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therapy regimen, with a cost-effectiveness ratio well 
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1.	 INTRODUCTION

The adoption of a chemotherapeutic regimen into 
oncologic practice is a function of both its clinical 
and its economic impacts on cancer management 1–4. 
Randomized clinical trials examine potential im-
provements in cancer-related endpoints such as 
disease-free survival (dfs) and overall survival (os), 
or toxicity differences between two equally effective 
therapies. From an economic perspective, the costs 
associated with the delivery of different regimens 
can vary considerably as a function of the systemic 
agents involved and the costs of toxicity management. 
Through cost-effectiveness or cost–utility analyses, 
those incremental costs should be considered in the 
context of the observed clinical benefits demon-
strated in clinical trials 1–3.

Anthracycline- and taxane-based regimens are 
the backbones of most adjuvant chemotherapy strate-
gies for breast cancer 5. The ac regimen (doxorubicin 
60 mg/m2 and cyclophosphamide 600 mg/m2 every 3 
weeks for 4 cycles) has been a standard chemotherapy 
option since 1975 6, and it has often been considered 
for those with low- to moderate-risk disease who could 
potentially benefit from adjuvant chemotherapy and 
for whom more intense regimens may not be appropri-
ate 5. The U.S. Oncology trial 9735 recently reported 
significant improvements in dfs and os favoring ad-
juvant tc (docetaxel 75 mg/m2 and cyclophosphamide 
600 mg/m2 every 3 weeks for 4 cycles) compared with 
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Purpose

The adoption of a chemotherapeutic regimen in 
oncologic practice is a function of both its clinical 
and its economic impacts on cancer management. 
For breast cancer, U.S. Oncology trial 9735 reported 
significant improvements in disease-free and overall 
survival favoring adjuvant tc (docetaxel 75 mg/m2 
and cyclophosphamide 600 mg/m2 every 3 weeks 
for 4 cycles) compared with ac (doxorubicin 60 mg/
m2 and cyclophosphamide 600  mg/m2 every 3 
weeks for 4 cycles). We carried out an economic 
evaluation to examine the cost–utility of adjuvant tc 
relative to ac, in terms of cost per quality-adjusted 
life year (qaly) gained, given the improved breast 
cancer outcomes and higher costs associated with 
the tc regimen.

Methods

A Markov model was developed to calculate the 
cumulative costs and qalys gained over a 10-year 
horizon for hypothetical cohorts of women with 
breast cancer treated with ac or with tc. Event rates, 
costs, and utilities were derived from the literature 
and local resources. Efficacy and adverse events 
were based on results reported from U.S. Oncol-
ogy trial 9735. The model takes a third-party direct 
payer perspective and reports its results in 2008 
Canadian dollars. Costs and benefits were both 
discounted at 3%.

Results

At a 10-year horizon, tc was associated with $3,960 
incremental costs and a 0.24 qaly gain compared 
with ac, for a favorable cost–utility of $16,753 per 
qaly gained. Results were robust to model assump-
tions and input parameters.
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ac for breast cancer 7,8. However, the tc regimen is 
more costly than ac because of the incremental costs 
of docetaxel (Taxotere: Sanofi–Aventis, Laval, QC). 
We therefore undertook an economic evaluation to 
examine the cost–utility of adjuvant chemotherapy 
with tc relative to ac in terms of cost per quality-
adjusted life year (qaly) gained.

2.	 METHODS

We developed a Markov model  9–11 to evaluate 
the cost–utility of tc relative to ac based on two 
hypothetical cohorts of 1000 women of median age 
51 years undergoing adjuvant chemotherapy for 
breast cancer. The model incorporated transition 
probabilities, costs, and utility values to estimate 
the cumulative costs and qalys associated with 
each chemotherapy strategy. The efficacy out-
comes were based on the reported results of U.S. 
Oncology trial 9735 7,8.

