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Testing for BRCA1 mutations: a cost-effectiveness
analysis

Christine Sevilla', Jean-Paul Moatti', Claire Julian-Reynier', Francois Eisinger'?,
Dominique Stoppa-Lyonnet®, Brigitte Bressac-de Paillerets* and Hagay Sobol*?*°

!INSERM U379, Paoli-Calmettes Institute, Marseilles, France; 2Department of Genetic Oncology-INSERM EPI9939,

Paoli-Calmettes Institute, Marseilles, France; 3Department of Genetic Oncology, Curie Institute, Paris, France;

*Department of Molecular Genetics, Gustave Roussy Institute, Villejuif, France; *Faculté de Médecine, Universite de la

Meéditerranée, Marseilles, France

Breast carcinoma is the most common type of cancer affecting women in the Western world. The
hereditary forms, which amount from 5 to 10% of all the cases of breast cancer, mainly involve BRCA1 or
BRCA2 mutations. Due to the diagnostic strategy used by the patent owner, Direct DNA sequencing (DS)
may become the only BRCA1/2 test procedure available, although there exist several alternative
strategies. A cost-effectiveness study was carried out using BRCA1 testing as a model. The main
techniques available for performing mutation searches were assessed: DS, denaturing high performance
liquid chromatography (DHPLC), single-strand conformation polymorphism (SSCP), denaturing gradient
gel electrophoresis (DGGE), heteroduplex analysis (HA), fluorescent assisted mismatch analysis (FAMA)
and the protein truncation test (PTT). Twenty strategies involving the use of one or more techniques
were then devised for performing the complete genetic analysis. DS was adopted as the ‘gold standard’
for effectiveness. All the strategies except for DS involved a two-step procedure. The first step consisted
of pre-screening the 22 coding exons of BRCA1. The second step consisted of performing DS only on the
variations detected in the coding sequence. The cost of the strategies tested, including a pre-screening
stage, turned out to be 30 to 90% lower than that of DS, whatever annual use was made of the
equipment. The most cost-effective strategy, ie, that corresponding to the lowest cost per mutation
detected, was found to be a combination between PTT on exon 11 (60% of the coding sequence) and HA
on the remaining 21 exons (PTT;1+ HA2;). However, since a high false negative rate is associated with this
strategy, at least four other strategies are worth mentioning: PTT;1+ DHPLC;;, DHPLC alone, FAMA;+
DHPLC;; and FAMA alone. Our results on genetic testing for breast cancer show that DS is not the most
cost-effective method available. The monopolist approach of the firm which owns the patents on the
BRCA1/2 genes, may, therefore limit the use of the most cost-effective strategies.
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Introduction

Breast carcinoma is the most common type of cancer affect-
ing women in the Western world. Hereditary Breast Cancer
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(HBC) is known to account for 5 to 10% of all types of
breast cancer, and 84% of these hereditary forms are
thought to be due to the BRCA1/2 genes."? The lifetime
risk of a BRCA1/2 mutation carrier developing breast or
ovarian cancer ranges on average from 56° to 87%,* and
from 16 to 63%,° respectively. Since the main strategies
used to search for germline mutations are both time-
consuming and expensive and these mutations are not very
frequent in the populations studied so far, genetic tests are
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usually carried out first on the family member with the
highest probability of being a BRCA1/2 mutation carrier
among those who are available. This means that these tests
are usually performed on a patient with breast and/or ovar-
ian cancer. Secondly, since these mutations occur
throughout the coding sequence, it is necessary to analyse
the complete gene. Once the family mutation has been
identified, pre-symptomatic BRCA1/2 diagnosis can be
carried out on other family members to analyse the specific
region of the gene carrying the mutation.

Presently in the United States, patents have been granted
to a company that has opted for testing the BRCA1/2 genes
by directly sequencing the genomic DNA (DS) of both
genes. The same company has applied for the same patents
in Europe. To date three of these patents have been
examined and accepted by the European patent office
(http://www.european-patent-office.org). Alternative strate-
gies involving the use of a pre-screening stage to scan the
entire gene and detect any variants, thus reducing the
region of the gene requiring further characterisation by
DS, have been devised and tested, however, by various
research and hospital laboratories all over the world.

