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Objectives: The object of this study was to determine, taking into account uncertainty on
cost and outcome parameters, the cost-effectiveness of high-dose chemotherapy (HDC)
compared with conventional chemotherapy for advanced breast cancer patients.
Methods: An analysis was conducted for 300 patients included in a randomized clinical
trial designed to evaluate the benefits, in terms of disease-free survival and overall
survival, of adding a single course of HDC to a four-cycle conventional-dose
chemotherapy for breast cancer patients with axillary lymph node invasion. Costs were
estimated from a detailed observation of physical quantities consumed, and the
Kaplan—Meier method was used to evaluate mean survival times. Incremental
cost-effectiveness ratios were evaluated successively considering disease-free survival
and overall survival outcomes. Handling of uncertainty consisted in construction of
confidence intervals for these ratios, using the truncated Fieller method.

Results: The cost per disease-free life year gained was evaluated at 13,074€, a value that
seems to be acceptable to society. However, handling uncertainty shows that the upper
bound of the confidence interval is around 38,000€, which is nearly three times higher.
Moreover, as no difference was demonstrated in overall survival between treatments,
cost-effectiveness analysis, that is a cost minimization, indicated that the intensive
treatment is a dominated strategy involving an extra cost of 7,400€, for no added benefit.
Conclusions: Adding a single course of HDC led to a clinical benefit in terms of
disease-free survival for an additional cost that seems to be acceptable, considering the
point estimate of the ratio. However, handling uncertainty indicates a maximum ratio for
which conclusions have to be discussed.
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Breast cancer

Many biomedical innovations follow the law of diminishing
returns: they improve the expected health outcome, but it
is necessary to devote an increasing amount of resources to
obtain an additional unit of benefit (for example, an additional
life year). In recent years, advances in breast cancer treatment
have been a typical illustration of such a trend (19;20;33).
High-dose chemotherapy (HDC) supported by blood stem
cell transplantation for advanced breast cancer patients is
currently a matter of intense controversy in the scientific and
medical communities. Several clinical trials comparing HDC
to conventional chemotherapy have failed to demonstrate that
these more-intensive therapies significantly improve these
patients’ survival. However, breast cancer patients treated
with HDC seem to have a lower likelihood of relapse and a
significantly better disease-free survival (29).

In the current context in which all Organisation for Eco-
nomic Co-operation and Development governments imple-
ment policies to control the escalation of health-care expen-
ditures, cost-effectiveness considerations play a growing role
in public and professional decisions to adopt therapeutic in-
novations that may improve the health status of patients but
for increasing costs. One key parameter in the decision to
adopt an innovation is whether or not its incremental cost-
effectiveness ratio (ICER) compared with the standard treat-
ment is below or above some implicit or explicit threshold
(16;35). Therefore, the handling of uncertainty in the estima-
tion of the cost and outcome parameters used in economic
evaluation has become an important issue. There are sev-
eral potential sources of uncertainty in any cost-effectiveness
analysis (CEA): uncertainty over the choice of parameter es-
timates and modeling assumptions (4) and uncertainty due
to the variations in the sample data (25). Sensitivity analy-
ses are commonly used to explore uncertainty resulting from
assumptions made on the variables used. In addition, pro-
viding stochastic data on both costs and effects has led to a
growing interest in uncertainty due to sampling fluctuations
(5;7;37;38), and statistical methods, therefore, have been de-
veloped to obtain confidence intervals for cost-effectiveness
ratios. In the framework of potentially controversial deci-
sions about the adoption of costly innovations, such as HDC
in advanced breast cancer, providing decision-makers with
more accurate information about the cost-effectiveness of in-
novative procedures may influence the decision process and
increase the contribution of economic analysis to this process
(12;13;31).

This article presents the results of the CEA included in
the PEGASE 01 protocol, a randomized controlled trial de-
signed to determine whether adding a single course of HDC
may improve disease-free and overall survival for breast can-
cer patients with axillary lymph node invasion. This example
illustrates how both the choice of alternative clinical out-

comes and the use of statistical techniques to take sampling
uncertainty into account can significantly affect the results
of a CEA and its interpretation for policy recommendations.

METHODS

Clinical Trial

Patients included in the study had a histologically confirmed
nonmetastatic breast cancer with axillary lymph node inva-
sion (8 positive nodes). They were 18 to 60 years old, with a
World Health Organization performance status lower than 2.
Each patient as required by national guidelines signed written
informed consent forms, and the protocol was approved by
an ethical committee (Consultative Committee for Protection
of Persons Participating to Biomedical Research).

