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Cost-effectiveness of intensive adjuvant chemotherapy for high-risk
breast cancer: Is tailored and dose-escalated chemotherapy with
growth factor support (GFS) more costly and less effective than
marrow-supported high-dose chemotherapy — results from a
randomized study
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Abstract

Based on randomized studies bone-marrow supported (BMS) high-dose chemotherapy (HDCT) is not superior to
conventional CT as adjuvant treatment for high-risk breast cancer. To compare the cost-effectiveness of these treatments we
examined the data of Finnish patients in the SBG9401 trial [1]. Patients were randomized to receive either dose-escalated
(de FEC) (group A, n=59) or FEC and HDCT +BMS (group B, n =70). They received adjuvant radiotherapy (RT)+
tamoxifen. All direct health care costs of first line treatment at the oncology units were considered as well as productivity
costs within the first 3 years of follow-up. Effectiveness was measured by the number of survival days during 5 years of
follow-up. The mean direct health care costs were significantly higher in group B (25 829 € in group A vs. 36 605 € in group
B, p <0.001), mainly due to a higher number of hospital days. Half of the costs in group A was due to the use of filgrastim
(15335 €in A and 2969 € in B, p <0.001). The costs of RT were only 5% of total costs. There was no statistically significant
difference between the groups in the number of survival days, but sensitivity analysis based on bootstrapping suggested that
treatment A would be a less costly and more effective alternative in a great majority of cases.

Breast cancer is the most common cancer in the
Western world and cancer has been estimated to
account for about 11% of the costs of all illnesses in
the United States in 1985. The National Institutes of
Health estimated that the costs of cancer in 2002
were US $171.6 billion of which US $60.9 billion
were attributed to direct medical costs [2]. Accord-
ing to data from 2001, breast cancer accounts for
15-20% of all cancer costs and 1% of the total
health budget in the USA [3]. Primary therapy
includes surgery, chemotherapy, endocrine therapy
and radiotherapy. The last-mentioned approach is
effective and relatively cheap when compared to
chemotherapy [4]. The same modalities are used for
breast cancer relapses and more recently the mono-

clonal antibody trastuzumab, chemotherapy and/or
radiotherapy in advanced stages. In an analysis of
over 2000 patients the costs of initial treatment were
US $10813 and of terminal care US $17 686 per
patient in 1992 [3]. The total costs of initial care
increased with disease stage. The direct costs of
diagnosis and initial treatment of a cohort of 17 700
patients diagnosed in 1995 are estimated to be
8014-8225 CAD per patient [5]. Life-time cost
modeling of breast cancer has shown that especially
the treatment of metastatic breast cancer constitutes
a substantial economic burden to the health care
system [6—8]. In addition metastatic breast cancer is
in most cases incurable and very costly due to the
increasing use of chemotherapy [9]. The main
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means to increase survival and reduce costs is an
early diagnosis and effective initial treatment, in-
cluding adjuvant treatment.

A recent health economic analysis comparing
conventional-dose chemotherapy with high-dose
chemotherapy supported by autologous hematopoe-
tic stem-cell transplantation in patients with meta-
static breast cancer showed high-dose therapy to
increase both morbidity and costs with no improve-
ment in survival [10]. In their analysis of 180 women
treated within the context of a randomized study,
patients in the transplantation group were hospita-
lized more often, and the costs in this group were US
$85 055 per patient vs. US $28 169 in the conven-
tional chemotherapy group.

With a view to increasing disease-free survival,
high-dose chemotherapy with stem cell support was
evaluated in the 1990s in many large prospective
randomized clinical trials in an adjuvant setting in
patients with high-risk breast cancer [1,11-14].
None of the marrow-supported high-dose studies
demonstrated overall survival improvement. It has
however been debated whether patients with ten or
more positive lymph nodes would benefit from high-
dose chemotherapy with stem cell rescue [12,15,16].

In the Scandinavian countries a prospective ran-
domized adjuvant trial was initiated in 1994, and
524 high-risk patients were randomized to receive
either high-dose chemotherapy with peripheral stem
cell support or a tailored FEC regimen [1,17]. In
this study we compare the cost-effectiveness of these
two treatment modalities in order to improve the
cost-effectiveness of future adjuvant therapies.

Patients and methods

Altogether 524 high-risk patients were randomized
in a Scandinavian Breast Cancer Study Group study,
SBG9401, from July 1994 to 1997 in four Nordic
countries. The results of early analysis have been
published in the Lancet in 2000 [1].