We carried out cost-effectiveness comparisons between
the main alternative strategies available for detecting
BRCA1/2 mutations and the DS method applied to the
entire gene. Since these analytical techniques are similar
in the case of both genes, the present study focused on
the diagnosis of BRCA1 mutations alone as a model.

Methods

Strategies for detecting BRCA1 gene mutations
Alternative strategies (consisting of various combinations
of techniques) were compared with DS as a means of
searching the entire BRCA1l gene for point mutations,
excluding large genetic alterations, by analysing the poly-
merase chain reaction (PCR) products obtained from the
genomic DNA (gDNA) of an index case belonging to a
high risk family. In the present study, we focused on the
type of strategy, but not the mode of organisation of the
laboratory conducting the analysis. We therefore assumed
that the equipment available at the laboratories could be
used to analyse only one set of samples at a time. Conse-
quently, the laboratories were assumed to have no special
battery of equipment. We focused on routine analysis
and excluded large genetic alterations, the exact preva-
lence of which is still unknown but generally assumed to
rate low, and which are at present being dealt with using
other techniques, mostly in a research context. For specific
populations where the prevalence of large genetic altera-
tions is taken to be higher, particularly in case of
founder effect,® local organisation of BRCA analysis could
integrate such techniques. Due to the fragility of messen-
ger RNA (mRNA) and the differences which existed
between the conditions of blood sample collection, trans-
port, and storage, we included only techniques based on
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gDNA. All the alternative strategies tested were based
on a two-step process consisting first of rapidly scanning
part or all of the gene, using pre-screening techniques to
detect any anomalies (variants in the coding sequence).
When any such anomalies were detected, a second
step was carried out, in which the DS was performed
on both strands of the region of interest. Six different
candidate techniques for performing the pre-screening
step were examined: denaturing high performance
liquid chromatography (DHPLC),” single-strand con-
formation polymorphism (SSCP),® denaturing gradient gel
electrophoresis (DGGE),”1% heteroduplex analysis (HA),'!
fluorescent assisted mismatch analysis (FAMA)'?>13 and
the protein truncation test (PTT).'%-1¢

The BRCA1 gene is composed of 22 coding exons, one of
which (exon 11) corresponds to 60% of the whole coding
sequence. Apart from PTT, all the techniques, including
DS of the entire gene, were used to investigate these 22
regions. PTT is generally applied only to analyse exon 11,
because with this technique, it is preferable to use comple-
mentary DNA (cDNA) obtained from the mRNA to test the
smaller exons, and because it is not suitable for identifying
missense mutations that are taken to be deleterious, such as
those involving the ring finger motif comprising exons 2 to
5. With all these techniques, the gene has to be broken up
into fragments and with all of them except for PTT, the 21
fragments corresponding to the 21 small exons of the
BRCA1 gene have to be examined successively. When it
comes to analysing the large exon 11, however, the techni-
ques differ as to the number of fragments required: some of
them (DS, DHPLC, SSCP and DGGE) require a large number
of small fragments (n=14), while others require only a few
larger fragments (n=4 in the case of FAMA and PTT; n=6
in that of HA). Therefore, in addition to the five strategies
consisting of applying the five pre-screening techniques to
the entire gene (except for PTT), and then possibly applying
DS to the specific regions in which variants have been
detected, we tested 14 other strategies based on various
combinations of HA, FAMA or PTT to screen exon 11,
applying other techniques to the remaining 21 exons. The
use of a different technique on exon 11 in the pre-screening
step was envisaged only if this reduced the number of frag-
ments screened. Details of the 20 strategies tested are given
in Table 1.

In our assessment, all 20 strategies used were required to
include the complete genetic testing process, from the
receipt of the patient’s blood sample to the diagnosis.
Whenever a deleterious mutation was identified using any
of the 20 strategies, a second blood sample from the same
patient was analysed in order to confirm the diagnosis. In
the second test, only DS had to be applied to the previously
identified abnormal fragments.

