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The aim of the study was to perform a cost-effectiveness analysis of a breast cancer (BC) mammography screening
programme, compared to a do-nothing alternative, In Spain. Screening consisted of a biennial mammography
performed on all women 50-65 years old. A marginal analysis including women 45-49 years old was also performed.
With the aid of a decision tree model, the numbers of BC cases diagnosed through screening, BC cases missed by
screening and false-positive BC cases were calculated. Costs were calculated by feeding local data into Markovian
models and the cost-effectiveness ratio calculation was performed in a computer spread sheet. A sensitivity analysis
was also conducted. Results were presented in ECUs of 1993. The cost-effectiveness ratio per avoided death is
115,500 ECUs and per saved life year 7,300 ECUs. Including women 45-49 years old in the programme raises this
ratio to 229,000 and 9,400 ECUs respectively. The sensitivity analysis showed the efficacy of mammography,
compliance of the programme and screening costs to be the more sensitive variables.
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Breast cancer (BC) is the leading cause of death due to
cancer among Spanish women and specific rates of mor-
tality have shown an upward evolution from 1953 to
1986.1'2 Several risk factors associated with this disease
are known, however, most of them are not easy to modify.
Since survival is related to diagnosis and treatment of the
disease in early stages,4 early detection is crucial to
achieve a reduction in mortality. Three major procedures
are currently used to reach an early diagnosis: breast
self-examination, examination by a health professional
and mammography. As will be discussed, only the latter
has been shown to be effective in reducing mortality,
although some debate exists about the ages at which it
should be started and discontinued and about the optimal
time interval between examinations.
The aim of this study was to participate, with an economic
evaluation, in the wide debate concerning breast cancer
that is currently taking place in Spain. We decided to
evaluate screening procedures of proven efficacy in terms
of mortality reduction, shown through randomized clin-
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ical trials. We evaluated, in terms of a cost-effectiveness
analysis, a breast cancer screening programme based on
mammography, versus the alternative option of treating
only those cases already symptomatic or incidentally
found (i.e. die current practice). We designed a model
inspired in a programme that is currently being conducted
in the Spanish Autonomous Community of Navarre.
Navarre is a northern region, which has an extension of
10,000 km2, a population of 500,000 inhabitants and a
$ 13,000 per capita income. We gathered data from this
programme and also from other relevant sources. The
model was then applied wifii a nation-wide scope. Effect-
iveness was measured either as saved years of life or
avoided deaths and only costs to die health system were
considered.

MATERIAL AND METHODS
Decision-analysis model
To perform the cost-effectiveness analysis a decision tree
was designed (figure I) where 2 alternative options were
compared:
• no screening programme, which is the current practice

in most parts of die country and
• a mammography screening programme through per-

sonal appointments, with most women between 50 and
64 years old.

The programme simulation was done on a computer
spread sheet, beginning with the cohort of women in the
above-mentioned age range and incorporating or exiting
every year considered a new cohort of women 50 or 65
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Figure 1 Decision tree for companson of screening and non-screening alternatives

years old, from the first year and during the 25 years that
the simulation lasts (since it is necessary to set a time limit
to perform the economic analysis). Moreover, a marginal
analysis was conducted to assess inclusion in the pro-
gramme of women 45-49 years old.
The former were chosen because of the proven efficacy of
mammography for that age group, the latter being die
group of women included in die programme conducted in
Navarre. The time between serial mammographic screen-
ings was set at 2 years and a single-projection mammo-
graphy was offered. Data were obtained from die 1991
Spanish Population Registry. Since data until die year
2015 are needed, projections were done based on age-
adjusted mortality rates • (tables I and 2). Populations
were stratified by age cohorts.
In diis model, 4 possible categories were defined:
• women in die population registry diat can be appointed

for mammography,

• women on whom mammography is performed (widi or
widiout breast cancer, true positives, false negatives,
true negatives and false positives),

• women who do not attend screening (witli or widiout
breast cancer) and

• women who have died due to breast cancer or other
causes.