2.1	 U.S. Oncology Trial 9735

Between June 1997 and December 1999, Jones et 
al. 7,8 randomized 1016 patients with node-negative 
and -positive breast cancer to 4 cycles of adjuvant 
ac or tc administered every 3 weeks. The patients 
(median age: 51 years) in both treatment arms were 
well balanced with respect to major prognostic 
factors. Compared with ac, tc was associated 
with a statistically significant improvement in dfs 
at a median follow up of 5.5 years [86% vs. 80%; 
hazard ratio (hr): 0.67; 95% confidence interval 
(ci): 0.50 to 0.94; p = 0.015] and 7 years (81% vs. 
75%; hr = 0.74; 95% ci: 0.56 to 0.98; p = 0.033), 
and also improved os at the 7-year median follow 
up (87% vs. 82%; hr: 0.69; 95% ci: 0.50 to 0.97, 
p = 0.032). Both regimens were reasonably well 
tolerated. More febrile neutropenic (fn) episodes 
(5% vs. 2.5%, p = 0.07) and fewer grade 3 or 4 
chemotherapy-induced nausea and vomiting (cinv) 
episodes (8% vs. 3%, p value not reported) were 
associated with tc than with ac. A few treatment-
related deaths were observed in the ac arm, includ-
ing 1 case of congestive heart failure (chf) and 3 
cases of myelodysplasia (mds) or acute myeloid 
leukemia (aml).

2.2	 Markov Model

Our analysis took a Markov approach, defining a 
fixed number of possible health states 9–11 (Figure 1). 
Each health state was assigned a utility value 12–18 
and cost 14,19–22 (Table  i). All patients entered the 
model in the Chemotherapy state and transitioned 
to the Disease-Free state after completion of 
chemotherapy treatment. Patients could move to 
other states according to event rates derived from 
the literature  23–26,28–30 and the relevant study  7,8 

(Table ii). The costs (in Canadian dollars) and health 
consequences (in qalys) of occupying a particular 
health state were computed over a defined number 
of monthly cycles reflecting the analysis horizon 
examined. The overall cumulative costs and qalys 
associated with each chemotherapy strategy were 
examined to determine the incremental cost per 
qaly gained.

The Markov model was developed in MS Excel 
(Microsoft Corporation, Redmond, WA, U.S.A.). The 
model used primarily a deterministic approach rather 
than a probabilistic one to avoid the compounded 
uncertainty associated with simultaneously defining 
arbitrary ranges for many of the input parameters in 
the model that were not available in the literature; 
however, some probabilistic modeling was used in 
the sensitivity analyses 9–11.

2.3	 Event Rates

For the ac strategy, the baseline dfs rates used in the 
model were derived by combining two rates:

•	 the general mortality rate (death without recur-
rence) for women with a median age of 51 years, 
as derived from Canadian life tables 30, and

•	 the breast cancer recurrence rate for patients 
treated with ac.

figure 1	 Model schema. Health states incorporated into the 
model are shown in circles, and possible transitions between 
health states are depicted by arrows. All patients enter the model 
in the Chemotherapy state (docetaxel–cyclophosphamide or 
doxorubicin–cyclophosphamide) and move to Disease-Free state 
after completion of chemotherapy treatment. Chemotherapy-
related adverse events could occur during Chemotherapy state 
[that is, chemotherapy-induced nausea and vomiting (cinv) or 
febrile neutropenia (fn)] or after transition to Disease-Free state 
[that is, acute myeloid leukemia (aml) or myelodysplasia (mds), or 
congestive heart failure (chf)]. Patients in Disease-Free state could 
develop Local Relapse or Distant Relapse. Death might occur with 
or without relapse or as a result of chemotherapy adverse events.
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The recurrence rate was derived by applying 
the expected relative benefits of first-generation 
anthracycline-based regimens such as ac to a range 
of baseline 10-year recurrence risks of 25%–75% in 
the absence of adjuvant chemotherapy according to 
menopausal status 28, representing the risks posed 
by nodal status (that is, from node-negative to high-
burden node-positive disease). The model struc-
ture therefore allows for an assessment of various 
baseline relapse risks and nodal states for patients 
treated with adjuvant chemotherapy. In the base 
case scenario, the 10-year recurrence rates for the ac 
strategy were based on a hypothetical cohort with a 
52% node-positive rate (that is, a 10-year relapse risk 
of 38% in the absence of adjuvant chemotherapy), as 
observed in U.S. Oncology trial 9735 7,8. The sen-
sitivity analysis also examined cohorts with lower 
and higher relapse risks (25%–75%).