The 20 BRCA1 mutation detection strategies were
compared after testing them on a ‘theoretical’ population
sample (n=10000 individuals) with a 15% risk of harbouring



Table 1 Strategies for performing a mutation search on
the entire BRCAT gene sequence

Strategy”

Sy DS

S,  DHPLC DS¢ if a variant is detected

S3  SSCP DS¢ if a variant is detected

S+ DGGE DSg if a variant is detected

Ss  HA DS¢ if a variant is detected

S¢ FAMA DS; if a variant is detected

S7b HA1 1 +D32]

Sg HA11+DHPLC21
Sg HA11+SSCP21
S10 HA11+DGGE21

S'| 1 FAMA] 1 +DSZ-|
S12 FAMA11+DHPLC21
S'|3 FAMA11+SSCP21
S-|4 FAMA] 1 +DGGE21
515 FAMA] 1 +HA21
S16 PTT11+DSy

517 PTT1-|+DHPLC21
S]g P-|_|-11+SSCP21
S]g PT]—-|-|+DGGE2-|
Sz0 PTTy1+HA

*With all the strategies, if the DSy (DS applied only to the
fragments of interest) of a variant shows the existence of a
deleterious mutation, this analysis (DS¢ of the variant) is repeated
on a second blood sample; PIn strategies 7 to 20, HA, FAMA or PTT
applied alone to exon 11 (HAy;, FAMA,4, PTTy;) are combined
with another technique on the other 21 small exons (DSy,,
DHPLC,q, SSCP21, DGGEy,, HAz).

DSg if a variant is detected on exon 11
DSg if a variant is detected
DS¢ if a variant is detected
DSg if a variant is detected
if a variant is detected on exon 11
DSs if a variant is detected
DS¢ if a variant is detected
DS¢ if a variant is detected
DS¢ if a variant is detected
DSg if a variant is detected on exon 11
DS¢ if a variant is detected
DSg if a variant is detected
DSg if a variant is detected
DSk if a variant is detected
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a deleterious mutation. This 15% probability level is that
corresponding to a woman with breast cancer who has
two first degree relatives with breast cancer;!'” it also
corresponds to the average frequency of the deleterious
mutations observed in clinical series of breast cancer
patients tested for BRCA1.!® We performed a sensitivity
analysis, however, using alternative hypotheses from the
literature as to the frequency of deleterious BRCA1 muta-
tions in the ‘theoretical’ population tested, ranging from
2.5% (a general population of breast cancer patients
without any additional selection criteria)'® to 30% (patients
selected on the basis of early age at cancer onset and the
morphological profile of the tumour)®® or 40% (breast
cancer patients with a history of both breast and ovarian
cancer in the family).!” Based on the data available on the
deleterious BRCA1/2 mutations (http://www.nhgri.nih.gov/
Intramural_research/Lab_transfer/Bic), we also adopted the
hypothesis that 50% of the deleterious mutations were
likely to be detected in exon 11 and the other half in the
remaining 21 exons.

The effectiveness criterion

The total number of deleterious mutations diagnosed in the
population tested using a given strategy was used as the
outcome variable.

Gold standard DS was taken to be the ‘gold standard’. It
is assumed that DS application to the entire gene would
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lead to a 100% detection rate (no false negatives) as far
as substitution mutations (deleterious missense or
nonsense mutations, unknown variants, and polymorph-
isms) and small deletions or insertions were concerned.
Because DS is not technically adapted to identify large
genetic alterations, the detection of such mutations was
therefore not considered in the present study. In addition,
because only genetic alterations leading to truncated
proteins and missense mutations in the ring finger domain
are currently considered as disease associated mutations, it
is assumed for the present study that DS does not induce
false positive.