Each category comprises a number of women for each age
cohort and for each year of duration of die programme.
Categories such as 'cancer' or 'deadi' were considered end-
points to die effects of repeated screening in die following

Table 1 Spanish population pyramid for women 45—64 years old
m 1991 (per 100,000)

Age
(years)

General
mortality

Number rate

Breast cancer
mortality rate

average
(lowest-highest)

Breast cancer
incidence rate

average
(lowest-highest)

45-49

50-54

55-59

60-64

1,101,184
1,005,080

1,114,822

1,103318

167
278

410

635

26 (25-29)

37(33-40)

52(48-57)

64 (55-70)

144

127

128

161

(106-184)
(110-140)

(118-140)

(137-180)

years, while 'healdiy' and
'false positive' stayed widiin
die model, according to pro-
gramme compliance and
while diey were 64 or less
years old. The time period for
moving between non-end-
point categories was 1 year.
The number of breast cancer
patients detected by screening
depended on die population
of susceptible women, pro-
gramme compliance, test
sensitivity and age-adjusted
cancer incidence. The num-
ber of cancer patients not de-
tected by die programme de-
pended on die values of
coverage and incidence. The

number of false-positive cases depended on die expected
incidence, compliance of die programme and test specificity.

Data and assumptions
The sensitivity of mammography was estimated to be
0.90, the specificity was set at 0.985"7 and effectiveness at
0.24, as measured by die percentage of breast cancer
mortality reduction8 (table 3). Programme compliance
was set at 70%. The general mortality rates and specific
breast cancer mortality rates are shown in table I. The

Table 2 Projected number of women 45 or 50 years old from
1992-2015

Year Number 45 years old Number 50 years old

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

222,319

247,721

252,184

241,286

234,792

238,961

248,956

246,341

248,474

257,139

262,045

279,238

283,074

287,352

290,941

286,343

290,516

302,844

313,971

311,703

306,654

315,535

306,892

307,713

181,242

206,831

232,688

228,529

245,646

220,455

245,644

250,069

239,262

232,823

236,957

246,868

244,275

246390

254,983

259,848

277391

280,700

284,942

288301

283,942

288,080

300304

311338

Source: Elaboration from table t
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mortality was calculated from cohort size and mortality
rate.
Sensitivity analyses were conducted using the highest and
lowest values. Each cohort was subjected to its yearly
mortality risk, which includes that caused by breast can-
cer. In this regard, all deceased women were subjected to
the risk of belonging to the remaining 3 categories even
though they died throughout the year. This causes a slight
overestimation of the population by the end of each year,
but the additional sophistication of the model that would
be needed to avoid this was not considered to be worth-
while.

The efficacy of mammography was extrapolated from
relevant studies (table 3), considering those in which it
was performed on women of similar ages and with similar
time intervals.8'10 It was measured as avoided deaths and
saved years of life. This reduction in mortality is evident
within the first 6 years of the programme for women 50
years or older and from the ninth year for women younger
than 50 years and lasts for at least 12 years after the
programme has ended. It varies according to age and
programme coverage. Saved years of life were calculated
from the mortality decrease due to screening and actual
life expectancy. Figures of avoided deaths were presented
undiscounted and also discounted at 6%.
The benefits derived from a mammogTaphy screening
programme stem from an earlier diagnosis of BC, at a more
limited stage and with greater chances of complete remis-
sion. This saved time was initially intended to be meas-
ured in terms of months, 1 year or 2 years. However,
uncertainty about the average saved time and results from
the sensitivity analysis (which demonstrated almost no
changes in the final results) made us choose a simplifica-
tion of the model in such a way that the annual number

Table 3 Data an assumptions used for cost-effectiveness analysis

of cases of BC was similar to the expected incidence since
the beginning of the programme.
To gather all necessary data, we combined several in-
formation sources, including the aforementioned Navarre
Screening Program, Guipuzcoa (a nearby province) Can-
cer Registry, National Epidemiology Center, National
Statistics Institute, Fundaci6n Jimenez Dfaz Hospital and
results from several studies conducted in Sweden.8'9

Costs calculation
m Programme costs
Only direct costs to the health system were considered.
Costs generated by screened women (transportation, loss
of working hours, mammography-associated intangible
costs) were not taken into account. The costs were di-
vided into fixed (independent of the number of screened
women) and variable (depending on that number). Fixed
costs include human resources, advertising, information
and amortizations. Variable costs include repairing and
maintenance of mammographic equipment, X-ray film,
travelling expenses, stationery, training activities, other
activities and other expenses (table 4) . The average cost
per screened women depended on programme compli-
ance and was set at 27 ECUs. All these data were taken
from the Navarre Screening Programme. These costs
include those derived from diagnosis and treatment of
mammographic screening-induced tumours. The risk for
women having a yearly mammography is 150 per
1,000,000,12~^which in our model accounts for a total of
225 tumours with an updated cost of 46,406 ECUs per
year.