The corresponding recurrence rates for the 
tc strategy were derived by applying the relative 
risk for dfs at 7 years’ median follow-up from U.S. 
Oncology trial 9735 (hr: 0.74; 95% ci: 0.56 to 0.98; 
p = 0.033) to the recurrence rates used in the ac 
arm for the initial 7 years after chemotherapy. No 

carryover benefit for tc relative to ac (that is, hr: 
1) beyond the reported median follow-up period 
was assumed in the base case scenario. Table  ii 
lists other event rates and assumptions used in 
the model.

We incorporated a number of early and delayed 
chemotherapy-related adverse events based on re-
ported toxicities from U.S. Oncology trial 9735 7,8. 

table i	 Costs and utilities used in the model

Cost Duration
Health states (CA$)a Utility (months)

Disease-Free 42/month 20,23 0.90 12,13

Life on Chemotherapy Δ5,299/patientb 0.74 12,13,18 3

Local Relapse 11,535/event 20,23

First relapse 0.70 12,13 4c

Second relapse 0.50 12,13 4c

Treated relapse 0.90 12,13 Life

Distant Relapse 35,230/event 20,23 0.60 12,13 21 23

Early adverse eventsd

cinv 61/event 16 0.85 16 3c

Febrile neutropenia 17,236/event 19,23 0.47 15 1c

Late adverse eventsd

aml/mds 66,015/event 22 0.26 14 9 24

chf 19,008/event 21 0.64 17 12 25,26

Death — 0.00 12,13 —
a	� Inflated to 2008 Canadian dollars using the Consumer Price 

Index 27.
b	� Including costs of managing febrile neutropenia and growth 

factor support for subsequent cycles: $6,597 for docetaxel–
cyclophosphamide; $1,298 for doxorubicin–cyclophosphamide.

c	 Assumptions.
d	� Febrile neutropenia or cinv might develop during the 3 months of 

chemotherapy; aml/mds and chf might develop any time during 
the 7 years after chemotherapy.

cinv = chemotherapy-induced nausea and vomiting; aml/mds = acute 
myeloid leukemia or myelodysplastic syndrome (or both); chf = 
congestive heart failure.

table ii	 Model assumptions

Median age of cohort at entry into the model was 51 years 7,8.

The baseline doxorubicin–cyclophosphamide (ac) arm was 
constructed to reflect the relative benefits of first-generation 
adjuvant chemotherapy regimensa by menopausal status 28, applied 
to a varying baseline cancer recurrence risk of 25%–75% without 
adjuvant chemotherapy at 10 years (reflecting the range of nodal 
states encountered in practice 28).

In the primary analysis, 10-year recurrence rates for the ac strategy 
were based on a hypothetical cohort with a 52% node-positive rate, 
based on U.S. Oncology trial 9735 7,8.

The relative efficacy of docetaxel–cyclophosphamide (tc) compared 
with ac (that is, hazard ratio for disease-free survival) reported by 
U.S. Oncology trial 9735  7,8 can be applied to this hypothetical 
cohort of patients.

No carry-over benefit for tc relative to ac (that is, hazard ratio is 
1) was assumed beyond the median follow-up of U.S. Oncology 
trial 9735.

