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Abstract

Introduction

The organization of health care for breast cancer (BC) constitutes a public health challenge
to ensure quality of care, while also controlling expenditure. Few studies have assessed the
global care pathway of early BC patients, including a description of direct medical costs and
their determinants. The aims of this multicenter prospective study were to describe care
pathways of BC patients in a geographic territory and to calculate the global direct costs of
early stage BC during the first year following diagnosis.

Methods

OPTISOINSO01 was a multicenter, prospective, observational study including early BC
patients from diagnosis to one-year follow-up. Direct medical costs (in-hospital and out-of-
hospital costs, supportive care costs) and direct non-medical costs (transportation and sick
leave costs) were calculated by using a cost-of-illness analysis based on a bottom-up
approach. Resources consumed were recorded in situ for each patient, using a prospective
direct observation method.

Results

Data from 604 patients were analyzed. Median direct medical costs of 1 year of manage-

ment after diagnosis in operable BC patients were €12,250. Factors independently associ-
ated with higher direct medical costs were: diagnosis on the basis of clinical signs, invasive
cancer, lymph node involvement and conventional hospitalization for surgery. Median sick
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leave costs were €8,841 per patient and per year. Chemotherapy was an independent
determinant of sick leave costs (€3,687/patient/year without chemotherapy versus €10,706
with chemotherapy). Forty percent (n = 242) of patients declared additional personal expen-
diture of €614/patient/year. No drivers of these costs were identified.

Conclusion

Initial stage of disease and the treatments administered were the main drivers of direct med-
ical costs. Direct non-medical costs essentially consisted of sick leave costs, accounting for
one-half of direct medical costs for working patients. Out-of-pocket expenditure had a limited
impact on the household.

Introduction

Breast cancer (BC) is the most common cancer in women in France with more than 54,000
new cases and 12,000 deaths per year [1]. BC therefore constitutes a public health challenge
due to the need to organize health care while ensuring quality of care and controlling expendi-
ture. Moreover, BC is a heterogeneous disease, in which treatments, clinical practices and
costs can vary substantially. A care pathway is defined as a patient-focused global care that
addresses temporal (effective and coordinated management throughout the illness) and spatial
issues (treatment is provided near the health territory in or around the patient’s home) [2].
Studying care pathways therefore implies focusing on a specific health care territory and iden-
tifying health care services and resources consumed in the various health care structures. The
BC care pathway is complex, involving several structures, disciplines, actors, technical, organi-
zational and medical innovations. Analysis of BC global care pathways, including health care,
support and treatment, is needed to help patients, heath care professionals and policy-makers.
Clinical pathways can then be used as a tool to standardize processes and improve quality of
care, as previously conducted in other fields of medicine: congestive heart failure, stroke,
asthma, or deep vein thrombosis [3-6]. Most studies on BC care pathways have focused on a
specific phase of treatment, such as surgery [7,8] or radiotherapy [9] and few studies have
assessed the complete and global care pathway of early BC patients, including treatment, sup-
port and innovative organizations, such as the use of outpatient surgery.

The costs of BC are also underestimated. However, knowing the costs makes it possible to
adapt health policies, allocate health budgets, adjust social assistance and evaluate the contribu-
tion of innovations. Most published health economics, cost-effectiveness or cost-utility studies
have focused on a specific drug [10], surgical procedure [11] or examination [12,13]. Few stud-
ies have assessed the overall direct costs of one-year management, including medical and non-
medical costs, in order to elucidate the distribution of costs during the various phases of health
care (diagnosis, treatment, follow-up), which would be useful for policymakers to inform deci-
sions on health care funding.

The aims of this multicenter prospective study were to describe care pathways of BC
patients in a geographic territory and to calculate the global direct costs of early stage BC dur-
ing the first year following diagnosis.

Materials and methods

OPTISOINSO1 was a multicenter, prospective, observational study conducted in patients from
a determined regional health territory around Paris. This study was approved by the French
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National ethics committee (CCTIRS Authorization No. 14.602 and CNIL DR-2014-167) for
the research conducted at all participating hospitals. This study was registered with Clinical-
Trials.gov (Identifier: NCT02813317). The design of this study has been previously published
[14].

Setting and population

The study was conducted in three departments of the Ile-de-France region (Hauts-de-Seine,
Yvelines, and Val d’Oise), which cover 35% of the region’s population (total population: 11.9
million). This region has a population of 2.17 million women, 61% of whom are older than 45
years, with an incidence and mortality of BC higher than national rates. This territory was cho-
sen due to its heterogeneity in terms of health care services provided and its variable medical
density and health care facilities, related to the disparate urbanization and population incomes
throughout the territory. Eight non-profit hospitals participated in the study: 3 teaching hospi-
tals (TH), 4 general hospitals (GH) and 1 comprehensive cancer center (CCC). Patients
included in the study had histologically confirmed, previously untreated, early and operable
breast cancer (in situ, stage I and II), and were living in one of the three departments of the
region studied. Written informed consent was obtained from all individual participants
included in the study.

