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ABSTRACT

Background. Among women with surgically removed,
high-risk HER-2/neu-positive breast cancer, trastuzumab
has demonstrated significant improvements in disease-free
and overall survival. The objective of this study is to eval-
uate the cost-effectiveness of the currently recommended
12-month adjuvant protocol of trastuzumab using a
Markov modeling approach and real-world cost data.

Methods. A 10-health-state Markov model tracked pa-
tients’ quarterly transitions between health states in the local
and advanced states of breast cancer. Clinical data were ob-
tained from the joint analysis of the National Surgical Adju-
vant Breast and Bowel Project and North Central Cancer
Treatment Group, as well as from the metastatic study con-
ducted by Norum et al. Clinical outcomes were adjusted for
quality of life using utility estimates published in a systematic

review. Real cost data were obtained from the British Colum-
bia Cancer Agency and were evaluated from a payer perspec-
tive. Costs and utilities were discounted at 5% per year,
respectively, for a 28-year time horizon.

Results. In the base case analysis, treatment with a 12-
month adjuvant trastuzumab regimen resulted in a gain of
1.38 quality-adjusted life years or 1.17 life years gained at a
cost of $18,133 per patient. Thus, the cost per QALY
gained for the base case is $13,095. Cost per LYG is
$15,492.

Conclusions. Over the long term, treatment of HER-2/
neu mutation positive breast cancer with a 12-month pro-
tocol of trastuzumab in the adjuvant setting is predicted to
be cost-effective in a Canadian context. The Oncologist 2012;
17:164–171

INTRODUCTION
HER-2/neu proto-oncogene amplification is found in 20%–
30% of breast cancers and is associated with reduced disease-
free and overall survival [1]. Trastuzumab (Herceptin;
Genentech, San Francisco), given in combination with chemo-
therapy, lengthens median survival time by 5– 8 months
among HER-2/neu-positive metastatic disease patients [2–4].

Given during or following adjuvant anthracycline-based che-
motherapy, trastuzumab also confers longer disease-free and
overall survival in early HER-2/neu-positive breast cancer pa-
tients than chemotherapy alone [2, 5, 6]. Analysis by the Na-
tional Surgical Adjuvant Breast and Bowel Project (NSABP)
and the North Central Cancer Treatment Group (NCCTG)
demonstrated that the addition of trastuzumab to standard ad-
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juvant chemotherapy regimens resulted in a 52% relative re-
duction in the risk of recurrence (p � .0001) and a 33% relative
increase in overall survival (p � .015) in patients with early
and operable HER-2/neu-positive breast cancer [6].

Cardiac dysfunction can be associated with the use of tras-
tuzumab, necessitating the use of cardiac monitoring prior to
treatment initiation and at 3-month intervals during therapy. In
the NSABP/NCCTG analysis, the incidence of New York
Heart Association class III or IV congestive heart failure or
death from cardiac causes was higher in the trastuzumab arm at
a 4.1% incidence rate than the standard chemotherapy-only
arms at a 0.8% incidence rate [6].

The use of trastuzumab in the adjuvant setting was ap-
proved by the British Columbia Cancer Agency (BCCA) in
July 2005. Since that time, trastuzumab has represented ap-
proximately 15% of BCCA’s $100 million drug budget. Al-
though there is increasing evidence of a substantial clinical
benefit of trastuzumab in the adjuvant setting, the high cost of
this therapy necessitates an analysis of its cost-effectiveness.
To date, no published studies have assessed the cost-effective-
ness of this drug from a Canadian perspective, or using real-
world data, nor have they accounted for patients who may
receive trastuzumab in both the adjuvant and metastatic set-

tings [7–9]. The aim of this study was to develop a Markov
model to estimate the incremental cost-effectiveness of adju-
vant trastuzumab for operable, HER-2/neu-positive early
breast cancer, accounting for the differences in costs and health
outcomes associated with trastuzumab and standard of care
treatments in the adjuvant and metastatic settings.