Other techniques The sensitivity values used for the other
techniques were based on the literature and are presented
in Table 2. The analysis was performed, first, using the
mean sensitivity value, but was also carried out taking the
maximum and minimum values published in the literature.
About FAMA, although the literature gave a very high sensi-
tivity rate (100%), because these results are based on only
two studies,’>3' we decided to evaluate the effect of
decreasing the sensitivity on the cost-effectiveness result.
Thresholds of sensitivity, corresponding to the elimination
of the strategies using FAMA, were then identified.

The false negative rate of each strategy depends only on
the sensitivity of the pre-screening techniques since DS
focused on a fragment containing a possible anomaly
cannot induce false negatives other than large genetic
alterations and possible misinterpretations of sequence
analysis. However these limitations are shared by all
the strategies using DS. The false positives of every pre-
screening techniques are of two types: missense muta-
tions of unknown significance and polymorphisms. Their
subsequent characterisation is then checked by direct
sequencing of the specific region of interest. Therefore we
assumed that no false positives remained after DS.

Additional assumptions were necessary to be able to
calculate how many fragments identified with the pre-
screening techniques justified subsequent DS analysis. In
the case of PTT, these additional assumptions were not
necessary, however, since only protein-truncating muta-
tions can be detected with this technique. The probability
of missense mutations of unknown significance being iden-
tified with the pre-screening methods but not being
subsequently found upon DS analysis of the gene fragment
to constitute deleterious mutations worked out at 3%,
based on the data in the literature.'®*® Concerning the
checking of polymorphism, in a sample of 49 breast cancer
patients tested at the Paoli-Calmettes Institute, only 34 out
of the 118 cases of polymorphism observed necessitated a
DS analysis because the recurrence and the profiles of
several of these variants suggested that they were not asso-
ciated with deleterious values. So we considered that 0.7
polymorphism per individual tested had to be checked by
DS of the area of interest. A sensitivity analysis was
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Table 2 Technical characteristics of the various techniques

Number of fragments per BRCAT gene

Maximum number of fragments

Sensitivity values per fragment®

Techniques Exonl1 Rest Total screened per year” Range References
DS 14 21 35 7378 (86°) 100% Gold standard
DHPLC 14 21 35 25606 (298 [92%; 100%)] 21-26
SSCpP 14 21 35 10416 (121°) [60%; 100%)] 22, 24, 26-28
DGGE 14 21 35 24304 (276°) [80%; 100%] 29, 30

HA 6 21 27 29295 (4739 [74%,; 89%] 24
FAMA 4 21 25 6076 (124 100% 13, 31
PTT 4 - - 11935 (%) 92%° 32

3Corresponding to the 100% activity of the specific equipment required for each technique; "We referred here only to published studies
fulfilling the following criteria: (1) they had to include comparisons between the pre-screening technique and DS, (2) optimum technical
conditions for applying the technique had to be used, (3) in those cases where several studies were available, those in which the technique was
applied to the largest number of fragments were selected; “Equivalent in terms of the number of patients screened for BRCA1/2 calculated on
the basis of the number of fragments screened with each technique for the BRCA1 gene and for the BRCA2 gene, given that DS, DHPLC, SSCP,
DGGE require 51 fragments, HA: 35 fragments, and FAMA: 24 fragments to analyse the BRCA2 gene; “No equivalent is given in terms of the
number of patients because PTT is applied only to exon 11; ®Sensitivity value for protein-truncating mutations only.

performed, however, in which every possible polymorphism
detected by a pre-screening technique was analysed by
performing DS.

Cost assessment

The direct costs were assessed on the basis of detailed
studies carried out at three different laboratories (the Curie
Institute, the Gustave Roussy Institute and the Paoli-Calm-
ettes Institute), all of which use DS and DHPLC, and some
of the other techniques (PTT, FAMA at the first laboratory;
SSCP, HA at the second one; and DGGE at the third one).
The costs were assessed by measuring the physical quanti-
ties of consumable supplies, equipment and labour (in
terms of time spent by the laboratory staff) used in the case
of each strategy. Monetary values were assigned to these
quantities on the basis of the average 2002 prices (in Euros)
obtaining at the three laboratories which participated in
the study.