• Diagnosis-associated costs
Diagnostic processes and diagnostic costs depend on how
BC presents and tend to be lower in women diagnosed
through mammography. Also, false-positive women un-
dergo less diagnostic tests once BC has been ruled out.

Variable

Sensitivity

Specificity

Compliance

Efficacy according to
age (years)

45-49
50-54
55-59
60-64

Costs

Treatment costs*

Diagnostic costs"

Treatment costs

Diagnostic costs

Diagnostic costsc

Cost per screened
woman

Mean value Range

0.90
0.98
0.70

0.13
0.29
0.29
0.06

3378
631

2,699
454
176

27

a: Cost per non-screened woman

0.71-0.90
0.94-0.99
0.60-0.85

03 7-0.00
0.43-0.11
0.44-0.09
0.40-0.00

3^78-5,493
455-631

2,699-4,109
275-454

23-31

b: Cost per screened woman
c; Cost of diagnostic evaluation of false-posinve cases
All costs arc in ECUs referred to 1993

Reference

5,7
5,6,7

9

8,10

9,11
9,11
9,11
9,11

Thus, 3 diagnostic cost categories exist: BC diagnosed
1 1 1 *• 1 ) T*^/""^ 1 C 1 • •

through mammography, interval BC and false-positive
BC. Since the numbet of tests performed depends on the

Table 4 Annual costs of screening programme (in million ECUs)

Fixed costs Variable costs

Human resources 19345 Repairs and
maintenance 2,629

Advertising and
information 3,265 X-ray film 1,857

Initial investments
amortization 1,733 Stationery 855

Start-up cost
amortization 362 Travelling expenses 1,030
Computer hardware
amortization 185 Other expenses 144

Training activities 43

Other acuvities 265

Total fixed cost 24,892 Total variable cost 6,826

Total annual cost* 31,765

a. Includes mammography-induced rumour costs, estimated
at 46,405 ECUs/year
Source; Navarre Breast Cancer Screening Programme
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Figure 2 Decision tree for calculation of BC treatment and follow-up costs

Table 5 Diagnostic costs (in ECUs)

Diagnostic category Probability Procedures

tumour stage, the highest
and lowest costs were con-
sidered, which included all
possible tests or only chest
X-ray and bone gamma-
graphy as extension dia-
gnosis tools. Diagnostic pro-
cesses and their associated
costs are shown in table 5. To
perform a cost-effectiveness
analysis the highest costs
were used, since current ten-
dencies are toward perform-
ing a high number of tests.
• Health care costs
To calculate BC treatment
and follow-up costs, a de-
cision tree based on Mark-
ovian models was used (de-
cision trees computer
program SMLTREE, copy-
right Jim Hollenberg, 1989).
This programme allows the
design of a dynamic model in
which the different stages of
the disease occur according
to predefined probabilities.
This process simulated a co-
hort of women diagnosed as
having BC. According to
lymph node involvement, 4
stages of the disease were
considered. This is depicted
in a tree-like structure with
its branches representing the
possible stages (figure 2).
Each stage had its own sur-
vival and costs associated.
This simulation, named

Unitary cost Average cost Lowest cost

Natural evolution
Unilateral discharge

Bilateral discharge

Non-palpable mass

Palpable mass

Diagnosis/staging

Screening

False positive

0.037

0.003

0.18

0.78

631 455
Medical care, mammography, galactography 136

Medical care, mammography, cytology, prolactin 226
levels, sella turcica X-ray, CT scanning

Medical care, mammography, localizing X-ray, 228
needle biopsy

Medical care, mammography, ultrasonography, 211
needle biopsy

Biopsy, hormone receptor assay, 420
carcinoembryonic antigen, chest X-ray, bone
scanning, liver ultrasonography, CT scanning,
biochemistry

Needle biopsy, biopsy, hormone receptor assay, 454
carcinoembryonic antigen, liver gammagraphy
and ultrasonography, CT scanning, biochemistry

