns.42,48 All remaining parameter 
categories were rarely informed by locally derived sources. 
Measures of treatment efficacy and utility estimates were 
sourced from the literature in all reports. Two authors used at 
least some utilities derived from local studies.42,48 

Quantification of Decision Uncertainty  
and Decision Aids 

Univariate analysis of deterministic parameters was con-
ducted in the majority of the adjuvant trastuzumab studies. 
Despite the widespread guideline support for probabilistic sen-
sitivity analysis, this technique was used in 10 of 15 studies, 
particularly in more recent publications. Additionally, multi-
variate or scenario analyses were conducted in 6 studies, and 
2 studies used univariate analysis exclusively.34,42 CEACs were 
presented in 8 of 10 studies that used probabilistic analysis. 
Beyond the CEAC, the tornado diagram43 and the scatter-
plot30,47 were the only other decision aids provided. No trends 
were noted with respect to international settings and sensitiv-

n	 Figure. The Flow of Studies Through the Review 
Process to Identify Health Economic Evaluations of  
Adjuvant Trastuzumab in Early-Stage Breast Cancer

Reviewed in full
(n = 88)

Included in review
(n = 14)

Duplicate records
(n = 224)

Excluded at title and abstract review
(not economic evaluations, trastuzumab 
use in metastatic disease or outside of 
BC setting, or research was not original;

n = 1,031)

Excluded after detailed review
(n = 74)

Peer-reviewed records identified using economic, 
HER2 diagnosis, and trastuzumab therapy filters

(n = 1,343)

BC indicates breast cancer.



VOL. 17, Special Issue n THE AMERICAN JOURNAL OF MANAGED CARE n	 SP65

Economic Evaluations of Targeted Therapy

ity analysis conduct. A summary of uncertainty analysis meth-
ods is provided in Table 4. 

DISCUSSIoN 
Our findings point to several avenues along which eco-

nomic analyses of trastuzumab-targeted therapy can be im-
proved for decision-making purposes. We noted that local 
data were rarely incorporated to inform parameters beyond 
the cost category, thus limiting outcome relevance to the de-
cision maker. Although the inclusion of local costs was unani-
mous in this review, most authors derived resource use from 
clinical trial protocols or other published cost analyses. We 
are unable to comment on the treatment modalities with local 
practice patterns, given that many authors failed to comment 
on the similarity of the comparator treatment option to local 
standard care. Other parameters, such as treatment efficacy, 

present important challenges in terms of availability of local 
data and relevance, which often necessitate the use of preex-
isting trial data for economic evaluations. 

However, as Phillips et al50,51 point out, there are important 
and unanswered questions about the use of targeted therapies in 
the real world. Which patients get tested and treated? How ac-
curate is HER2 testing in the clinical setting? What testing and 
treatment approaches are used to direct targeted HER2 therapy 
in actual clinical practice? These questions cannot be answered 
with hypothetical cohort simulations informed primarily by 
data from trials or early-stage applications. We recognize that 
not all economic analyses can be informed by local or prag-
matic trial data, but the establishment of the Coverage With 
Evidence Development framework by the Centers for Medicare 
and Medicaid Services and the recent National Institutes of 
Health push for comparative effectiveness research52 attest to 
the growing need for this type of evidence in decision making.53 

n	 Table 2. Updated Summary of Findings From a Previous Review of Adjuvant Trastuzumab Therapy Economic 
Analyses 

Analysis Feature Updated Summary of Review Findings for Adjuvant Therapy (n = 15) 

Perspectivesa Payer (n = 12) 
Societal (n = 2) 
Partial societal (n = 2)

International settingsa,b Australia, Belgium (n = 2), Canada, China, Finland, Italy, Japan, the  
Netherlands, Norway, Sweden, Switzerland, United Kingdom,  
United States (n = 3) 

Methods Analytic approach: cost-effectiveness (n = 3), cost-utility (n = 12) 
Model type: Markov model (n = 12), mixed model (n = 1), unknown (n = 2) 
Simulation type: hypothetical cohort (n = 15)

Time horizonsa 2 to 5 years (n = 1) 
6 to 15 years (n = 3) 
16 to 51 years (n = 8) 
Lifetime (n = 7) 

Results (ICER against comparator)c ICeR estimates varied widely for 52-week therapy ranging from $7902/
QALY in Beijing (lifetime) to $126,580/QALY in Canada (lifetime) and from 
$24,822/LYS in Japan (lifetime) to $57,544/LYS in Belgium (lifetime) 

Most influential parameters Drug cost (n = 10) 
Discount rate (n = 8) 
Duration of survival benefit (n = 8) 
trastuzumab relative risk reduction (n = 6) 
test sensitivity/specificity (n = 2)