MATERIALS AND METHODS
With use of R-Graphical User Interface (R-Gui), a decision-
analysis model for HER-2/neu-positive breast cancers was de-
veloped to evaluate the cost-effectiveness of a 12-month
adjuvant trastuzumab protocol (presented in Figure 1) com-
pared with that of standard chemotherapy. Selected model pa-
rameters are presented in Table 1 and complete data in the
Supplemental Online Appendix. The model used a Markov
transition process with 10 health states, was created with a
3-month cycle length, and was run on a 28-year time horizon.
Costs and quality-of-life values assigned to each state were de-
rived from pre-existing literature and BCCA databases. Re-
sults are presented as incremental cost-effectiveness ratios
(ICERs) in cost per quality-adjusted life year (QALY) gained
and cost per life year gained (LYG). (The term LYG refers to
the cost of prolonging a patient’s life for a single year, attrib-
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Abbreviation: CHF, congestive heart failure.
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Table 1. Key model parameters
Selected base case transition probabilities

Transition

Time
(months)

Value

SourceFrom state To state
Adjuvant trastuzumab
(per 3-month period)

No adjuvant trastuzumab
(per 3-month period)

Postsurgical, receiving
adjuvant trastuzumab

Nonprogressive metastatic,
no trastuzumab

0–12 0.0043 N.A. �11�

13–24 0.0000

25–54 0.0024

Postsurgical chemotherapy, no
trastuzumab

Nonprogressive metastatic,
no trastuzumab

0–6 0.0085 0.0004 �11�

7–9 0.0000 0.0000

10–54 0.0237 0.0027

Postsurgical chemotherapy,
no trastuzumab

Nonprogressive metastatic,
on trastuzumab

0–6 N.A. 0.0081 �11�

7–9 0.0000

10–54 0.0537

Relapse-free survival Local relapse 0–9 0.0000 0.0000 �10�

7–54 0.0024 0.0062

Relapse-free survival Nonprogressive metastatic,
no trastuzumab

0–6 0.0000 0.0000 �10�

7–12 0.0189 0.0009

13–36 0.0079 0.0009

37–54 0.0004 0.0009

Relapse-free survival Nonprogressive metastatic,
on trastuzumab

0–6 0.0000 0.0000

7–24 0.0000 0.0179

25–36 0.0075 0.0179

37–54 0.0075 0.0179

Nonprogressive metastatic,
on trastuzumab

Progressive metastatic,
previous metastatic
trastuzumab

0–54 0.1708 0.1708 �3�

Nonprogressive metastatic,
no trastuzumab

Progressive metastatic, no
previous metastatic
trastuzumab

0–54 0.2889 0.2889 �3�

Progressive metastatic, previous
metastatic trastuzumab

Dead, from metastatic
disease

0–54 0.1011 0.1011 �3�

Progressive metastatic, no previous
metastatic trastuzumab

Dead, from metastatic
disease

0–54 0.1178 0.1178 �3�

Selected costs

Item Cost Description and source

Adjuvant trastuzumab protocol $13,093 per 3-month period Calculated from BCCA pharmacy cost per dose and trimonthly utilization

Alternative adjuvant chemotherapy $1,027 per 3-month period Calculated from BCCA pharmacy cost per dose and trimonthly utilization

Metastatic trastuzumab protocol $12,410 per 3-month period Calculated from BCCA pharmacy cost per dose and trimonthly utilization

Metastatic alternative chemotherapy $1,652 per 3-month period Calculated from BCCA pharmacy cost per dose and trimonthly utilization

Asymptomatic cardiac dysfunction $587 per patient �13�, adjusted for inflation and applied to 14% of patients receiving trastuzumab �10�

Symptomatic cardiac dysfunction $1,823 per patient �13�, adjusted for inflation

Selected utility values

State Adjusted utility Original source(s)

Postsurgical with adjuvant treatment, with or without trastuzumab 0.97 (0.94–0.99) �20–22�

Adjuvant symptomatic cardiac complications 0.64 �15�

Relapse-free survival 0.99 (0.98–1.00) �23, 22, 20�

Local relapse 0.75 (0.56–0.94) �21�

Nonprogressive metastatic disease with or without trastuzumab 0.65 (0.50–0.80) �24, 16, 25�

Metastatic symptomatic cardiac complications 0.29 (0.16–0.41) �16, 24, 25, 20�

Progressive metastatic disease 0.29 (0.16–0.41) �16, 24, 25, 20�
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utable to a particular intervention. QALYs gained can then be
computed as the duration of survival multiplied by a utility
weight that represents the quality of health experienced during
that time period.) The model is notably more complex than
those previously published, to account for the possibility of the
use of trastuzumab in both the adjuvant and metastatic settings
[7–9].