After initial surgery, 314 patients were randomized be-
tween 1994 and 1998. In arm A, patients received four cycles
of FEC 100 (fluorouracil, epirubicin, cyclophosphamide). In
arm B, patients received the same adjuvant chemotherapy
(four cycles of FEC 100) followed by one course of CMA
(cyclophosphamide, mitoxantrone, Alkeran). In this inten-
sive arm, peripheral blood stem cells were collected during
FEC 100 cycles under 5 g/kg filgrastim stimulation and re-
infused after intensification. Chemotherapy was followed by
5-week radiotherapy regimen for all patients.

Cost-Effectiveness Analysis
Costs

Resource Utilization. Economic evaluation was un-
dertaken from the French Hospitals perspective and is con-
sequently restricted to direct medical costs. The estimation
of these costs consisted of a measurement of resource uti-
lization in physical quantities combined with a monetary
valuation using unit cost data. With the exception of costs
related to relapse, which will be presented below, physical
quantities related to medical resource utilization were col-
lected prospectively.

Resource items collected for calculation of costs were
as follows: Hospital stays, length of inpatient stays and num-
ber of day-clinic visits; Pharmacy, quantities of drugs ad-
ministered; Blood products, number of transfusion episodes;
Laboratory, tests and medical examinations specified by the
clinical protocol as well as additional tests due to febrile
events; Surgical procedure, mastectomy or breast-conserving
surgery. Cost of radiotherapy was deliberately excluded from
the cost estimation, as modalities of irradiation were identical
in both treatment groups.

Monetary Valuation. Monetary values were at-
tributed to the physical quantities consumed. Because of the
well-known problem of differences between hospital charges
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and real costs (15), especially in the context of publicly
funded health-care system such as the French one, the hos-
pital charges were not used to assess the costs of hospitaliza-
tion. The per diem “real cost” was calculated from a detailed
observation of the annual expenditures of one center (Institut
Paoli-Calmettes). This cost included consumable supplies,
cost of staff, food cost, and depreciation of equipment (taking
a depreciation rate of 20 percent). Step-down methodology
was used to add overheads to these unit costs (14).

Drug prices were the purchase prices nationally nego-
tiated by the Federation of French Cancer Hospitals. For
prices of blood products, the official 1999 prices, published
each year by the French Government, were used (28). The
costs of laboratory tests, diagnostic examinations, and sur-
gical interventions were determined using the official tariffs
of the French National Health Service (36). Costs of the pe-
ripheral stem cell collection procedure (including the costs
of labor, supplies, equipment, and laboratory tests) were ob-
tained from a parallel French study (23).

Economic data were collected until 6 months from the
entry in the study, and the total cost of treatments, therefore,
was calculated during this 6-month period. This limitation
is partly justified as posttreatment follow-up procedures and
investigations beyond this 6-month period were the same
between treatment groups.

However, to take into account a possible difference in
relapse rate between treatments, a cost of relapse was also
introduced into the CEA using the study by Bercez et al.
(3) that evaluated the direct medical costs of breast cancer
recurrence in France. For patients who relapsed, we applied
this average cost of recurrence, depending on the type of
recurrence involved.

Sensitivity Analysis. Several sensitivity analyses
were carried out to examine the robustness of the cost results
to a variation in some key parameters. First, we assessed the
impact of a change in the unit prices of the three main cost
factors: hospitalization, drugs, and blood products. In addi-
tion, some differences between the management of patients
in a clinical trial and current clinical practice are likely to
exist. In particular, the actual practice for intensification is
leading to a decrease in hospitalizations, the major compo-
nent of total cost. We, therefore, evaluated the impact on cost
results of changing the length of hospitalization.

Because our cost data were strongly skewed, the normal-
ity hypothesis could not be assumed and the Student 7-test
was not appropriate. Parametric and nonparametric bootstrap
tests, therefore, were performed to test the difference in mean
costs between treatments.

Effectiveness

The Kaplan—Meier method was used to estimate the mean
survival times of each treatment group, and the log rank test
was applied to test the difference in these mean times. Two

outcome measures were successively considered in our CEA:
disease-free survival (DFS) and overall survival (OS).