The following assumptions were made in estimating the
cost per DNA fragment analysed with each technique. Each
type of equipment was assumed to be used to full capacity
(100%) on an annual basis, and the labour force was
assumed to be optimally productive during the number of
working days per year (n=217) imposed by the French legis-
lation. According to these hypotheses, the maximum
number of fragments that could be screened per year per
item of appropriate equipment is indicated in Table 2. A
sensitivity analysis was also performed, however, using
alternative rates (10 to 90%) as far as the use of equipment
was concerned. The annual cost of each piece of equipment
was calculated on the basis of a 20% depreciation rate and a
8% discount rate. With each strategy, the cost of preparing
the blood sample upon receipt and that of the usual proce-
dure used to prepare gDNA from the blood samples was also
included, but the unit costs of these operations were iden-
tical with all the strategies examined. A different unit cost
of gDNA preparation was then used in the case of DS confir-
mation of the diagnosis of a deleterious mutation on a
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second blood sample, since faster techniques can be used
in this case.

Cost-effectiveness analysis

An average cost per deleterious mutation detected in the
population tested was calculated for each strategy. Domi-
nated strategies (ie, strategies where there existed at least
one alternative strategy giving an equal or greater total
number of detected mutations and a lower average cost
per mutation detected) were identified.** The increase in
the cost-effectiveness ratios (the additional cost per addi-
tional mutation detected when switching from one
strategy to another) was also calculated between the
remaining optimum strategies.

Results

Cost of the strategies

Table 3 gives details of the unit cost obtained per DNA frag-
ment analysed with each technique. Not surprisingly, all
the pre-screening techniques, with the exception of FAMA,
were found to have lower unit costs than DS. Most of the
pre-screening techniques are labour intensive, and only a
small proportion (<10%) of their unit cost goes to the
depreciation of the equipment. However, the cost of equip-
ment accounts for a large proportion of the unit cost in the
case of DHPLC and to a lesser extent, FAMA and DS. In
addition, the usual preliminary stages were assessed at 8€
per blood sample, including the cost of preparing the blood
samples upon receipt and performing the usual gDNA
preparation procedure and 9.3€ when a faster method of
gDNA preparation was used.

As the techniques differed as regards the number of frag-
ments they were designed to analyse and the number of
variants that would require a DS characterisation step,
comparing the costs really makes sense only if the complete
analysis of the BRCA1 gene in a given individual is taken as
the basis of the comparisons. In Table 4, the twenty strate-
gies are ranked in increasing order of absolute effectiveness
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Table 3 Cost per fragment with each technique, giving the distribution between cost factors (2002 Euros €)

Cost factor DS DHPLC SScp DGGE HA FAMA PTT
Consumable supplies 16.7€ (57) 1.4€ (36) 3.6€ (58) 1.3€ (29) 1.9€ (63) 7.9€ (29) 7.2€ (79)
Equipment 5.2€ (18) 1.6€ (41) 0.3€ (5) 0.2€ (4) 0.1€ (3) 6.7€ (25) 0.2€ (2)
Personnel 7.2€ (25) 0.9€ (23) 2.3€ (37) 3.0€ (67) 1.0€ (34) 12.6€ (46) 1.7€ (19)
Total cost 29.1€ 3.9¢€ 6.2€ 4.5€ 3.0€ 27.2€ 9.1€

Figures in brackets are percentages of the total cost.

(total number of mutations detected in a theoretical popu-
lation of 10000 patients with a 15% probability of
deleterious mutation). The ‘gold standard’ strategy, invol-
ving the use of DS on the entire BRCA1 gene (S,), is
logically that with the highest absolute effectiveness, but
Table 4 shows that it is also associated with the highest
total costs and the highest average cost of diagnosis per
patient. By comparison, strategies in which pre-screening
techniques are used can reduce the total costs of diagnosis
by 30% (S11) to nearly 90% (Ss). In most cases, this cost
reduction is associated, however, with a loss of absolute
effectiveness, but it is worth noting that two strategies (Se
and S;;) in which FAMA is used as the pre-screening techni-
que can reach similar levels of effectiveness to that which
can be achieved with DS of the entire gene, while costing
less.