Hormonal therapy and radiation treatment were similar for both 
strategies.

Febrile neutropenia or cinv could develop during the 3 months of 
chemotherapy; aml/mds or chf could develop at any time during the 
7 years after chemotherapy.

A mortality risk was associated with chf and aml/mds 24,25,26.

The distribution of breast cancer recurrences for years 1–5 and 6–10 
were 75% and 25% respectively 23,28.

The local:distant ratio for recurrence was 1:4 in the baseline 
analysis 23.

Patients with local recurrence were treated for 4 months and then 
entered the Treated Local Relapse state.

Patients with local recurrence had a 20% instant risk of distant 
relapse and double the risk of subsequent recurrence events 23.

Patients could experience only two local recurrences. Subsequent 
recurrences were distant.

Patients with distant recurrences had a median survival of 21 
months 23.

Survival after relapse, and costs associated with treating relapse, 
were similar for both strategies.
a	� First-generation chemotherapy regimens were assumed to be as-

sociated with reductions of one third and one fifth in the relative 
risk of cancer recurrence (compared with no chemotherapy) for 
pre- and postmenopausal women respectively 28.

cinv = chemotherapy-induced nausea and vomiting; aml/mds = acute 
myeloid leukemia or myelodysplastic syndrome (or both); chf = 
congestive heart failure.
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The analysis considered the greater risk of grade 3 
or 4 cinv associated with ac (8.0% vs. 3.0%; relative 
risk: 2.6; range in sensitivity analyses: 1–4) and the 
greater risk of fn associated with tc (5.0% vs. 2.5%; 
relative risk: 2.0; range in sensitivity analyses: 1–4) 7,8. 
The base case scenario incorporated secondary pro-
phylaxis with granulocyte colony–stimulating factor 
(g-csf) after fn events and assumed no chemotherapy 
dose adjustments. However, outside of clinical trials, 
use of tc appears to be associated with higher fn rates 
of approximately 26% (range: 10%–46%) without 
and 6% (range: 0%–7%) with primary g-csf prophy-
laxis 27,31,32,33. Primary prophylaxis with g-csf is also 
sometimes used with the tc regimen in clinical prac-
tice, because it is recommended for chemotherapeutic 
regimens associated with a fn risk greater than 20% 34. 
We therefore examined two additional scenarios:

•	 20% fn rate, with secondary g-csf prophylaxis 
after fn events, and

•	 primary g-csf prophylaxis for all patients, with a 
6% breakthrough fn rate despite the prophylaxis.

The analysis also assumed that ac is associated 
with an increased risk of aml or mds (0.4%; range in 
sensitivity analyses: 0.0%–1.0%) 24,29 and chf (0.4%; 
range in sensitivity analyses: 0.0%–1.0%) 21,25,26 over 
the 7-year median follow-up.

2.4	 Utilities and Costs

Each health state was assigned a utility weight 
derived from the literature to permit an estimation 
of the qaly gains 12–18 (Table i). A utility weight of 
1 represents perfect health; lower utilities denote 
worse quality of life. A utility of 0 represents death. 
During treatment, the base case scenario assumed 
comparable utilities between tc and ac (0.74 vs. 
0.74) in the absence of the adverse events mod-
elled. However, in the sensitivity analyses, we also 
examined the effect of varying the utilities (±20%) 
between tc and ac.

The upfront costs associated with adjuvant 
chemotherapy and the downstream costs associ-
ated with adverse events (cinv, fn, chf, and aml 
or mds), follow-up, and relapses (Table i) were all 
considered 14,19,20–22. Upfront costs were derived 
from local unit costs at the QEII Health Sciences 
Centre, Halifax, Nova Scotia, Canada, as per our 
previous work 23. Included were the costs associ-
ated with

•	 chemotherapy drug (ac or tc) acquisition per the 
recommended dose and schedule for an average 
person with a body surface area of 1.7 m2;

•	 supportive care medications;
•	 diagnostics, including laboratory tests and pre-

chemotherapy cardiac evaluations; and
•	 health resource utilization.