Concluding remarks trastuzumab was largely considered cost-effective in the adjuvant setting 
with 9-week therapy demonstrating lower ICeRs than 52-week treatment; 
hesitation was expressed over the quality of the evidence for 9-week 
therapy vs 52-week 
the choice of testing strategy can significantly impact trastuzumab  
cost-effectiveness 
Drug price and the duration of trastuzumab benefit were seen as key 
sources of variation in ICeR estimates

Data adapted.10 
ICeR indicates incremental cost-effectiveness ratio; LYS, life-year saved; QALY, quality-adjusted life-year.  
aDoes not add up to 15 because some authors considered more than 1 international setting, perspective, or time horizon.  
bn = 1 unless otherwise noted.  
cAll currencies converted to 2009 US$ by using annual average exchange rates25 and the medical component of the US consumer price index.26
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Our work demonstrates that analyses of targeted therapy 
generally fall short of ensuring relevance through the use of 
local data. Locally derived, pragmatic evidence requires both 
the infrastructure and the time to collect long-term follow-
up in the early-stage breast cancer setting given the signifi-
cant improvement in mortality experienced as a result of 
early detection and adjuvant therapy.54 However, Poncet et 
al55 provide an example of how to use local, pragmatic evi-
dence to inform health economic analyses in the metastatic 
setting. The difficulty in obtaining local clinical evidence is 
not exclusive to targeted therapy, but the importance of local 
relevance is heightened because of variability in real-world 
test performance and the high cost of many (biologic) tar-
geted therapies. For example, a Canadian analysis of testing 

strategies56 suggests that variation in national testing practice 
significantly impacted cost-effectiveness estimates. 

Quantification of decision uncertainty and presentation 
of decision aids also fell short of supporting informed deci-
sion making. Exclusive use of univariate analysis is no longer 
sufficient for assessing parameter uncertainty57 given that the 
ICER is affected by the shared uncertainty in multiple model 
inputs. Probabilistic sensitivity analysis is accepted as a much 
more powerful tool for addressing this. Such information is 
crucial to decision makers, who must make decisions for high-
ly variable populations (eg, according to age or comorbidity) 
or for treatment settings that may differ from the studies used 
to inform the evaluation. Decision aids were provided in two-
thirds of adjuvant trastuzumab evaluations; Blank et al30 pro-

n	 Table 3. Relevance of the HER2 Testing or Trastuzumab Treatment Economic Evaluation to the Decision Maker’s 
Setting 

Source of Data 

  
Author

Test  
Accuracy

Trastuzumab Efficacy,  
Risk of Recurrence, or Survival

 
Cost

Utility  
Estimates 

Blank30 Literature31,32 Literature29 Local unit costs and 
literature

Literature; Swedish estimates 

Chen33 Not modeled Literature29 Local unit costs Literature; United Kingdom 
estimates 

Dedes34 Not modeled Literature18,28,29 Local unit costs Not modeled 

essers35 Not modeled Literature29 Local unit costs but on the 
basis of United Kingdom 
resource use

Literature; Swedish estimates 

Garrison36 Not modeled Literature37 Local unit costs and 
literature

Literature 

Kurian38 Not modeled Literature37 Local unit costs and 
literature

Literature 

Liberato39 Not modeled Literature21,37 Local unit costs for 2 
countries

Literature 

Lidgren48 Literature40 Literature19 Local unit costs; future 
costs from literature

Literature; studies conducted 
locally 

Millar41 Not modeled Literature42,37 Local unit costs Literature 

Neyt43 Not modeled Literature28,29 Local unit costs and 
literature

Not modeled 

NICe44 Not modeled Literature29 Manufacturer study 
and data obtained from 
Abacus

Manufacturer study and 
literature 

Norum42 Not modeled Literature37 Local unit costs Literature; some utilities 
derived locally 

Shiroiwa45 Not modeled Literature46 Local unit costs Not modeled 

Skedgel27 Not modeled Literature29,46 Local cost studies at 
cancer unit

Literature 

Van Vlaenderen47 Not modeled Literature29; underlying  
progression rates from  
Belgian registry

Local unit costs and 
literature

Literature; largely US 
estimates

Data sources were extracted and reviewed for relevance by evaluating whether the source was locally derived from the decision maker’s setting.  
heR2 indicates human epidermal growth factor receptor 2; NICe, National Institute for health and Clinical excellence.
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n	 Table 4. Quantification of Representation of Decision Uncertainty in Published Economic Evaluations of HER2 Testing 
and Trastuzumab Targeted Therapy 

 
 
 
Author

Model  
Parameter 

 (deterministic 
vs stochastic)

 
 

Scenario  
Analyses

 
Univariate  

Sensitivity Analysis 
(variables)

Multivariate 
Sensitivity  
Analysis 

(variables)

Probabilistic 
Sensitivity  
Analysis 

(variables)

 
 

Decision Aids 
Provided? 