Cost-Effectiveness Ratio and Impact
of Uncertainty

The main clinical end point of the study was DFS. However,
the ultimate goal of any health program is to improve OS.
Thus, we realized the CEA for both DFS and OS outcomes,
and ICERs were successively calculated for these two end
points, giving the cost per progression-free life year gained
and the cost per life year gained.

The impact of uncertainty on these estimated ICERs,
due to the sampling fluctuations, was analyzed through the
building of 95 percent confidence region for the ICER. The
“truncated Fieller’s method”, based on the joint distribution
function of the pair (mean costs difference, mean survival
times difference), is stable, even if the difference in mean sur-
vival time approaches zero statistically (32). Consequently,
we used this method to estimate the confidence interval for
the ICER.

Estimators of the variance of the effects as well as the
covariance between costs and effects were obtained using
bootstrap methods, because we had no simple available ex-
pression for them. The bootstrap consisted in resampling
with replacement, simultaneously, of costs and survival time
from the sample (so as to preserve their correlation). This
procedure was repeated 5,000 times: variance of survival
differences as well as covariance between costs and effects
differences, therefore, were obtained.

RESULTS

Costs

Calculation of costs was carried out on 300 patients, as 14
intensive patients did not receive HDC (data relative to the
treatment effectively received were not available for these pa-
tients). Resource consumption was measured for these 300
patients from entry in the study up to 6 months after treat-
ment, and the costs calculated are summarized in Table 1.
Intensive treatment gave an average cost per patient of
17,837€ (range, 17,286€—18,389€), versus 5,188€ (range,
4,883€-5,492€) for the standard treatment. HDC was, there-
fore, 3.4 times more expensive than standard chemotherapy.
This cost difference, statistically significant (p < .001, us-
ing the parametric and nonparametric bootstrap tests), was
mainly due to differences in the length of hospital stays
(43.5 percent of the additional cost) and granulocyte colony-
stimulating factor administration (13 percent of the extra
cost). Distribution of costs per categories was different in
each arm: quantities of drugs represented the most impor-
tant part of cost for standard treatment with a mean cost of
1,532€ (29.5 percent of total cost), whereas hospitalization
cost represented the most important cost component for HDC
with a mean cost of 6,537€ (36.7 percent of total cost).
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Table 1. Cost Estimations (Euros) of PEGASE 01 Protocol

FEC 100 FEC 100 + CMA

Cost factors (n = 155) (n = 145) Cost difference

Hospitalization 1,032 19.9% 6,537 36.7% 5,505
Drugs 1,532 29.5% 4,388 24.6% 2,856
Chemotherapy 1,101 1,940 839
G-CSF 384 2,033 1,649
Others 48 416 368
Transfusions 16 0.3% 2,935 16.4% 2919
Laboratory and diagnosis tests 1,368 26.4% 1,742 9.8% 374
Harvesting 0 1,089 6.1% 1,089
Surgery 1,240 23.9% 1,147 6.4% —94
Average total cost 5,188€(£ 1,920) 17,837€(% 3,360) 12,650€

95% CI for mean [4,883;5,492] [17,286;18,389]

FEC, fluorouracil, epirubicin, cyclophosphamide; CMA, cyclophosphamide, mitoxantrone, Alkeran; G-CSF, granulocyte colony-

stimulating factor; CI, confidence interval.

Including the cost of relapse, the difference between the
mean costs of the two treatments decreased. Mean costs were,
respectively, 28,262€ for the intensive arm versus 20,859€
for the standard treatment; that is almost a 42 percent decrease
in the cost difference.

Table 2. Cost-Effectiveness Analysis with DFS as the Clinical
End Point?

Benefit disease-free

Costs (€) survival (months)

Intensive 17,837 (3,360) 61.10 (2.60)
Sensitivity Analysis Standard 5,188 (1,920) 49.49 (2.81)
. . . Difference 12,650 (319) 11.61 (0.31)
The first sensitivity analysis was performed by varying the
price of the three main cost factors: hospitalization, drugs, =~ ICER €/disease-free life years gained 13,074

and transfusion. An increase of 10, 15, or 25 percent in
these prices did not reverse the conclusion of the analysis.
Conclusions were similar considering a decrease in these unit
prices. The second sensitivity analysis, designed to evaluate a
potential change in the routine management of hospital stays
showed that a change in the number of days per inpatient

95% confidence interval [7,879;37,841]

4 Figures in parentheses are standard deviations.
DFS, disease-free survival; ICER, incremental cost-effectiveness ratio.