The model was applied to a hypothetical patient population
similar to those used in recently published phase III clinical tri-
als [5, 6]: one thousand 50-year-old women with early HER-
2/neu-positive breast cancer, who had successfully completed
a surgical resection of disease. Patients entered the model in
the postsurgical with trastuzumab or postsurgical without
trastuzumab states, depending on the presence or absence of
pre-existing low left ventricular ejection fraction (LVEF)
(95% and 5%, respectively, based on expert opinion), which
would preclude the use of trastuzumab.

Patients could incur a local or metastatic relapse while still
receiving treatment or following treatment completion. Con-
forming to BCCA policy, patients who suffered any relapse be-
fore 1 year following the completion of adjuvant trastuzumab
would be ineligible to receive the drug a second time, either in
the adjuvant or metastatic setting. Patients who incur a distant
relapse are funneled to either a trastuzumab-based or standard
chemotherapy-treated, nonprogressive metastatic disease
state. Patients who experience a local relapse and are treated
with adjuvant trastuzumab a second time are considered inel-
igible for metastatic trastuzumab.

From a nonprogressive metastatic disease state, patients
could experience symptomatic cardiac complications, or could
move to a state of progressive disease, eventually leading to
death. All patients who experience symptomatic cardiac com-
plications from a nonprogressive metastatic state will have
trastuzumab-based therapy halted, and will resume standard
chemotherapy, as per trial protocols.

Clinical Data
Data collected from the clinical trials on the use of trastuzumab
in both the adjuvant and metastatic settings were used to derive
transition probabilities (Table 1, and Supplemental Online Ap-
pendix, Table 1A) [6, 10]. The rate of reappearance of local
disease was 25% of the rate of reappearance of metastatic dis-
ease in the usual care arm, and 23% of the rate of reappearance
of metastatic disease in the adjuvant trastuzumab arm [6]. The
transition from local to metastatic relapse was three times the
rate of reappearance of metastatic disease, reflecting a higher
risk of the development of metastases in patients who have al-
ready suffered a local recurrence [11].

Estimates of progression-free and overall survival in the
metastatic setting (maximum follow-up, 5 years) were derived
from a phase II trial assessing the efficacy and safety of com-
bined trastuzumab and docetaxel therapy in HER-2/neu-posi-
tive metastatic breast cancer [3]. Long-term outcomes for the
usual care model arm were obtained from a 30-year survival
analysis of women who were treated with adjuvant cyclophos-
phamide, methotrexate, and fluorouracil [12]. However, long-
term outcomes for women who received adjuvant trastuzumab

therapy are not yet available. A range of hazard ratios—from
no improvement post-5-year survival to 50% improvement
post-5-year survival in the trastuzumab group relative to the
non-trastuzumab group—were examined to account for uncer-
tainty in this area. The base case assumed no benefit from tras-
tuzumab post-5-year survival. National mortality rates for
females, adjusted for patient age, were used for all Markov
states.

Costs
The costs associated with trastuzumab-based treatment of
breast cancer were estimated from the perspective of the health
system (Table 1, and Supplemental Online Appendix, Table
2A). Chemotherapy and radiotherapy costs were based on real-
word utilization data: cost per unit of treatment (which has
been negotiated with various pharmaceutical companies) is
multiplied to account for the number of units per patient, over
their complete treatment duration. Costs for diagnostics, inpa-
tient services, and treatment of cardiac dysfunction were based
on previously published literature [13, 18]. For the adjuvant
arms, quarterly chemotherapy costs were calculated using uti-
lization data from women receiving adjuvant treatment for
stage I–III breast cancer in British Columbia from 2002 to
2003. The additional average quarterly cost associated with the
use of trastuzumab was calculated using BCCA pharmacy data
from a random sample of women who were treated with the
drug between 2005 and 2006 (N � 350). The same sample of
women was used to calculate radiotherapy cost. Seventy-one
percent of women underwent radiotherapy in the adjuvant set-
ting, at a cost of $5,291.56 per protocol, which accounts for
dropouts.