Needle biopsy, biopsy 176

454

176

275

176

Source: Jimenez Dfaz Foundation analytical accounting
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Monte Carlo,15'16 entered cohort patients into the tree 1
by 1, in different branches according to pre-set prob-
abilities. The tree is a dynamic and recurrent model in
which time is represented by cycles (1 cycle is 1 year). The
structure of the first cycle is repeated in each new cycle
until the simulation ends, changing the value of the
variables. Simulation ended when the whole cohort had
reached any of the considered end-points. One of them is
'death' and die other die considered follow-up limit,
'end'. The process stopped when all the patients reached
1 of these end-points. Results were presented as the aver-
age cost per patient. With the aid of this decision tree, an
average cost of lifelong treatment and follow-up of a
cohort of women with BC is calculated. Disease stage
distribution is taken from the Navarre programme. An
average cost was also calculated for women who do not
attend screening, with stage distribution taken from the
Guipuzcoa Cancer Registry. The variables remained un-
changed except for stage distribution, since this is favour-
ably affected by an earlier diagnosis. The mean survival
rates associated with each stage were taken from the
Guipuzcoa Cancer Registry (table 6). Since this offered
only 10 year survival, a proportional extrapolation was
made considering survival from 10 to 100 years, this latter

Table 6 Distribution by stages and associated survival

Stage

1

Ha
lib
Ilia

Illb

IV

EU Source:
b: Source:

With
programme"

%

64.7

21.1

12.4

0.7
0.7
0

Without
programme

%

13.1

25.0

23.6

14.4

14.4

9.1

Navarre Screening Programme
Guipuzcoa Cancer Registry.

5 year
survival

%

88
74
72
55
39
15

10 year
survival

%

75
59
49
43
12
0

value being 0. Distribution by stages was also taken from
the Guipuzcoa Cancer Registry and from the Navarre
Screening Programme (table 6). Non-classified cases were
proportionately assigned to all stages. Moreover, a vari-
able was introduced in both alternatives representing
hospital admissions due to complications indirectly re-
lated to the disease and its treatment. These exist but are
very difficult to quantify, since admissions are registered
by diagnoses not related to BC. The model simulated 15
cycles. Costs associated with each stage were included in
3 categories: surgery costs, follow-up costs and associated
therapies costs (table 7). Surgery costs are those directly
related to surgical intervention, whatever procedure is
performed. Follow-up costs include follow-up visits and
related diagnostic tests. Associated therapies are chemo-
dierapy, radiation therapy and hormone therapy. Since
chemotherapy and hormone therapy administration de-
pend on menopausal status, lymph node involvement and
hormone receptor presence or absence, costs were
weighed according to these factors and estimated for both
evaluated options. Therapeutic protocols were based on
current literature and an expert pannel opinion. ' The
basic costs calculation model was assigned a discount rate
of 6% and the model which included admissions due to
complications of advanced stages was assigned 3 and 6%.
The latter was the one used for cost-effectiveness analysis.

Cost-effectiveness analysis
As already mentioned, the cost-effectiveness ratio calcu-
lation was performed with the aid of a dynamic compart-
mental model simulated in a computer spread sheet. It
allowed the integration of the following parameters:
screening costs, diagnostic costs, mammography sensit-
ivity and specificity, health care costs, discount rate and
potential efectiveness of the evaluated programme, meas-
ured by avoided deaths or saved years of life. Future costs
and benefits were updated at a 6% discount rate.
The cost-effectiveness ratio is calculated as the additional
or net incremental cost per life year saved or avoided

Table 7 Cost of breast cancer treatment (in ECUs)

Type Procedures Average cost

Surgery

Follow-up

Adjuvant therapy

Radiotherapy

Tumourectomy

Mastectomy

First year

Second and third years

From fourth year

With programme

Without programme

5.5 day admission, 1 h. surgery room, blood count, biochemistry, biopsy,
ECG, skin microscopy 1,293

10 day admission, 2 h. surgery room, blood count, biochemistry, biopsy,
ECG, mammography, chest X-ray, skin microscopy 2,459

4 out-patient visits, 3 blood counts and biochemistries, mammography,
breast ultrasonogram and needle biopsy (if tumourectomy); optional CT
scanning and liver or bone gammagraphy 286

2 out-patient visits, blood count, biochemistry, mammography, breast
ultrasonogram and needle biopsy (if tumourectomy), chest X-ray;
optional CT scanning and liveT or bone gammagraphy 257

Yearly out-patient visit, blood count, biochemistry, mammography,
breast ultrasonogram, needly biopsy (if tumourectomy), chest X-ray;
optional: CT scan, bone or liver gammagraphy 247

Hormone therapy, chemotherapy 774

Hormone therapy, chemotherapy 897

25 sessions, 1% needing 8 day admission 576

Source: Jimenez Diaz Foundation analytical accounting
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death with the screening programme, in comparison with
the no'programme alternative. For women 45—49 years
old, a marginal analysis was performed and the results are
presented as marginal costs of avoiding a death or saving
an extra year of life.