Table 3. Cost-Effectiveness Analysis with OS as the Clinical
End Point

would not reverse the results of the cost comparison. Benefit ICER
Overall €/life

Effectiveness Costs (€) survival year

. . . includi 1 h i

Survival curves for DFS and OS are presented in Figure 1. (including relapse) (months) gained

After amedian follow-up period of 61.2 months, a significant Intensive 28,262 (12,959) 71.78 (2.13)

difference in DFS was found with mean DFS durations (95 Standard 20,859 (13,191) 70.27 (2.48)

percent confidence interval [CI]) of 49.5 months (CI, 44.1— Difference 7,403 (1510) 1.51(3.26) 58,831

54.8) and 61.1 months (CI, 56.1-65.8) for standard and HDC
patients respectively (p < .001). The 5-year DFS rates were
40.7 and 60 percent, which represented 65 relapses for the
standard arm versus 44 for the HDC arm.

However, OS after 5 years was the same in both treatment
groups with mean durations of 70.27 months (CI, 65.47—
75.08) for standard arm and 71.78 months (CI, 67.83—-75.73)
for HDC arm. At the time of analysis, 91 patients died: 50
and 41 in standard and intensive arms, respectively.

Cost-Effectiveness Ratio and Impact
of Uncertainty

The incremental cost-effectiveness ratios were calculated for
both DFS and OS outcomes, and descriptive statistics are
presented in Tables 2 and 3. Because there was no differ-
ence in OS between the two treatment groups, the CEA in

2 Figures in parentheses are standard deviations.
OS, overall survival; ICER, incremental cost-effectiveness ratio.

that case turns out to be a cost-minimization analysis. On
this basis, because the intensive treatment was more expen-
sive but resulted in a similar survival, it can be considered
as a dominated strategy that should be rejected. However,
CEA using DFS as the end point showed that adoption of
HDC would lead to an incremental cost per progression-free
life year gained of 13,074€. Figure 2 gives a graphic rep-
resentation of the sampling uncertainty associated with this
ICER. This figure shows 5,000 replications of the pairs con-
stituted by the differences in average total costs and mean
survival times between the two treatments, corresponding to
an approximation of the joint distribution of costs and sur-
vival outcomes. The rays whose slopes correspond to the
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Figure 1. Survival curves.

upper and lower limits of confidence regions for the ICER,
for various confidence levels (99 percent; 95 percent, and 90
percent), obtained using the truncated Fieller’s method.

The bounds’ values of the confidence regions calculated
at the 95 percent CI with the truncated Fieller’s method are
presented in Table 2. These results show that the upper limit
of the 95 percent CI is equal to around 38,000€ per disease-
free life year gained (which is around three times more than
the point estimate of the ICER). In this case, if a cost of at
least 38,000€ to obtain the improvement of quality of life
associated with a disease-free life year in comparison with
a life year with cancer is considered to be socially accept-
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able, then the intensive treatment should be adopted (with a
5 percent error rate).

DISCUSSION

In cancer care, as in many other fields, medical decisions are
often confronted with situations in which innovative treat-
ments, which are evaluated through randomized clinical trial,
fail to demonstrate a significant advantage in terms of overall
survival but may offer other benefits for patients by reducing
or delaying the risk of relapse. When this additional bene-
fit is obtained while minimizing costs, adoption of the new
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Figure 2. Confidence regions for the incremental cost-effectiveness ratio with the truncated Fieller's method with disease-free
survival as clinical end point. DC.DE, pair, mean costs difference, mean effects difference; Cl, confidence interval.

treatment should be straightforward. However, in most cases,
as in the case of HDC in our study, therapeutic innovations
are more costly than standard treatment and devoting addi-
tional resources to obtain a limited benefit in quality of life,
which does not translate into increased life expectancy, raises
complex social issues. In such cases, handling of uncertainty
in economic analysis becomes especially important to guar-
antee the robustness of the estimations and minimize the
risk of devoting too many resources for a limited improve-
ment.