Blank30 Deterministic  
and stochastic

None trastuzumab price, heR2 
test costs, local/regional and 
metastatic costs (all ± 30%); 
discount rate (0, 6%); heR2 
prevalence (15, 25%)

None All tornado 
diagram, scat-
terplot on cost-
effectiveness 
plane, CeAC 

Chen33 Deterministic None MBC, local/regional recur-
rence Y1 costs, and trastu-
zumab costs (± 20%) 
 
Probability of progression to 
MBC, local/regional recur-
rence (+50%)  
 
Discount rate for life-years 
(3%), costs (0%, 5%)

None None CeAC (unclear 
how CeAC was 
produced with-
out stochastic 
parameters) 

Dedes34 Deterministic All conducted with 
heRA data only  
 
Clinical benefit of 
trastuzumab limited to 
3 years 

20% rate of trastuzum-
ab retreatment in MBC  
 
80% rate of trastuzum-
ab retreatment in MBC  
 
trastuzumab adminis-
tered in centers saving 
redundant drug 
discount rate, 3%

heRA29 data: trastuzumab 
price, cost of MBC and local/
regional recurrence, efficacy 
of trastuzumab (all ± 10%,  
± 20%, ± 30%); discount 
rate  
 
Finher28 data: risk of recur-
rence and MBC  
(5% and 95% CI)

None None No 

essers35 Deterministic  
and stochastic

             None Unclear, but univariate 
analyses conducted; model 
sensitive only to use of 
trastuzumab at MBC 
recurrence

None Yes, although 
stochastic 
variables were 
unclear

CeAC 

Garrison49 Deterministic Payer perspective  
Societal perspective

Discount rate, trastuzumab, 
death and heR2 and cardiac 
diagnostic costs, recurrence 
rates, utilities, cost of 
cardiac toxicity, recurrence-
associated mortality

All varied to 
upper or lower 
bound

None No 

Kurian38 Stochastic             None Discount rate, trastuzumab, 
MBC, and cardiac toxicity 
costs; survival; cardiac 
toxicity recovery; utility of 
trastuzumab and cardiac 
toxicity; cardiac toxicity– 
associated mortality

None All No 

Liberato39 Deterministic  
and stochastic

Assumed characteris-
tics of heRA trial29 

None Conducted as 
scenario

All CeAC 

Lidgren48 Deterministic  
and stochastic

            None Costs of trastuzumab, recur-
rence and Aes, recurrence 
risks, mortality, and trastu-
zumab efficacy all varied ± 
30%; future costs, duration 
of trastuzumab effect, heR2 
prevalence also varied

IhC test 
sensitivity and 
specificity

All CeAC 

(Continued)
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vide an excellent example of the use of scatterplot, tornado, 
CEAC, and diagrams to represent decision uncertainty graph-
ically. These graphic presentations of base case or sensitivity 
analysis results are promoted as a tool to communicate aspects 
of structural, parameter, or assumption-based sensitivity to the 
reader in a nontechnical manner. This makes the interpreta-
tion of the ICER and its variability more accessible to decision 
makers such as plan managers, who may not have technical 
expertise in economic evaluation. The use of graphic decision 
aids was unanimously supported by Canadian, United King-
dom, and US economic evaluation guidelines and is, in fact, 

promoted by several other jurisdictions.58-60 CEACs are also a 
natural extension of probabilistic sensitivity analysis; it was 
therefore surprising to observe that CEACs were not provided 
in all studies conducting probabilistic analysis. Conversely, 
VOI is much more complex to conduct, and the absence of 
this decision aid was expected. 

We recognize that there are some limitations to this review. 
Several methodologic aspects of cost-effectiveness analysis are 
challenging to incorporate in publications given current word 
limits. For example, model calibration was rarely reported in 
review of cancer simulation models, despite the importance 

n	 Table 4. Quantification of Representation of Decision Uncertainty in Published Economic Evaluations of HER2 Testing 
and Trastuzumab Targeted Therapy (Continued) 

 
 
 
Author

Model  
Parameter 

 (deterministic 
vs stochastic)

 
 

Scenario  
Analyses

 
Univariate  

Sensitivity Analysis 
(variables)

Multivariate 
Sensitivity  
Analysis 

(variables)

Probabilistic 
Sensitivity  
Analysis 

(variables)

 
 

Decision Aids 
Provided? 