The costs of hormone treatment were determined using the
same 2002–2003 sample as for the chemotherapy costs, and
were included in the relapse-free survival states in both model
arms. These costs were adjusted for the proportion of patients
expected to be receiving therapy at any given point in fol-
low-up time.

Costs associated with detection and treatment of cardiac
complications were estimated from data from the BC Linked
Health Database and the New York Heart Association [13];
these are attributed as one-time costs.

The average quarterly cost of chemotherapy for women
with metastatic disease was calculated using BCCA Pharmacy
Data. Records used included women on metastatic chemother-
apy protocols between 2003 and 2007. Protocols that did not
include trastuzumab were used to calculate an average cost for
non-trastuzumab-based chemotherapy treatment. The cost of
trastuzumab was calculated separately, consistent with the
methods used in the adjuvant model. Radiotherapy cost was
generated via expert opinion, and was included for one third of
women in each model arm in both the nonprogressive and pro-
gressive disease states, accounting for the proportion of
women who would be expected to receive the therapy (and ac-
counting for dropouts and continuations). Costs were adjusted
for inflation.
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Quality of Life
Utilities for each Markov state were derived from a systematic re-
view of health utilities in cancer [14] (Table 1, and Supplemental
Online Appendix, Table 3A). Utility values—a value between 0
and 1 that indicates values a health state relative to full health—
were converted to standard gamble equivalents where necessary
[14], and were discounted at a rate of 1.25% per Markov cycle
(5% per year).

The utility value associated with symptomatic cardiac com-
plications occurring during adjuvant therapy was obtained from a
New York Heart Association study [15]. There are no data avail-
able on the utilities associated with cardiac complications com-
bined with the effects of metastatic disease. In line with
previously published cost-effectiveness studies [8], it was as-
sumed that the appropriate value would fall into the range of pro-
gressive-terminal disease reported by Hutton et al. [16]. The range
of utility values associated with the local relapse states was cal-
culated as the average of the calculated scores of first (0.94), sec-
ond (0.80), and third recurrence, respectively (0.56).

Analyses
A Bayesian approach characterized by a Dirichlet distribution
was applied to all transition probabilities to generate a fully prob-
abilistic Markov transition matrix [17]. Gamma and beta distribu-
tions were applied to cost and utility parameters, respectively.
Probabilistic sensitivity analysis characterized by a second-order,
10,000-simulation Monte Carlo method was used on the transi-
tion matrix [27]. The rate of relapse post-5-year survival in the
trastuzumab arm was also modeled as a varying hazard ratio (HR)
relative to that of the standard chemotherapy arm. HRs of 1.0, 0.9,
0.8, 0.7, and 0.5 were tested, representing improvements in sur-
vival ranging from 0% to 50%.

Additional one-way sensitivity analyses were performed on
key parameters including the rate of relapse prior to 5-year sur-
vival in the trastuzumab group, and the cost of trastuzumab-based
chemotherapy in both the adjuvant and metastatic settings. Costs
were varied �1 SD, or according to the 95% confidence intervals
reported in the literature [18, 19].

RESULTS

Base Case
Treatment with a 12-month adjuvant trastuzumab regimen re-
sulted in a gain of 1.38 QALYs or 1.17 LYG at a cost of
$18,133 per patient. Thus, the cost per QALY gained for the
base case is $13,095. Cost per LYG is $15,492. Assuming no
further benefit of trastuzumab post-5-year survival, overall
survival improved from 45% in the no trastuzumab arm com-
pared with 54% in the trastuzumab arm (Figure 2) and disease-
free survival improved from 47% to 56%, respectively. Five-
year survival rates and survival projections from the Markov
model are in line with previously published clinical trial data
[5, 6].

Sensitivity Analyses
The cost per LYG and cost per QALY results from the four
long-term survival hazard scenarios are presented in Table 2
and survival curves are presented in Figure 2. Predictably, re-
ducing the HR for post-5-year survival improved the cost-
effectiveness profile for adjuvant trastuzumab (from $13,095
for a HR of 1.0 to $7,531 for a HR of 0.5).