Figure 1 shows the impact of alternative hypotheses as
to the annual rate of use of equipment on the average cost
of diagnosis per patient. This figure confirms that DS of
the entire gene is always the most expensive strategy,
regardless of the rate of use of the equipment. It shows
that the average cost per diagnosis starts to increase signif-
icantly at a quite low rate of use (<20%). As was to be
expected in view of the unit cost of analysis per fragment
(Table 3), the only exceptions are the strategies in which
DHPLC is used as the pre-screening technique (see strategy
S, in Figure 1), where the average cost per diagnosis
increases sharply as soon as the equipment is used at a rate
of less than 40%.

Cost-effectiveness analysis

The most cost-effective strategy (Sp) was found to be that
in which PTT was used to screen exon 11 and HA to screen
the other 21 exons (Table 4). In a population with a 15%
prevalence of deleterious BRCA1 mutations, however, this
strategy would yield a large number of false negatives
(13%). Other strategies involving a pre-screening stage
may nevertheless be worthwhile, although they are asso-
ciated with less favourable cost-effectiveness ratios because
they yield fewer false negatives than S,q: this is so in the
case of the strategies involving either a combination
between PTT and DHPLC (S;7) or DHPLC alone (S,), and
those involving either a combination between FAMA and
DHPLC (S1,) or FAMA alone (S¢) which were used to screen
the gene before DS was applied to the regions in which any
variants had been identified.
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Figure 1 Effects of the use of special equipment on the average
cost per analysis of the gene.

Consequently, DS of the entire gene is a strategy (S;)
which was found here (Table 4) to be completely domi-
nated by at least one alternative strategy (Se): screening
the gene with FAMA before applying DS also scored
100% in terms of effectiveness, while being a less costly
and therefore more cost-effective strategy. It can also be
seen from Table 4 that such absolute total effectiveness
can only be reached at the expense of sharply increasing
costs. Switching from S;, (FAMA for screening exon
11+DHPLC for the 21 other exons) to S¢ (FAMA for screen-
ing the entire gene) would entail an increase in the cost
per additional mutation detected in this population of
about 163 000€.

When the sensitivity analysis was performed with alter-
native hypotheses as to the prevalence of deleterious
mutations (from 2.5 to 40.0%) in the target population,
the same cost-effectiveness hierarchy between strategies
was obtained. However, the increase in the costs accruing
per additional mutation detected between the optimum
strategies tended to be lower in the case of populations
where the prevalence of deleterious mutations was greater
than 15%; in a very high risk population (one with a 40%
rate of occurrence of deleterious mutations), the increase
in the cost per additional mutation would be as follows:
745€ when switching from S,o to S;7, 3668€ from S;; to
S,, 6845€ from S, to Si, and 61232€ from S, to Sg.

Using other hypotheses as to the costs, like the
discount rates and variations in the number of poly-
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Table 4 Cost and effectiveness of the various available strategies for performing a mutation search on the BRCA1 gene
ordered by growing effectiveness for a ‘theoretical’ population of 10000 patients with a 15% probability of deleterious BRCA1

mutation (2002 Euros €)

Total number of

Average cost per

Average cost per Additional cost per additional

Strategy Total cost mutations detected  patient analysed mutation detected mutation detected
S3 2541684 1200 254.2 2118.1 -2
So 1880212 1215 188.0 1547.5 -2

Ss 1209312 1230 120.9 983.2 -2
S1o 1528711 1290 152.9 1185.1 -
Sis 2684029 1290 268.4 2080.6 -2
S20 (PTT11+HA21 >DSp) 1267517 1305 126.8 971.3 971.3
Ss 1406010 1335 140.6 1053.2 -2

Sa 2047682 1350 204.8 1516.8 -2
S13 2772682 1350 277.3 2053.8 -
S1o 1586916 1365 158.7 1162.6 -2
Sis 2101782 1365 210.2 1539.8 -2