This analysis is based on prospectively collected
data of patients treated at three main Finnish centers
taking part in that trial (n =129, 24.6% of the total
524 patients, 1). Fifty-nine patients (group A) were
randomized to receive nine cycles of tailored dose
escalated FEC every third week (5-fluorouracil
starting dose 600 mg/m?, epirubicin 75 mg/m? and
cyclophosphamide 900 mg/m? q 3 weeks, the highest
dose level was 5-fluorouracil 600 mg/m?, epirubicin
120 mg/m? and cyclophosphamide 1800 mg/m?)
supported by granulocyte colony-stimulating factor,
filgastim 5 pg/kg, Neupogen® (Amgen, Basel, Swit-
zerland) and prophylactic antibiotics. In group B,
70 randomized patients received three cycles of
standard FEC followed by HDCT with CTCb

(6000 mg/m? cyclophosphamide, 500 mg/m? thio-
thepa, 800 mg/m? carboplatin, all drugs being given
as continuous intravenous infusion over 96 h on days
—7 to —4) with PSCT (at least 2 x10° CD34"
cells’kg, transfused on day 0) [1]. All patients
received adjuvant radiotherapy and tamoxifen for
5 years. Two patients, one in each group, did not
receive the trial medication and were excluded from
the health economic analyses. In the original study
(n=524) and in the present Finnish subgroup
patients (n =129) there were no statistically signifi-
cant differences between the trial groups in the other
prognostic features and the mean age of the patients
in these Finnish patient groups at the time of
diagnosis was 49 years (range 41-59 years, no
significant difference between the groups).

All health care resource use in the respective
oncological units during adjuvant therapy (hospita-
lization, drugs, transfusions, growth factors, antibio-
tics, laboratory tests, radiological examinations etc.)
was counted for each patient from the hospital
records and valued at the unit costs in 1996 in these
hospitals. The costs of surgery and adjuvant tamox-
ifen for 5 years were not included in the analysis
because they were same between the two groups and
only the expenses at the oncology unit (radiotherapy
and chemotherapy) were considered. The direct
costs cover the first line treatment during the first
3 years of follow-up. The sick leave days during
the same period were valued at the mean gross salary
(4+35% social security expenses) of women in Fin-
land in 1996 to estimate the productivity costs. The
sum of direct health care costs and productivity costs
is referred to as total costs.

Effectiveness was measured by the number survi-
val days within the follow-up period of 5 years. Costs
and health benefits were not discounted due to a
short follow-up period and similar time pattern of
the occurrence of costs and health benefits between
the treatments.

The prospective clinical trial SBG 9401 was
approved by the ethics committees of the University
Hospitals of Helsinki, Tampere and Turku, and
written informed consent was obtained from every
patient.

Statistical analysis

Data analysis was carried out using SPSS 13.0 [18]
statistical programs. Fisher’s exact test and y° test
were used to test the significance in the cross-
tabulated data. Independent samples t-test was
used to test differences between the groups in
continuous variables. All reported p-values are two-
sided. Probability values of <0.05 were considered
statistically significant. To assess uncertainty, 10 000
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resamples from the original cost-effectiveness data
set were simulated using a bootstrapping technique.
Results are given as mean incremental costs
and effects with their 95% confidence intervals
(CI), incremental cost-effectiveness ratio, cost-effec-
tiveness plane and cost-effectiveness acceptability
curve.

Results

The breakdown of costs is shown in Table I. The
mean direct health care costs of the high-dose
adjuvant treatment were significantly higher in group
B (25829 € in group A vs. 36 605 € in group B, p <
0.001, Figure 1). The main reason for the higher
costs in group B was the higher number of hospital
days. The lowest total cost (22 047 €) for an indivi-
dual patient was noted in group A, the highest
(52451 €) in group B.

In group A all 58 patients received prophylactic
antibiotics during each chemotherapy cycle at a
mean cost of 511 € (range 119-597 €), whereas in
group B the corresponding mean cost was only 53 €
(range 0—-1791 €), as prophylactic antibiotics were
used orally during the mobilization chemotherapy,
p <0.001. The costs of filgrastim accounted for half
of the total drug costs in group A. The mean cost of
filgrastim was significantly higher in group A
(15334 €) than in group B (2969 €, p <0.001,
Figure 2).