In this study, we present the results of the CEA of the
PEGASE 01 protocol designed to evaluate the benefit of
adding a single course of CMA to a conventional 4 FEC100
chemotherapy regimen for node-positive patients with breast
cancer. Our uncertainty analysis was threefold. First, we
considered in the analysis two different clinical end points:
disease-free survival and overall survival. The use of two
different possible end points is a way to evaluate to which
extent the choice of the clinical end point can reverse the
results of CEA when definite conclusions are not evident.
Second, we handled for sampling uncertainty in the cost
minimization analysis (using bootstrap tests for cost com-
parisons) and in the CEA with the building of confidence
interval around the ICER obtained. Third, as there are many
other potential sources of uncertainty in economic analysis,
which derive from the assumptions that need to be made,
a sensitivity analysis on the key modeling parameters was
performed.

Cost data were based on a detailed observation of med-
ical records, because the goal was to calculate the real cost
of the procedures. They were available from the entry in the
study until 6 months after the end of treatment for 300 pa-
tients included in the protocol. Our cost assessment showed
an additional cost of 12,650€, HDC being 3.4 times more
expensive than standard-dose chemotherapy. These cost esti-
mates were robust to various sensitivity analyses carried out
on the key components of the total cost (changes in the unit
price of the three major cost factors, decrease in the number
of hospitalization stays). This cost assessment appeared con-
sistent with those recently published on HDC and peripheral
blood stem cell support (2;11;27). In particular, De Rosa et al.
(11) evaluated the cost of HDC with blood stem cell support
for breast cancer patients at 20,816€, the larger part of this
cost being due to hospitalizations during the posttransplant
phase.

Survival times were assessed directly from the clinical
trial and complete clinical results have been described else-
where (unpublished data, 2004). Survival results did not show
any benefit in terms of OS, whereas DFS was significantly
increased for patients intensified. These results confirmed
those obtained by Rodenhuis et al.(30), who reported a DFS
advantage relative to HDC for very poor prognosis patients.

Although all health economists agree on the necessity of
accounting for the uncertain nature of economic evaluation
through appropriate statistical tests and the use of sensitiv-
ity analyses (17;22), two authors have noted recently that, in
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practice, very few published studies used methods to examine
uncertainty (1;6). Uncertainty due to sampling fluctuations
can be handled through the building of confidence regions
for the ICER and various methods for calculating such con-
fidence regions have been explored in the literature such as
Taylor’s method (25;33), parametric and nonparametric boot-
strap methods (7), and Fieller’s method (10;38). Recently, a
study (32) has shown that the truncated Fieller’s method is
quite perfect and stable in all situations, even with skewed
data and in the case of the pair (mean costs difference, mean
effects difference) approaching zero. This method, therefore,
was used here to calculate ICER confidence regions. How-
ever, several types of uncertainty are likely to be present in
any economic analysis and the ICER confidence interval is
a way of addressing a particular form of uncertainty, the one
deriving from sampling variation. Consequently, it is not a
total substitute for any other way of trying to estimate uncer-
tainties, in particular sensitivity analyses that are required in
any CEA.

The first end point considered in our CEA was DFS, as
this was the main end point for the clinical evaluation of this
protocol. The ICER was evaluated to approximately 13,074€
per disease-free life years gained.

We have shown that the upper bound of the 95 percent
CI was equal to around 38,000€ per disease-free life years
gained; that value is around three times more than the point
estimate of the ICER. Consequently, we have to be cautious
about the findings of this analysis, which are no longer ob-
vious and depends on the maximum acceptable value (or
ceiling ratio) that society is willing to pay. If society is will-
ing to pay at least 38,000€ to gain 1 disease-free life year,
then intensive treatment is a cost-effective strategy with a 5
percent error rate. Otherwise, questions have to be asked, and
the choice will depend on the preferences and priorities of
society, including preferences of patients.

Generally, cost-effectiveness analyses present results in
terms of cost per life year saved, using the usual criterion
of OS. In our analysis, no difference in OS was found be-
tween treatments, but the significant cost difference (extra
cost = 7,403€) indicated that HDC is a dominated strategy
and should not be retained on the basis of this criterion. This
finding is in contradiction with the conclusions we obtained
with DFS as effectiveness criterion (of course, in this case,
cost of relapse was not included in the total cost). This illus-
trates the very general difficulty of evaluating treatments that
slightly improve survival while significantly increasing DFS,
what commonly occurs in the field of cancer. In practice, this
situation arises in many empirical studies, as clinical trials are
often designed to detect small differences between treatments
and medical innovations often involve a deterioration of the
cost-effectiveness ratio to obtain a limited improvement in
efficacy when compared with standard treatments. The ques-
tion of the choice of the efficacy criterion therefore arises, as
it is crucial for decision making. Is the usually used criterion
of 5-year OS a satisfactory and definitive criterion, because