All costs were converted into monthly costs or 
one-time event-driven costs. We also examined the 
effects of varying the costs after relapse (±20%) for 
the ac and tc regimens. For example, the costs of 
treating relapses may be lower after tc than after 
ac because palliative chemotherapy treatment with 
taxanes may not be indicated after adjuvant tc. A 
third-party direct payer perspective was consid-
ered. Using the Consumer Price Index–Health Care 
Component 35, costs were adjusted to 2008 Canadian 
dollars. Costs and benefits were both discounted at 
3% annually 9,11.

2.5	 Validation and Sensitivity Analyses

The dfs and os rates generated by the model in 
the base case analysis (with a 52% node-positive 
rate) were compared with those reported by U.S. 
Oncology trial 9735 7,8. To test the plausibility of 
the cost–utility results over a reasonable range of 
uncertainty, the robustness of the model to changes 
in key parameters was examined primarily in a se-
ries of one-way sensitivity analyses and alternative 
scenarios. We examined a number of scenarios that 
are more aligned with clinical practice than with the 
clinical trial setting: for example, node-negative sta-
tus (that is, lower relapse risk), older age (60 years), 
lower utility during tc treatment compared with ac 
(–20%), a high fn rate after tc treatment (+10% or 
+20%), and primary g-csf prophylaxis for the tc 
regimen. A probabilistic sensitivity analysis with 
a cost-effectiveness acceptability curve 9–11 based 
on plausible arbitrary ranges for input parameters 
was also conducted. The impact of the analysis 
horizon on the cost–utility estimate was examined 
for comparison with other studies that considered 
a longer horizon.

3.	 RESULTS

Adjuvant tc was associated with an estimated upfront 
cost of $6,597 compared with $1,298 for ac, for an 
incremental cost difference of $5,299 per patient. This 
incremental cost reflects primarily the higher drug 
acquisition cost associated with tc ($5,850 vs. $269), 
because the costs of supportive care medications ($76 
vs. $192), diagnostic investigations ($223 vs. $417), 
and human resources utilization ($448 vs. $421) were 
not substantially different for the treatments. At a 10-
year horizon, the net incremental cost was $3,960 per 
patient when the effects of recurrences avoided and 
the various adverse event profiles and rates associated 
with the two strategies had been accounted for.

At a 10-year horizon, tc was associated, relative 
to ac, with an incremental gain of 0.24 qalys per 
patient. Survival outcomes estimated by the model 
were consistent with the results of U.S. Oncology trial 
9735 7,8. The model predicted incremental absolute 
dfs and os benefits of 6% and 4% for tc compared 
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with ac (82% vs. 76% and 88% vs. 84% respectively) 
compared with the 6% and 5% differences observed 
in the clinical trial (81% vs. 75% and 87% vs. 82% 
respectively). The slightly more conservative survival 
estimates from the model partly reflect assumptions 
in base case recurrence risk and background mor-
tality that differed slightly from those in the actual 
clinical trial.

At a 10-year horizon, the cost–utility of tc 
relative to ac was $16,753 per qaly gained. These 
cost–utility results were robust to the key assump-
tions and input data used in the model (Figure 2). A 
lower upfront cost for tc (that is, a lower acquisition 
cost for docetaxel) resulted in increasingly favorable 
cost–utility estimates. Conversely, a lower base case 

recurrence risk (that is, node-negative disease) was 
associated with higher cost–utility of $26,047 per 
qaly gained. The higher fn rates associated with 
the tc regimen resulted in less favorable cost–utility 
estimates, although still within commonly acceptable 
cost–utility thresholds 36,37. Those cost–utilities were 
$21,333 and $33,510 per qaly gained at fn rates of 
10% (that is, 4 times the fn risk with ac) and 20% 
(that is, the recommended fn threshold for primary 
g-csf prophylaxis) respectively, and $43,693 per 
qaly if primary g-csf was administered in all pa-
tients, assuming a 6% breakthrough fn rate. Other 
chemotherapy-related adverse events and variations 
in the utilities for tc and ac during treatment had 
little impact on the cost–utility results.