The costs of radiotherapy were quite similar in
both groups (1687 € in group A and 1572 € in group
B, p =0.047), accounting for only 5% of the direct
health care costs.

There was no statistically significant difference in
the productivity costs, since there was no statistically
significant difference in the number of sick leave
days, the mean being 456 days in group A (range
170-1261 days, SD 283) and 419 days in group B
(range 141-528 days, SD 343), p =0.516, despite
the fact that duration of therapy was significantly
longer in group A.

Table I. Mean costs by items in different treatment groups, A =
dose-escalated FEC and B =high-dose chemotherapy with per-
ipheral stem cell support (standard deviation in parentheses).

Cost item Group A, € Group B, €  p-value

Initial treatment 8296 (3723) 32010 (9663) <0.001

Filgrastim 15335 (1949) 2969 (654) <0.001
Radiotherapy 1687 (317) 1573 (323) 0.047
Profylactic antibiotics 511 (79) 53 (303) <0.001

Direct health care

costs
Productivity costs
Total costs

25829 (4934) 36605 (10003) <0.001

45595 (28340) 41916 (34283) 0.516
71424 (30296) 78521 (37107) 0.246

At 5-year follow-up there was no statistically
significant difference between the groups in the
mean number of survival days, p =0.330. A cost-
effectiveness comparison based on direct health care
costs and survival days suggests that treatment A is
weakly dominant, that is, it produces the same
effectiveness at a lower cost. A comparison based
on total costs suggests that there is no difference
between the treatments in cost-effectiveness.

Bootstrapping showed that when costs were mea-
sured by direct health care costs the mean incre-
mental cost of treatment B was 10763 € (8083—
13418), and that in 84% of the cases treatment A
was both less costly and more effective and in 16%
less costly and less effective (Figure 3). When costs
were measured by total costs the mean incremental
cost of treatment B was 7095 € (—4332-18679 €),
and the percentage of cases where treatment A was
less costly and more effective fell to 74%. In only
2% of cases would treatment A be more costly and
less effective than treatment B (Figure 4). Mean
incremental effect of treatment B was —88 days
(—263-86).

Cost-effectiveness acceptability curves of treat-
ment B are shown in Figure 5. Even if the willingness
to pay for an extra survival day would be as high as
5000 € (1.8 million € per life year gained), only in
less than 16% of cases would treatment B be
acceptable, that is, the cost per survival day, be it
measured by direct health care costs or total costs,
would be less than 5000 €.

Discussion

Breast cancer is the most common cancer among
women in Western countries, where adjuvant che-
motherapy in intermediate and high-risk patients is
well established [1,19] The wuse of aggressive
cytotoxic chemotherapies with stem cell support
as adjuvant treatment of high-risk breast cancer
patients was actively studied during the 1990s
[1,12-14,20]. However, none of the high-standard
large randomized studies revealed overall survival
improvement with marrow-supported HDCT as
against more conventional treatment modalities.
The goal of HDCT with PSCT is to achieve
good treatment response and thus to improve the
long-term prognosis of several malignancies [21]. In
the past high-dose chemotherapy supported by
peripheral stem cell transplantation has proved to
be at least as effective as treatment supported by
bone-marrow transplantation, while costs are lower
and side-effects fewer [22—25]. Due to the high
costs of bone marrow-supported intensive che-
motherapy many studies have analyzed the mobili-
zation of peripheral stem cells and compared the
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Figure 1. Box plot figures for direct health care costs between the two treatment groups. The boxes indicate the lower and upper quartiles
and the central spot is the median. The upper end of the bar is the maximum and the lower end the minimum value.

cost-effectiveness of autologous bone-marrow trans-
plantation to peripheral stem cell transplantation
[21,22,26—-28]. Also in this Scandinavian adjuvant
high-dose chemotherapy study peripheral stem cells
mobilized by leukocyte growth factors were used as
a general treatment strategy. On the other hand
over half of the direct health care costs in group A
were attributable to the use of filgrastim.

A combination of cytotoxic drugs and leukocyte
growth factors (granulocyte colony-stimulating fac-
tor, G-CSF; granulocyte macrophage colony-stimu-
lating factor, GM-CSF) is the most effective
treatment for the mobilization of stem cells [26].
The use of growth factors both for mobilization and
after re-infusion of the stem cells [22,28-30] has been
shown to reduce treatment costs: the hospital stay is

shorter and the need for blood products and anti-
biotics is reduced. High concentrations of CD34 +
cells in the graft have also been shown to reduce
treatment costs [22], which emphasizes the role of
effective mobilization. The amount of CD34 + cells
required in this trial was over 2 million cells/kg, which
was the case in every patients treated in group B.