Breast cancer care pathways

As BC is a heterogeneous disease, depending on the stage and characteristics of the cancer, the
study population was divided into three groups of patients. These groups corresponded to
patients with homogeneous BC pathways, based on clinical relevance and the treatments
administered. Group 1 was composed of patients treated by conservative breast surgery, with-
out axillary dissection or chemotherapy. This group was used to identify factors associated
with outpatient surgery, as axillary dissection (group 2) and radical mastectomy (group 3) may
constitute a contraindication to outpatient surgery for some teams. Patients of group 2 were
also treated by conservative breast surgery, but associated with either axillary dissection or che-
motherapy. Group 3 included all patients treated by radical breast surgery.

Costing methodology

The overall cost of the one-year early breast cancer pathway was determined by cost-of-illness
analysis. Resources consumed were recorded in situ for each patient, using a prospective direct
observation method [15]. For each patient, all medical and paramedical consultations, imaging
examinations, blood tests, biopsies, hospitalizations, surgeries, chemotherapy and radiation
therapy sessions, etc, were prospectively recorded. In addition, each patient filled in a diary to
provide information about sociodemographic status, outpatient health care consumption, and
modes of work and social reintegration. The time horizon was the period from breast cancer
diagnosis until one year following diagnosis. The pathway costs were calculated for the overall
pathway, including four phases: the diagnosis phase (first examination with diagnosis of BC
until surgery), surgery and post-surgery phase (from surgery to initiation of adjuvant therapy),
adjuvant treatment phase (from initiation of first adjuvant therapy until the end of last adju-
vant therapy, excluding hormone therapy) and the one-year follow-up phase (from the end of
adjuvant therapy until one year after diagnosis). Costs were calculated from societal perspec-
tives, regardless of the funding actor and were limited to direct costs (medical and non-medi-
cal). Direct costs, including direct medical costs (in-hospital and out-of-hospital costs,
supportive care costs) and direct non-medical costs (transportation and sick leave costs) were
assessed by a bottom-up method. More precisely, unit costs were calculated using all the health
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consumptions prospectively recorded and after applying the rates from observed usage. As
only public hospitals participated, the costs across hospitals and departments were standard.
For out-hospital consumption, all the real-life prices were collected (rates from observed
usage). Costs are expressed in 2016 euros (including VAT).

Statistical analysis

For each cost component, the mean, standard deviation (SD), minimum, maximum and
median were calculated for quantitative variables and frequencies and percentages were calcu-
lated for qualitative variables. Univariate and multivariate analysis was performed to establish
relationships between patient characteristics, patient care, clinical pathways and costs. Fisher’s
exact test, Student’s t-test (in case of normal distribution), Wilcoxon test (in case of non-nor-
mal distribution as costs, in the same population) or Mann-Whitney test (in case of non-nor-
mal distribution as costs, between unpaired populations) were used to analyse these factors.
Multivariate analysis was performed after selection of the explicative variables from the univar-
iate model (p>0.1), using either a logistic regression model (in case of qualitative dependant
variable, as outpatient surgery) or a multiple linear regression model (in case of quantitative
dependant variable, as costs). Differences were considered significant for p<0.05. All statistical
analyses were performed with R software [16].

Results
Pathways characteristics and resources consumed

More than 750 patients were screened for participation in the study between January 2014 and
January 2016 and 617 of them were included in the study. After monitoring and lost to follow-
up, data for 604 patients were analysed and 303, 164 and 137 patients were assigned to group
1, group 2, and group 3, respectively (Fig 1).

Median age was 58 years [27-94]. Most patients presented invasive BC (n = 543, 90%) and
23% (n = 142) had axillary lymph node involvement. Less than 40% of patients received adju-
vant chemotherapy (n = 235, 39%). Nearly one-half of patients were working at the time of

OPTISOINO1 study Screening population

n=617
Dropped out during
follow-up
n=13 (2.1%)
OPTISOINSO1 final population
n=604
Group 1 Group 2 Group 3
n=303 (50.2%) n=164 (27.2%) n=137 (22.6%)

Fig 1. Flow chart of the OPTISOINSO1 study.
https://doi.org/10.1371/journal.pone.0210917.9001
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diagnosis (active patients, n = 297, 49%). Patient characteristics and treatments administered
are presented in Table 1.

The majority of patients (n = 447, 74%) were managed in a CCC, 14% in a GH (n = 83) and
12% in a TH (n = 12%). Median distance between residence and center was 12 km. Patients
travelled longer distances to attend a CCC (18 km) than a GH or TH (6 km).

Among the 379 patients between the ages of 50 and 74 years (target population of system-
atic screening in France), 290 (77%) were diagnosed following a screening examination and 89
(23%) were diagnosed on the basis of clinical signs.