figure 2	 Sensitivity analysis. The y axis shows the parameters and the ranges tested in the sensitivity analysis; the x axis reflects the 
resulting cost–utility value in thousands of Canadian dollars per quality-adjusted life year (qaly) gained. The dashed vertical line repre-
sents the mean cost–utility result (CA$16,753/qaly gained), and each bar shows the range of the cost–utility estimate for each parameter 
tested. For each parameter tested, the lower and higher cost–utility values in the bar respectively reflect the cost–utility estimates for 
the first and second columns of the range rested. The order of variables from top to bottom, with corresponding longer-to-shorter bars 
in the tornado plot, reflects the variables with more-to-less impact on the cost–utility results. tc = docetaxel–cyclophosphamide; ac = 
doxorubicin–cyclophosphamide; aml/mds = acute myeloid leukemia or myelodysplastic syndrome; chf = congestive heart failure; cinv = 
chemotherapy-induced nausea and vomiting. 

Parameter Baseline Range tested

Baseline recurrence risk at 10 years 38% 75% 25%
Costs, relapse based on chemotherapy tc=ac tc<ac tc>ac

Costs, chemotherapy (tc and ac) Table i –20% +20%
Carry over benefit (years 8–10) No Yes Lost
Discounting 3% 0% 5%
Costs, all Table i –20% +20%
Costs, chemotherapy (Δ tc–ac) $5,299 i Δ20% h Δ20%
Febrile neutropenia (tc:ac risk ratio) 2 1 4
Relapse distribution (years 1–5:1–10) 75% 85% 65%
Chemotherapy utilities tc=ac tc>ac tc<ac

aml/mds (ac absolute risk) 0.4% 1.0% 0%
chf (ac absolute risk) 0.4% 1.0% 0%
Utilities Table i +10% –10%
Costs, relapse Table i +20% –20%
Survival after Distant Relapse 1.75 Year 3 Year 1 Year
Relapse proportion (Local : All) 20% 10% 30%
Recurrence risk after Local Relapse X 2 X 4 X 1
cinv (ac:tc risk ratio) 2.6 4 1
Synchronous Distant and Local Relapse 20% 30% 10%
Costs, follow-up Table i –20% +20%
Age 50 Years 40 Years 60 Years
Costs, adverse events Table i –20% +20%

Costs (Thousands) / QALY gained

Results
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The cost–utility results were also more favorable 
at longer horizons, with a cost–utility of $6,352 per 
qaly gained at a 25-year horizon (Figure 3). Limited 
probabilistic sensitivity analysis suggested that the 
likelihoods of tc being cost-effective relative to ac at 
the commonly used $50,000 and $100,000 per qaly 
gained willingness-to-pay thresholds were 91% and 
97% respectively (Figure 4).

4.	 DISCUSSION AND CONCLUSIONS

Economic analyses—including cost-effectiveness 
and cost–utility studies—have become an integral 
component in the evaluation of new interventions 
or treatments, including adjuvant chemotherapy for 
breast cancer 2–4. The World Health Organization 
defines favorable cost-effectiveness based on the 
Gross Domestic Product (GDP) per capita in vari-
ous jurisdictions 38:

•	 Highly cost effective: <GDP/capita
•	 Cost-effective: 1–3 times GDP/capita
•	 Not cost effective: >3 times GDP/capita

The cost–utility of $16,753 estimated in this 
analysis per qaly gained for tc relative to ac com-
pares favorably with other oncology interventions 3 
and falls well below the Canadian GDP-per-capita 
threshold of $38,975 39 and the commonly reported 
thresholds of $50,000–100,000 per qaly in the United 
States and Canada, and of ₤20,000–₤30,000 per qaly 
in the United Kingdom 36,37.