S7 6572170 1365 657.2 4814.8 -
S17 (PTT11+DHPLC;; —»DSy) 1464215 1410 146.4 1038.5 1873.3
S1a 2421181 1425 2421 1699.1 -2

S2 (DHPLC—DSy) 1754281 1440 175.4 1218.3 9668.9
S1e 6630375 1440 663.0 4604.4 -2
S12 (FAMA;1+DHPLC,7 —»DSg) 2298480 1470 229.9 1563.6 18140.0
Se (FAMA—DSf) 7193680 1500 719.4 4795.8 163173.3
St 7464640 1500 746.5 4976.4 -2

S1 (DS) 10322600 1500 1032.3 6881.7 -

“Strategies that are dominated.

morphisms analysed by DS, did not affect the results of
the sensitivity analysis. Strategies S, and S;, remain opti-
mum whatever the use level of the equipment is for all
techniques. Strategies S;; and S, are not dominated as
far as the use of the specific equipment for DHPLC is at
least 40 and 70%, respectively, regardless the use level
of the equipment for the other techniques. Finally, Se
remains optimum until the specific equipment for FAMA
and DS is used at least at 50%, whatever the activity is
for the other techniques.

Using various hypothetical sensitivity values to indicate
the detection rates of the various techniques (Table 2) has
affected the results in some extreme cases. If the rate of
deleterious mutations in exon 11 detected by PTT is taken
to be lower than 85%, strategies S;o and S;; have to be
eliminated from the optimum strategies. If DHPLC, SSCP
or DGGE are taken to be capable of detecting 100% of
the deleterious mutations (the highest estimated sensitivity
given in the literature), the strategy S¢ in which FAMA is
used will be dominated, and S, S; or S4 will rank higher
than DS of the entire gene. In the framework of this
assumption, the strategies in which either S,, S; or Sy is
used for pre-screening purposes therefore rank as high as
DS on the entire gene in terms of their effectiveness, while
costing less. Because the reported high sensitivity of FAMA
is based on few studies, we have analysed the impact of the
variation of this parameter. As far as FAMA was not asso-
ciated to a 100% sensitivity, S¢ was excluded from the
optimum strategies and DS (S;) could be considered as an
optimum solution. The strategies involving FAMA as a
pre-screening technique for the exon 11 associated to
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DHPLC (S12) or DS (S11) were optimum until the sensitivity
of FAMA reached the one of DHPLC (96%) since this tech-
nique was less expensive.

Discussion

Surprisingly, to date, only a few economic analyses have
been carried out in the field of genetic breast cancer pre-
disposition.®>>*® To our knowledge, the present study is
the first in which it has been attempted to apply cost-
effectiveness analysis to compare various strategies for
DNA testing of breast cancer predisposing genes.

Our analysis shows that the cost of BRCA1 diagnosis on
an index case using DS including the confirmation on a
second blood sample of a deleterious mutation if identi-
fied is very high (1032€ =~ 896 US$ for BRCA1 only).
In contrast, the cost of additional BRCA1 testing on other
family members is lower (76.8€ =~ 66.7 US$). Impor-
tantly, we demonstrate that there exist alternative
strategies for performing BRCA1 diagnosis: pre-screening
techniques such as FAMA and potentially, DHPLC, SSCP
or DGGE, based on the current estimates of their sensitiv-
ity, would minimise the cost of diagnosis while also
ensuring a comparable level of effectiveness to that of
applying DS to the entire gene. Our results show that
other strategies involving a pre-screening stage could be
even more cost-effective (ie reducing three or fivefold
the average cost per deleterious mutation detected in a
population with a 15% prevalence), as long as a higher
false negative rate (ranging from 2 to 13%) is deemed
to be acceptable. Conversely, it can also be considered
that a test which is only performed once in the lifetime,



with major health implications for the patient and his/her
family, the probability of detecting a mutation when it is
actually present (sensitivity) is a crucial parameter. When
deciding about the financial coverage of a particular strat-
egy, health policy makers should therefore pay much
attention to the final consequences in terms of medical
management of women when a mutation is identified
and also taking into account that given the sensitivity
of various strategies, false negatives may exist. Here the
economic evaluation included only the cost and the effec-
tiveness of identifying a first mutation in a family. The
preventive management for mutation carriers, studied
previously,®373% and the consequence of the lack of
specific follow up in false negatives were excluded from
our analysis.