DFS at 5 years is significantly different? A 10-year OS may
be a more appropriate criterion, especially in the context of
therapeutic strategies where treatments of relapse are able to
maintain patients alive. However, in this case, the criterion is
problematic, as we cannot wait for 10 years to make a clini-
cal and economic evaluation of an innovation: the use of an
intermediate criterion, therefore, clearly is required. These
questions certainly will be the ones addressed in the future,
as medical evaluations are more and more confronted with
situations where there is not survival benefit. Moreover, even
if the DFS is not a definite efficacy end point, it seems to be
particularly relevant in the context of treatments where qual-
ity of life (QOL) is now largely recognized as an important
element in decision making. Facing the choice of the ap-
propriate effectiveness criteria, QOL becomes an important
argument as several studies (8;18;34) have proved that the
recurrence disease is associated with a poorer QOL. The re-
current phase of cancer has been shown to affect a very large
number of QOL dimensions: physical, functional, emotional,
pain, distress, and in particular, psychological sequels are a
major effect related to recurrence (9;21). In that context, a
gain in DFS is clearly related to a benefit for patients, at least
in terms of QOL, and the criterion of DFS, therefore, is of
great relevance. So, even if no difference in OS is observed,
questions about the role of HDC have to be addressed. This
question can be considered as a problem of trade-off between
economic considerations and a gain in DFS, that is, a gain
in welfare. Is society ready to pay for a treatment that would
certainly contribute to patients’ well-being by reducing the
risk of relapse? However, even if DFS is a relevant crite-
rion, choosing this end point means considering implicitly
that living after relapse has no value. This hypothesis being
quite important, we recalculated the ICER after weighting
the time spent after relapse, thus doing an implicit hypoth-
esis on QOL. We noticed that, calculating the ICER with a
weight of 0.9 (which means that the time spent after relapse
is equivalent to 90 percent of the time spent without) yields
a practically identical value (41,052€/QALY5s) to that of the
upper bound of the confidence interval calculated for han-
dling uncertainty. Conversely, the ICER with a weight of 0.1
for time after relapse led to a close value (9,760€/QALYs)
to the lower bound of the confidence interval. Thus, han-
dling uncertainty for decision making with calculation of a
confidence interval for the ICER can be related to an im-
plicit choice on the value of life after relapse, that is, implicit
QOL hypotheses that differ completely, depending on which
bound we are locating.

Lastly, with regard to the generalization of our results,
we must remember one major problem often associated with
economic evaluations carried out alongside the diffusion pro-
cess of innovations. In all evaluation of an innovative treat-
ment, a change in medical practice between the trial study
and the today’s practice often occurs. Substantial cost savings
may be achieved in the present case by changing practice pat-
terns to reduce hospital stays of patients receiving high-dose

348 INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 21:3, 2005

https://doi.org/10.1017/50266462305050452 Published online by Cambridge University Press


https://doi.org/10.1017/S0266462305050452

treatments. Even larger cost savings are now conceivable with
the development of outpatient treatment modalities, largely
tested in various trials (24;26). Some substantial cost savings
will presumably occur for the use of intensive chemother-
apy in today’s practice compared with the trial practice. In
addition, care in clinical trials often requires more resources
than routine clinical practice. In particular, the total cost of
intensification was clearly overestimated in our study. These
arguments, therefore, weigh in favor of intensification, if
this strategy is adopted in routine practice as a standard
treatment.

CONCLUSION AND POLICY
IMPLICATIONS

The results of the present CEA suggest that the use of HDC
should not be excluded, although a basic cost minimization
study would provide arguments in favor of standard treatment
as being less costly for the same efficacy in terms of survival.
However, if one adopts DFS as end point, the value of the
ICER may seem more reasonable to some decision-makers
and this decision would encourage the development of inten-
sification for breast cancer patients. One has to be careful,
however, about how we interpret the point estimate of the
ICER, as handling uncertainty indicates an upper bound for
this ICER, making a definite conclusion about the economic
acceptability of HDC difficult to reach.

Further research obviously now is required in the field
of intensive therapeutics, considering complementary criteria
such as quality of life. An evaluation of toxicity, QOL, and
quality-adjusted survival analysis of this protocol is ongoing.
It will certainly provide other arguments in the debate over
the benefits of intensification of therapy for breast cancer
patients.
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