Additional one- and two-way sensitivity analyses are pre-
sented in Table 3. (In one-way sensitivity analyses, one model
parameter is varied to demonstrate its impact on overall cost-
effectiveness. In two-way sensitivity analyses, two parameters
are varied simultaneously.) The model was sensitive to
changes in the discount rate for cost and outcomes; a 0% dis-
count rate improved the base-case ratio to $5,165 per QALY.
A 3% discount rate for both costs and outcomes, which is com-
monly utilized in cost-effectiveness studies done in the United
States, produced an ICER of $8,479.

The model was not particularly sensitive to changes in the
costs of adjuvant or metastatic trastuzumab, or to changes in
the risk of relapse before 5-year survival is reached. The costs
of adjuvant and metastatic trastuzumab—varied individually
or simultaneously by �1 SD—produced a range from
$11,936–$14,255 per QALY. Varying pre-5-year survival re-
lapse rates in the trastuzumab arm had a similarly limited im-
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Table 2. Hazard ratios and post-5-year survival

Hazard ratio Cost per LYG Cost per QALY

1.0 (base case) $15,492 $13,095

0.9 $14,038 $11,841

0.8 $12,668 $10,665

0.5 $8,995 $7,534

Abbreviations: LYG, life year gained; QALY, quality-
adjusted life year.
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pact on the ICER: a �25% relapse rate resulted in a $12,175–
$14,109 per QALY range. The model was also minimally
sensitive to trastuzumab-related cardiotoxicity.

Probabilistic sensitivity analyses (Figs. 3A, 3B) produced
an interquartile range of $10,900 –$32,030 per QALY. The
majority of the 10,000 Monte Carlo simulations resulted in
ICERs appearing in the upper right-hand quadrant of the cost-
effectiveness plane, indicating that treatment with adjuvant
trastuzumab resulted in an improvement in survival at an in-
creased cost. The limited vertical variation indicates limited
variability associated with the costs of treatment.

DISCUSSION
Trastuzumab has been approved for use in Canada as an adjuvant
therapy for early HER-2/neu-positive breast cancer and is cov-
ered under the umbrella of publicly funded services in all 10 Ca-
nadian provinces. However, to our knowledge this is the first
study to (a) assess the cost-effectiveness of trastuzumab from a
Canadian perspective, (b) examine cost-effectiveness in the “real
world” using postmarketing data, and (c) estimate the cost-effec-
tiveness of trastuzumab in both the adjuvant and metastatic breast
cancer settings. With use of local costing data combined with
probabilities derived from clinical trials and utility values from
quality of life studies, this study has assessed the cost per QALY
gained associated with a 12-month adjuvant trastuzumab protocol
using a Markov modeling approach.

The use of trastuzumab resulted in a 9% absolute improve-
ment in overall survival over the 28-year time horizon, for a
$18,133 increase in cost per patient. The cost-effectiveness ra-
tio for the model base case is $13,095 per QALY or $15,492
per LYG. Whether an additional survival benefit associated
with a 12-month protocol of adjuvant trastuzumab is conferred

after 5-year survival remains to be seen. To account for this
uncertainty, five HR scenarios ranging from no additional ben-
efit to a 50% improvement in survival were modeled, resulting
in an ICER range of $7,934–$13,095 per QALY. The small
difference in incremental cost-effectiveness between each HR
scenario suggests that the benefit accrued from trastuzumab in
the first 5 years has a much greater impact on cost-effective-
ness than benefits accrued in later years.

The model proved to be relatively robust, showing minimal
sensitivity to changes in rates of relapse and cardiotoxiciy, and
cost of therapy. The model was sensitive to one- and two-way
changes in discount rates for costs and outcomes.

A significant strength of this study was the use of real pa-
tient treatment utilization data to calculate the costs of trastu-
zumab, anthracycline-based chemotherapy, and radiation
therapies, accounting for both reductions in cost associated
with failure to complete a full treatment protocol and changes
in cost associated with changing therapies during treatment.

Potential limitations relate to the reliance on clinical trial data
to generate some model probabilities. Some of these data rely on
surrogate endpoints, such as progression- or disease-free survival
as measures of overall survival, which operate on the underlying
assumption that once disease progresses, survival time would not
be differential between the two study arms.