Millar41 Deterministic Age 50 years given 
52-week trastuzumab 
across 95% CI  
 
Age 70 years given 
52-week trastuzumab 
across 95% CI

Discount rate, age at diag-
nosis, cost of treating MBC, 
relapse, other diseases and 
cardiac toxicity, duration 
of trastuzumab effect, risk 
of distant recurrence after 
52-week trastuzumab across 
95% CI bounds, risk of dis-
tant recurrence after 9-week 
trastuzumab across 95% CI 
bounds

Conducted 
within 
scenarios

None No 

Neyt43 Stochastic Subgroup analyses  
according to age group, 
stage, and discount rate

None Conducted as 
scenario

All but heR2 
test, admin-
istration, and 
follow-up 
costs

tornado  
diagram 

NICe44 Deterministic 
and stochastic

None Utilities, discount rate, 
trastuzumab efficacy, costs, 
recurrence, and progression 
rates

None All CeAC 

Norum42 Deterministic None All parameters ± 25%; 
discount rate

None None No 

Shiroiwa45 Stochastic None Discount rate, recurrence 
rate, Pe costs, palliative care 
costs

None All CeAC 

Skedgel27 Stochastic Assumed 3-year  
trastuzumab  
benefit  
 
Assumed 5-year  
trastuzumab  
benefit

Discount rate, cost of pal-
liative treatment; threshold 
analyses to determine 
what parameters could 
produce ICeR estimate 
below CA$50,000/QALY 
and CA$100,000/QALY 
thresholds

None All CeAC 

Van 
Vlaenderen47 

Stochastic None None None All Scatterplot  
with willing-
ness-to-pay 
threshold

Methods of sensitivity analysis, parameters analyzed, and decision aids, if any, were abstracted.  
Aes indicates adverse events; CeAC, cost-effectiveness acceptability curve; CI, confidence interval; Finher, Finland herceptin; heR2, human epidermal growth 
factor receptor 2; heRA, herceptin Adjuvant; ICeR, incremental cost-effectiveness ratio; IhC, immunohistochemistry; MBC, metastatic breast cancer; NICe, 
National Institute for health and Clinical excellence; QALY, quality-adjusted life-year.
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of this method in ensuring that a model accurately predicts 
outcomes for the population of interest.61 Calibration was also 
recommended by Canadian economic evaluation guidelines 
as a method of ensuring relevance to the decision maker.11 We 
encourage authors and journals to provide this information 
via online support materials whenever possible. 

The exclusive assessment of trastuzumab as a targeted 
therapy in this review may limit the generalizability of our 
findings. We believe that the trends observed herein are not 
restricted to trastuzumab and that many relate directly to eco-
nomic evaluations of other targeted therapies, particularly 
those with prerequisite diagnostic tests. We also acknowledge 
that some of the citations included in this review may not be 
intended to inform specific local decisions. Indeed, hypotheti-
cal cohort evaluations are designed to predict outcomes in a 
theoretical population. Conversely, readers of the scientific 
literature, including physicians and formulary managers, re-
quire a more realistic understanding of the potential impacts 
of treatment or funding decisions. Many review agencies, such 
as the Canadian Association for Drugs and Technologies in 
Health and NICE, require a systematic review of economic 
evaluations within drug reimbursement submissions. This 
suggests that hypothetical cohort evaluations do factor into 
reimbursement decisions. 

Additionally, the use of Academy of Managed Care Phar-
macy (United States), the Canadian Association for Drugs 
and Technologies in Health (Canada), and NICE (United 
Kingdom) guidelines as benchmarks for economic evaluation 
methods is not validated. However, the recommendations 
included in this review for data sources and decision uncer-
tainty are consistent with Danish,58 French,59 and German60 
guidelines and the final recommendations of the Internation-
al Society for Pharmacoeconomics and Outcomes Research 
Real World Data49 and Good Research Practices-Modeling 
Studies62 task forces. The Canadian, United Kingdom, and 
US guidelines were applied to strike a balance between cur-
rent methods and highly regarded guidelines in the absence of 
empirically validated economic evaluation methods for deci-
sion support. 

Our findings suggest that economic evaluations of targeted 
therapy can be improved to support high-quality, informed 
decision making. Although real-world effectiveness estimates 
are often unavailable or difficult to generate, several other 
steps can be taken to ensure relevance to the decision maker’s 
setting, including the incorporation of local utilization pat-
terns to improve costing and behavioral assumptions. Quan-
tification and representation of decision uncertainty can also 
be improved through the regular conducting of probabilistic 
sensitivity analysis, the provision of decision aids, and the 
practical application of VOI methods. 
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