Stem cell transplantation is an expensive form of
treatment. Its efficacy has been established in several
malignancies, especially in the treatment of lympho-
mas [30], while in the treatment of early and
metastatic breast cancer it has not produced a
superior outcome. Recently, however, growth fac-
tor-supported chemotherapy regimens given with a
dose-dense strategy have resulted in overall survival
gain [31].
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Figure 2. Box-plot figures for the costs of the use of leukocyte growth factor between the groups. The boxes indicate the lower and upper
quartiles and the central spot is the median. The upper end of the bar is the maximum and the lower end is the minimum value.
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Figure 3. The cost-effectiveness plane with direct health rate costs (vertical axis =incremental direct health care cost, €; horizontal axis =
incremental effectiveness, survival days gained). In 84% of simulated cases treatment B was both more costly and less effective (Quadrant I),

and in 16% more costly, but more effective (Quadrant II).

According to the present prospective study the
mean direct health care costs of the adjuvant
treatment were significantly higher in the HDCT +
PSCT group (group B) than the tailored and dose
escalated FEC with growth factor support (group
A). The main reason for this was the higher number
of hospital days in group B, which is in accord with
studies in lymphomas treated with high-dose che-
motherapy with stem cell support. In contrast to the
costs of chemotherapy, those incurred by radio-

therapy were closely similar in both groups, account-
ing only for 5% of total treatment costs at the
oncology unit. Radiotherapy has been shown to be
cost-effective in the curative and palliative treatment
of several malignancies [4]. In addition, radiotherapy
delivered with modern techniques has been shown to
reduce local recurrences and to improve overall
survival [23].

Treatment B produced more survival days than
treatment A within the 5-year follow-up period, but
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Figure 4. The cost-effectiveness plane with total costs (vertical axis =incremental total cost, €; horizontal axis =incremental effectiveness,
survival days gained). In 74% of simulated cases treatment B was both more costly and less effective (Quadrant I), in 14% more costly and
more effective (Quadrant II), in 10% less costly and less effective (Quadrant III), and in 2% of cases less costly and more effective

(Quadrant IV).
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Figure 5. The cost-effectiveness acceptability curve for treat-
ment B.

the difference was not statistically significant. Sensi-
tivity analysis confirmed this conclusion (the 95% CI
of the difference included zero). However, sensitivity
analysis also suggested that treatment A would be a
strongly dominant alternative (less costly and more
effective) in 84% of cases. Considering productivity
costs as well reduces this percentage to 74, but in
only 2% would treatment B be strongly dominant.
Given the controversial nature of measuring and
valuing productivity costs more emphasis should be
placed on results based on direct health care costs.
Also the cost-effectiveness acceptability curve for
treatment B indicates that at any reasonable level of
willingness to pay for an extra survival day, the
probability of treatment B being acceptable is low.
Cost analysis and pharmacoeconomics have
proved to be very important tools in analyzing the
cost-effectiveness and efficiency of oncological inter-
ventions [31-36]. According to a recent survey of
the cancer costs in Europe the direct costs for cancer
from the total health care costs varied from 6.5 to
7% (from 587 to 1253 million €) in Nordic coun-
tries [37]. In Sweden in year 2002 the inpatients
hospital care dominated being 74% of the cancer
health care costs, while the cancer drug costs at the
same time counted only 10% of the costs [37]. In
addition the lost working years in Germany due to
breast cancer were 65 years in year 2002. Based on
all these cost analyses it is very important to have
effective outpatient adjuvant breast cancer treat-
ments. In addition in a recent study by Kievit et al.
[38] the new guidelines of the adjuvant treatment of
breast cancer have affected the number of patients
eligible to adjuvant studies and the cost-effectiveness
ratio of about 4837 € per life year gained is well

within the range of values that are generally con-
sidered acceptable. In our study HDCT with PSCT
(group B) was significantly more costly than dose-
escalated FEC with growth factor support (group
A), when direct health care costs are considered,
even though over half of the costs in group A
comprised of costs of growth factors. In a majority
of cases the tailored and dose-escalated FEC seems
to be less costly and more effective than HDCT with
PSCT as adjuvant treatment of breast cancer.
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