Our results demonstrate a lower cost-effectiveness ratio
than those published in earlier studies [8, 9]. For example, a
commonly cited study published in 2007 reported a cost-effec-
tiveness ratio of $18,970 (U.S. dollars) per QALY. There are
two main reasons for this difference. Our work uses survival
data from a more recent clinical trial in which participants had
a longer median survival than had been previously reported
[6]. In accordance with BCCA policy, our study assumes that

Table 3. One- and two-way sensitivity analyses on base case

Sensitivity variations Cost per QALY

Base case $13,095

28-year time horizon, with 3-month cycle length. No additional benefit from trastuzumab
post-5-year survival. Costs and outcomes discounted 5%. Five percent of patients assumed
ineligible for trastuzumab because of reduced LVEF

Discount rate for costs and outcomes

costs: 3%; outcomes: 3% $8,497

no discounting $5,165

Treatment costs

cost of adjuvant trastuzumab protocol �2 SD (�$1040.42 per cycle $10,444-$15,747

cost of metastatic trastuzumab protocol �2 SD (�$562.34 per cycle) $12,762–$13,429a

cost of adjuvant and metastatic trastuzumab �2 SD $10,777–$15,414

Cardiac dysfunction

0%–10% patients with pre-existing clinically significant reduced LVEF $14,471–$11,700

0% patients with symptomatic cardiac complications $14,105–$12,255

Relapse rates—trastuzumab arm, pre-5-year survival

rate of relapse in trastuzumab arm �25% $12,175–$14,109
aHigher value corresponds to reducing cost of metastatic trastuzumab by 2 SD.
Abbreviations: LVEF, left ventricular ejection fraction; LYG, life year gained; QALY, quality-adjusted life year.
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patients who are treated with trastuzumab in the adjuvant set-
ting are also eligible to receive the drug as first-line treatment
for a relapse, providing that relapse occurs later than 1 year fol-
lowing completion of initial treatment.

Additionally, the acquisition cost of trastuzumab, and in-
deed other chemotherapy drugs, is likely to be lower in Canada
as often Canadian purchasers negotiate discounts when con-
tracting with pharmaceutical companies. Indeed, this is a com-
mon practice in other countries as well [26]. It is difficult to
estimate what impact these discounts have on cost-effective-
ness since discounts and contracts are determined in confi-
dence. And since discounting frequently involves volumes, not
simply prices, even if the discounts were in the realm of the

public domain, the impact on cost-effectiveness would still be
difficult to interpret.

Over the long-term, treatment of HER-2/neu mutation pos-
itive breast cancer with a 12-month protocol of trastuzumab in
the adjuvant setting is predicted to be cost-effective in a Cana-
dian context. There is, however, no accepted cost per QALY
threshold in Canada, or in most developed nations. An exam-
ination of the Canadian Common Drug Review’s recommen-
dations for the funding of new drugs does demonstrate that
treatments whose cost-effectiveness ratio are around or under
$50,000 per QALY tend to be listed, whereas those signifi-
cantly above that figure tend not to be, regardless of the treat-
ment’s intended use [26]. Additional relevant factors, such as
comparative effectiveness (and uncertainty therein), budgetary
impact, ability to negotiate drug price, and others, also impact
the decision of whether or not to list a drug at the BCCA, or
other agencies [26].

CONCLUSIONS
Twelve-month adjuvant trastuzumab-based chemotherapy for
women with HER-2/neu mutation positive breast cancer ap-
pears to be cost-effective from a Canadian standpoint, suggest-
ing that continuing to make this treatment available in Canada
is warranted. However, the overall budgetary impact of a full
12-month course of trastuzumab is significant. At the time of
writing, there has been limited interest in examining a short-
ened 9-week regimen; however, a cost-effectiveness analysis
of this shortened protocol may be warranted. It would also be
worthwhile to revisit this work once more long-term survival
data become available.

SUPPLEMENTAL ONLINE APPENDIX
Complete model parameters can be found in Supplemental On-
line Tables A1, A2, and A3.
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Figure 3. (A): Cost-effectiveness acceptability curve; (B): Cost-
effectiveness plane.

Abbreviation: QALY, quality-adjusted life year.
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