Sensitivity analysis
Sensitivity analysis was performed in those cases in which
there was uncertainty regarding the validity of data. Since
the aim of the programme was to reach an earlier dia-
gnosis, this saved time was intended to be measured in
terms of months, 1 year or 2 years. As already mentioned,
a sensitivity analysis was also performed regarding this
point.

Besides the basic scenario, 13 more possible scenarios are
shown. In these, the following variables were changed:
highest incidence and mortality associated with BC, pro-
gramme compliance (60 and 85% instead of 70%), spe-
cificity (0.99 or 0.94 instead of 0.98), highest and lowest
efficacy (several values depending on age groups) and a
discount rate of 3%. Diagnosis costs, as stated, were ex-
tremely variable and were also subjected to sensitivity
analysis. Two additional scenarios combining the highest
and lowest values of several variables are presented. Res-
ults are presented both as additional cost per avoided
death and saved years of life. The former is also presented
both discounting and not discounting avoided deaths.

RESULTS
The biennial mammography screening programme strat-
egy generates, in all analysed scenarios, an additional cost
per avoided death as well as per life year saved when
compared to the no-screening alternative. For the base
scenario assumptions (table 8), the net cost of the pro-
gramme during the 25 years it lasts would be 504 million
ECUs (compliance 70%), 20% of that amount being costs
associated to false-positive cases evaluation. The cost-
effectiveness is 115300 ECUs per avoided death dis-

Table 8 Cost-effectiveness analysis results (in thousands of ECUs)

counted and 7300 ECUs per life year discounted. The
slight economic advantage due to the smaller costs of BC
cases detected through screening mammography is out-
weighed by programme implementation and mainte-
nance costs. The marginal cost stemming from the incorp-
oration of women 45-49 years old is 229,000 ECUs per
avoided death and 9,400 ECUs per saved year of life.
The programme could diagnose, with base compliance,
74,000 BC cases, with a per case cost of 7,230 ECUs. An
additional 62,000 cases would escape screening. Early
detection could avoid 3 deaths due to BC among every
1,000 women over the 25 years the programme lasts.
The sensitivity analysis results (table 9) show that the
most sensitive variables are, in decreasing order, efficacy
of mammography, specificity, compliance, screening
costs, mortality and incidence, discount rate, diagnosis
and treatment costs and sensitivity. The results for the
combination of the several highest and lowest values
range from 300 ECUs per life year gained in the most
favourable option and without discounting, to 48,000
ECUs in the most unfavourable option and with dis-
counted effects.

DISCUSSION
In this study, an economic evaluation using a cost-effect-
iveness analysis technique was performed in a breast
cancer screening programme based on mammography.
The aim of screening programmes is to reach an earlier
diagnosis of breast cancer and, hence, to find the disease
at a more limited stage which is associated with a higher
chance of survival.4 Three major techniques are currently
used: self-examination, examination by health personnel
and mammography. We chose to evaluate a technique
whose efficacy was confirmed through controlled and
randomized clinical trials.

Several studies have evaluated the impact of mammo-
graphic screening on survival. The Health Insurance Plan

Costs

Screening

Diagnosis

Treatment and follow-up

Total

Effects

Deaths due to breast cancer

Life years saved

Cost-effectiveness

Per avoided death (not discounted)

Per avoided death (discounted)

Per saved life year (not discounted)

Per saved life year (discounted)

a: Includa faUe-posmve case: diagnostic com

With screening

504,021*

35,983

202,544

743,202

92,490

223,751

38.4

115.5

2.1
7.3

Without screening

42,516

227,606

270,122

105,810

Difference

504,021

-6,533

-25,062

472,426

13,320

223,751

Marginal analysis
(women 45—49 years)