The present assessment admittedly has some limitations.
First, our detailed analysis of the items consumed when
using alternative strategies to perform BRCA1 mutation
searches was carried out at three laboratories in a single
country (France). Further cost studies at additional labora-
tories operating in different countries are now required to
confirm the validity of our estimates. However, the techni-
ques under study are based on standard procedures and
products and the respective costs do not seem likely to vary
greatly from one country to another in the Western world.
Secondly, our ratings of the effectiveness of the strategies
selected were based on the best evidence available in the
literature at the time of the study. But since these techni-
ques are still being improved, their effectiveness will
probably increase in the future. However, we performed
an extensive sensitivity study on all the parameters liable
to affect the results of our cost-effectiveness analysis. The
results suggest that our conclusions are unlikely to be
shaken by additional data, unless further improvements in
the techniques make it possible to achieve economies of
scale and decrease the resulting cost of mutation search.
It is possible that DS may be improved by using for example
a 96 capillary format and the latest software programs to
analyse the sequence data. A similar breakthrough is also
foreseeable in the case of the other automated techniques
selected here as being optimum strategies (DHPLC, FAMA),
whereas no such advances have yet been made as far as the
other techniques (HA, PTT) are concerned. Thirdly, since we
proposed to analyse the performances of the various strate-
gies but not the mode of organisation used at the
laboratories, no battery of equipment such as that which
might be expected to exist at the industrial level was
assumed to be available. New breakthroughs and/or new
modes of organisation can naturally be expected to reduce
the costs and the productivity of all DS, DHPLC and FAMA,
but this will not affect the hierarchy of optimum strategies
in any way. The organisation of BRCA testing in an indus-
trial context would mainly favour rapid delivery, but
would also involve higher initial investments for the test
providers.
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Rapid service is a priority for the follow up of patients
with a high genetic risk, especially if they subsequently
have to undergo prophylactic surgery. In the context of
automated strategies, the time required to obtain results
depends first on the time taken to collect the number of
individuals corresponding to the full capacity of the equip-
ment before starting the analysis and secondly, on the time
taken to complete the analysis on the set of individuals. It
is therefore possible to reduce the ‘time’ factor by reducing
both components. The time required to collect the right
number of individuals depends on the management of
the recruitment area, whereas the most time-saving factor
in the analysis is not the type of strategy, but rather the
mode of organisation, and it will therefore be necessary to
subsequently opt for a battery of equipment capable of
running in parallel and thus of coping flexibly with the
ongoing demand.

It is a well-established fact in various fields where genetic
screening is practised that charging high direct costs to
patients may constitute a major barrier preventing people
from having access to these testing procedures,® and that
health care insurance coverage, whether it is publicly or
privately funded, may greatly facilitate access to these diag-
nostic techniques. Insufficient insurance coverage has
already been identified as one of the main causes of the
slowness with which BRCA1/2 diagnosis is being adopted
in the United States (http://www.geneletter.com/04-01-00/
features/breastcancer.html).*® If the requirements of patent
owners make it impossible to use the most cost-effective
strategies, this may well lead health insurance systems else-
where (especially in Europe, where governmental efforts are
being made to control the escalation of health care expen-
diture) to delay the inclusion of breast cancer susceptibility
genetic testing in their package, even in the case of the
high-risk women who are the most in need of this diagno-
sis.*! Therefore a rational utilisation of health insurance
funds require that a comparative assessment of cost-effec-
tiveness of different diagnostic strategies should be
analysed before the process of reimbursement be definitely
adopted. Our study is the first contribution in this field.
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