The cost–utility of tc relative to ac has been 
examined in two other studies, although neither ex-
amined the effects of primary g-csf prophylaxis or of 
high fn rates for the tc regimen. Verma et al. 40, in an 
abstract presentation also from a Canadian perspec-
tive, reported a 0.516 qaly gain and a $4,260 higher 
cost for tc relative to ac for a cost–utility of $8,251 
per qaly gained at a lifetime horizon, compared with 
our estimate of $6,352 per qaly gained at a 25-year 
horizon. As in our study, their results were sensi-
tive to the horizon examined, with a cost–utility of 
$43,248 per qaly gained at a 7-year horizon. In a re-
cent publication from a Chinese perspective, Liubao 
et al. 41 reported an incremental gain of 0.41 qalys 
and 10,116 Chinese yuan (approximately CA$1,547) 
in higher costs associated with tc relative to ac at a 
lifetime horizon (40 years), with an incremental cost-
effectiveness ratio of 24,305 yuan (approximately 
CA$3,716) per qaly gained. At a willingness-to-pay 
threshold of 86,514 yuan (approximately CA$13,173) 
per qaly, the probability of tc being cost-effective 
was 90%. The most sensitive parameter in the model 
was the cost of primary chemotherapy treatment in 
the tc arm. However, comparisons to international 
results must be made cautiously, given the potential 
for substantial structural differences between health 
care systems.

Economic evaluations for other docetaxel-based 
adjuvant chemotherapy regimens for breast cancer 
have also been conducted  23,42–46. Compared with 
fac (5-fluorouracil–doxorubicin–cyclophosphamide), 
tac (docetaxel–doxorubicin–cyclophosphamide) ad-
ministered with and without prophylactic g-csf was 
found to be a cost-effective strategy in a number of 
jurisdictions 36,37,39,40. From a Canadian health care 
system perspective, Au et al. 42 reported cost–utility 
ratios of $46,003 and $18,506 per qaly gained with 
and without prophylactic g-csf at a 10-year horizon, 
and Mittmann et al.  43 reported cost–utility ratios 
of $13,044 and $6,848 per qaly gained at a lifetime 
horizon. From a U.K. National Health Service per-
spective, Wolowacz et al. 44 reported cost–utilities 

figure 3	 Cost-effectiveness by analysis horizon. The y axis shows 
the cost per quality-adjusted life year (qaly) gained in Canadian 
dollars; the x axis shows the analysis horizon. The graph shows 
cost per qaly gained as a function of the time horizon from adjuvant 
chemotherapy treatment.

figure 4	 Cost-effectiveness acceptability curve. The x axis shows 
willingness-to-pay per quality-adjusted life year (qaly) gained in 
Canadian dollars; the y axis shows the probability that docetaxel–
cyclophosphamide (tc) is cost-effective. The likelihood that tc is 
cost-effective is shown at various thresholds of willingness-to-pay 
per qaly gained; the probabilities are, respectively, 91% and 97% 
that tc is cost-effective at the commonly applied thresholds of 
$50,000 and $100,000 per qaly gained.
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of £20,432 and £18,188 per qaly gained, with and 
without prophylactic filgrastim, at a 10-year horizon. 
From a Korean perspective, Lee et al.  45 reported 
cost–utilities of 12,119,561 Korean won (approxi-
mately €9,926) and 8,885,794 won (approximately 
€7,277) per qaly gained, with and without prophy-
lactic g-csf, at a lifetime horizon.