166,630

-2,126

-8,155

156,349

682

17344

229

9.4
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(HIP) study,1''18 conducted in die New York Metropol-
itan area, randomly assigned women to yearly mammo-
graphies during a 4 year period or to usual health care.
Survival in screened women improved by 29% at die 10
year follow-up. There was an early improvement in sur-
vival for women 50-59 years old, a slight improvement
for women older than 60 years and no effect for those less
than 50 years.1' The Swedish two-county study evalu-
ated screening with single-projection mammography in
women 40-74 years old, performed every 2 years in
women 40-49 years old and every 33 months in women
older than 50 years. A reduction in mortality of 31% was
shown at 5 and 9 years in the screened group, but it was
restricted to women older dian 50 years. The Malmd
study10 offered initial two-projection mammography fol-
lowed every 18-24 months by single- or double-projec-
tion mammography to women 45-69 years old. In fact it
showed an increase in mortality for screened women
during the early years. Survival rates were lower for
women younger than 55 years, and decreased by 20% for
those older than 55 years. However, these results were
biased by die high number of women from the control
group who underwent mammography. The BCDDP
study21"23 lacked a control group, but compared to his-
toric controls,^ screened women had higher survival
rates at 5 years. The main controversies regarding mam-
mography are its efficacy on women younger than 50
years ' " • " - ' and die optimal time interval between
serial examinations.28

Screening costs used in this study are those corresponding
to die Navarre Screening Programme. The geographic
characteristics of diis area made it necessary to use 2
mammography units, 1 of diem itinerant and to make
personal appointments widi all screened women. This
allows a maximal performance of botii units and a high
compliance with the programme.29'30 Extrapolation of
diese parameters to different geographic areas can cause
serious bias of die final results.

Table 9 Sensitivity analysis results

Only direct costs to die health system were taken into
account and costs generated to attending women were not
considered. Indirect costs such as the lack of productive
capacity of women were not considered. Inclusion of
indirect effects in economic evaluation is a matter of
ethical controversy, since it can discriminate negatively
the non-employed population and since effectiveness is
measured as gained life years, a double accounting could
be performed by adding up benefits of more productive
years in die numerator of die cost-effectiveness ratio.
Some programme-associated costs are of great importance
but very difficult to quantify and are dius named intangible
costs. These include die loss in quality of life due to die
mammography itself, anxiety, depression, loss of self-
esteem and of body image, fear of disfiguration and sexual
dysfunctions - all of which reduce the effectiveness of the
programme. A wider approach such as cost-utility ana-
lysiŝ  could overcome diese limitations.
In addition, in the absence of screening programmes, it is
likely that some mammographies would have been per-
formed widi screening and not diagnostic purposes; die
related costs would have to be subtracted from die screen-
ing programme costs. Since these figures are extremely
difficult to ascertain we did not make diis correction;
however, it is estimated diat it could represent a 20%
reduction in screening programme costs.32

A defined diagnostic and dierapeutic protocol was con-
sidered, which included no indirect or intangible costs.
However, no single diagnostic or therapeutic approach
exists and this makes comparisons between studies more
difficult. Some audiors have suggested diat die main
determinant of treatment is die physician rather than
type or stage of cancer.31 Treatment with a screening
programme is less expensive since late stages of the disease
are likely to generate higher costs.
A discount rate has been applied to bodi die costs and
results. Initially a 6% value was used, but decreasing
interest types make lower rates more realistic. In this way,

Scenario

Base

1

2

3

4
5

6

7

8

9

10

11

12

13

Breast cancer
mortality

Average

Lowest

Highest

Average

Average

Average

Average

Average

Average

Average

Average

Average

Lowest

Highest

Breast cancer
incidence

Average

Lowest

Highest

Average

Average

Average

Average

Average

Average

Average

Average

Average

Lowest

Highest

Compliance
%

70
70
70
60
85
70
70
70
70
70
70
70
60
85

Costs

Average

Average

Average

Average

Average

Average

Average

Average

Average

Average

Lowest

Highest

Average

Average

C/E(ND): cc«-effecdveness, effects not discounted, in thousands of ECUs
C/E (D): cost-effectiveness, effects discounted, in Iihousands of ECUs

Specificity

0.98

0.98

0.98

0.98

0.98

0.94

0.99

0.98

0.98

0.98

0.98

0.98

0.94

0.99

Efficacy

Average

Average

Average

Average

Average

Average

Average

Lowest

Highest

Average

Average

Average

Lowest

Highest

Discount rate
%

6
6
6
6
6
6
6
6
6
3
6
6
6
6

C/E
(ND)