Compared with fec100 (5-fluorouracil–epirubi-
cin–cyclophosphamide), fec-d (5-fluorouracil–epiru-
bicin–cyclophosphamide–docetaxel) was also found 
to be a cost-effective strategy 23,46. From a Canadian 
health care perspective, Younis et al. 23 reported a 
cost–utility of $14,612 per qaly at a 10-year horizon, 
and from a French hospital perspective, Marino et 
al. 46 reported a cost–utility of €9,665 per qaly at a 
5-year horizon.

Collectively, the consistent favorable results ob-
served in the foregoing economic evaluations from 
various health care jurisdictions provide compel-
ling evidence that adjuvant chemotherapy regimens 
incorporating docetaxel—fec-d, tac, tc—are cost-
effective strategies for women with breast cancer.

The cost–utility estimate for tc relative to ac 
depends on the incremental upfront cost difference 
between the two chemotherapeutic regimes. In our 
evaluation, tc was associated with higher estimated 
upfront costs relative to ac ($6,597 vs. $1,298), with 
an incremental cost difference of $5,299 per patient, 
primarily reflecting higher drug acquisition costs 
($5,850 vs. $269). Should docetaxel become generic, 
lower upfront tc costs would result in an even 
more favorable cost–utility estimate, as observed 
in our study and the study by Liubao et al. 41. The 
cost–utility estimate of tc relative to ac is also af-
fected by the horizon examined (that is, the analysis 
timeframe). Economic analyses attempt to capture 
all clinical benefits by modeling clinical outcomes 
beyond the relatively short duration of follow-up in 
most clinical trials. Although cost–utility estimates 
generally improve with a longer analytic horizon 
as the cumulative benefits (that is, the qaly gains) 
accrue for patients without recurrences, longer ho-
rizons also involve more uncertainty with regard 
to the magnitude of clinical benefit. In our study, 
and in the study by Verma et al. 40, the cost–util-
ity estimate for tc was within commonly accepted 
thresholds 36,37 at a 7-year horizon (corresponding 
to the median follow-up reported in U.S. Oncology 
trial 9735 7,8).

In our primary scenario, the cost–utility esti-
mate of $16,753 per qaly gained was based primarily 
on outcomes from U.S. Oncology trial 9735. We 
examined cohorts with 52% node-positive rates and 
a median age of 51 years. We assumed twice the fn 
risk with tc than with ac and comparable base case 
utilities for both regimes during the treatment pe-
riod. However, in clinical practice, tc chemotherapy 
is perhaps more commonly used in older patients 
and in those with node-negative disease, and it is 

associated with higher fn rates and possibly with 
lower treatment-related utility 27,31–33. Our cost–utility 
estimates in those practical scenarios, and in cir-
cumstances in which primary g-csf prophylaxis is 
considered for all patients, were less favorable than 
those in the primary analysis based on clinical trial 
data, although they remained within commonly 
used cost–utility thresholds 36,37.

Our study has limitations. As with all economic 
analyses, the results may not be generalizable to 
all other health care jurisdictions because of varia-
tion in upfront or downstream costs (or both) for 
chemotherapeutic drugs and cancer management. 
However, the very favorable cost–utility estimates 
observed in our study and in the study by Liubao 
et al. 41 from the perspectives of the Canadian and 
the Chinese health care systems respectively, make 
it unlikely that tc would not be a cost-effective 
strategy in other jurisdictions. To test the robust-
ness of our model, we performed mainly one-way 
sensitivity analyses (as opposed to probabilistic sen-
sitivity analyses) because of a lack of evidence-based 
probability distributions for many of the parameters 
and because of the difficulties arising from defining 
arbitrary distributions 9–11. Our results were never-
theless robust to a wide range of uncertainty around 
the point estimates for key parameters examined in 
the model.

To summarize, adjuvant chemotherapy with tc 
is both more effective and more costly than ac, with 
favorable cost–utility estimates relative to commonly 
applied cost-effectiveness thresholds. For women 
with breast cancer, tc is an acceptable standard ad-
juvant chemotherapy option based on its favourable 
clinical and economic evaluations.
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