2.1
2.6
2
2.9
1.6
3.2
2
6.9
1.5
3.2
2J
2.2

13.3

03

C/E
(D)
73
9
73

10
5.6

11.2

7.2
24.7

53
6.9
8
7.6

48
1



Efficiency of breast cancer screening

a 3% rate was also analysed, the result being an important
increase in programme costs of approximately 39%. How-
ever, when saved life years were updated according to the
discount rate, die cost per avoided deadi was lower for 3%
than for 6% (6,900 versus 7,300 ECUs). This can be
explained by die lower decrease in die value of each
death, which happens in a time horizon wider dian the
programme, when discounting at 3%.
The results were always more favourable for women of
50-64 years of age than for women of 45—64 years of age.
The explanation is straightforward: screening costs are
higher and screening effectiveness is lower for the ad-
ditional group. Similar results were obtained elsewhere.33

The marginal costs of widening die programme scope to
diis age group are 229,000 ECUs per avoided death and
9,400 ECUs per gained year of life, in die base scenario.
The sensitivity analysis results are similar to diose ob-
tained by Gravelle et al.34 Efforts aimed at quality control
widi high standards for mammography and its interpreta-
tion, optimal performance of mammography units and
high compliance, will all guarantee a higher programme
efficiency. Medical diagnostic and dierapeutic costs do not
seem to be very determinant. The current tendencies of
incidence and mortality1 could yield a slightly better cost-
effectiveness ratio, if odier variables remain unchanged.
There are very few published studies on breast cancer
screening programmes, and diey are very difficult to com-
pare since die design, included costs, discount rates and
economic evaluation techniques are different. A recent
review of 13 cost-effectiveness studies^ showed tliat 1
gained year of life ranked in cost from 688 to 34,600 US
dollars in 1987 (approximately 790-39,800 ECUs in
1993). Low-cost studies tended to be limited to screening
and biopsy and did not consider treatment or odier costs.
Our study estimated that die cost per gained year of life
was 7,300 ECUs as referred to 1993.
Some of these evaluations^ were based upon random-
ized controlled studies such as tiie HIP and the Swedish
two-county study. The studies by Van der Maas,37 Mos-
kowitz3" and White et al. are methodologically similar
to ours. Van der Maas37 collected data from Swedish
studies and from odiers conducted in Utrecht and
Nijmegen, The Netherlands. Women 50-70 years old
were screened every 2 years. The screening cost included
die time and travelling costs generated by die women. It
also included diagnostic costs of true- and false-positive
cases and die costs of treatment, surgery, adjuvant ther-
apies and treatment of advanced-stage disease. Among
die effects of the programme, generation of employment
was considered. The lengdi of die programme was 25
years. All costs and effects were discounted at a 5% rate,
widi a sensitivity analysis considering 0 and 7% rates. The
results were expressed as cost ratio per gained year of life
(9,700 florins or 5,200 ECUs in 1993) and per avoided
death (102,000 florins or 55,000 ECUs in 1993). A re-
cently published meta-analysis on most known random-
ized trials40 has been criticized because it integrates quite
heterogeneous studies, some of which include physical
examination in addition to mammography.4

The usual care options are changing over time, in Spain
as well as in many other countries and, thus, cost-effect-
iveness ratio values can be misleading when a wide pro-
gramme time horizon is considered. It is probable diat,
despite all die efforts expended in assessing die efficiency
of a programme such as the one we evaluated, more
clinical research is needed regarding die patterns of stage
distribution according to diagnostic and screening proce-
dures before definite conclusions can be reached. The
healdi effects generated by die Navarre programme may
not be immediately attainable in die rest of Spain. More-
over, it would be desirable to better know die BC incid-
ence rates in Spain, as if rates were lower dian in North
European countries, die programme might be less effici-
ent. In Spain, health resources could be assigned to odier
programmes dealing widi more basic needs, because die
Spanish healdi system, at least in some areas, is not yet as
developed as in odier countries. In our opinion, waiting
for die final results of die Navarre programme (available
in a few years) would be a wise attitude before imple-
menting a similar nation-wide programme, and would
guarantee more efficient utilization of limited public
healdi resources.
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