More than 80% of group 1 patients were managed by outpatient surgery (n = 243, 80.2%).
In the logistic regression model, 2 factors were associated with outpatient surgery in this
group: being operated in a CCC (OR: 7.3, 95%CI[3.5-15.6], p<0.0001) and living in a couple
(OR:2.6, 95%CI[1.3-5.4], p = 0.007).

Resources consumed included medical consultations, imaging examinations for diagnosis
(mammograms, breast ultrasound, breast Magnetic Resonance Imaging), biopsies, staging
examinations (positron emission tomography-scanner, thoracoabdominal CT-scan, bone
scan, chest radiograph, blood test), pre-treatment examinations, supportive care (psychology,
nutrition, physiologist), surgery, hospitalizations, radiation therapy sessions, chemotherapy
courses; for each phase of diagnosis (Table 2).

Pathway cost

Direct medical costs from a National Health Insurance perspective. Median direct
medical costs of 1 year of management from diagnosis of operable BC were €12,250 (€3,643-
€55,340). Table 3 shows direct medical costs by phase and by group. Except for the follow-up
phase, a statistically significant difference of these costs was observed between the 3 clinical
pathway groups, with costs about 30% lower for group 1 compared to the other groups.

In multivariate analysis, 4 factors were independently associated with higher 1-year 44direct
medical costs: diagnosis on the basis of clinical signs, invasive cancer, lymph node involvement
and conventional hospitalization for surgery (Table 4).

Direct non-medical costs from a National Health Insurance’s perspective. Sick leave costs
were calculated for the 156 working patients included in the study for whom salary and duration
of sick leave during the first year after diagnosis were available. Median sick leave costs were
€8,841 per patient and per year (€173-€32,015). In multivariate analysis (multiple linear regres-
sion), only chemotherapy was found to be an independent determinant of sick leave costs, which
were increased nearly threefold in the case of adjuvant chemotherapy (€3,687/patient/per year
without chemotherapy versus €10,706/patient/year with chemotherapy, p<0.001).

One hundred and ninety-five patients declared transportation costs. The median cost of
transportation for these patients was €902 (€15 - €10,024). No significant difference in terms
of transportation costs was observed between the 3 groups, and the only determinant identi-
fied on multivariate analysis was a distance between the patient’s residence and hospital greater
than 16 km (OR = 2.9; 95%CI[1,2-6,7]; p = 0.01).

Direct medical and non-medical costs from a patient’s perspective. Forty percent
(n = 242) of patients declared additional personal expenditure, including medical (medical
consultations and imaging) and non-medical costs (purchase of a wig, transportation, bras for
prosthesis, etc.), with a median cost of €614 per patient and per year (€10-€16,909). A majority
of the patients (n = 362), did not have out-of -pocket expenditure. Costs were higher for group
2 and 3 patients (€904 and €956, respectively) compared to group 1 patients (€363, p<0.001).
In multivariate analysis, no additional factor was found to be associated with personal expendi-
ture in this population.
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Table 1. Patients, cancer and treatments characteristics, n = 604.

Group 1, n = 303

Group 2, n = 164

Group 3, n =137

Total, n = 604

median (range) or n (%)

median (range) or n (%)

median (range) or n (%)

median (range) or n (%)

Age (years) 61 (31-93) 58 (27-84) 56 (31-94) 58 (27-94)
Working at the time of diagnosis
Yes 173 57.1% 74 45.1% 60 43.8% 297 49.2%
No 130 42.9% 90 54.9% 77 56.2% 307 50.8%
Marital status 0.0%
Single 36 11.9% 23 14.0% 20 14.6% 79 13.1%
Married 153 50.5% 77 47.0% 65 47.4% 295 48.8%
Divorced 27 8.9% 25 15.2% 22 16.1% 74 12.3%
Widow 34 11.2% 15 9.1% 9 6.6% 58 9.6%
NA 53 17.5% 24 14.6% 21 15.3% 98 16.2%
Modes of diagnosis
Organized screening 111 36.6% 50 30.5% 28 20.4% 189 31.3%
Individual screening 120 39.6% 40 24.4% 43 31.4% 203 33.6%
Clinical signs 72 23.8% 74 45.1% 66 48.2% 212 35.1%
Type of cancer
Invasive 254 83.8% 162 98.8% 127 92.7% 543 89.9%
In situ 49 16.2% 1 0.6% 10 7.3% 60 9.9%
NA 0 0.0% 1 0.6% 0 0.0% 1 0.2%
Lymph node involvement
Yes 16 5.3% 63 38.4% 63 46.0% 142 23.5%
No 287 94.7% 100 61.0% 74 54.0% 461 76.3%
Breast surgery
Conservative 303 100.0% 164 100.0% 0 0.0% 467 77.3%
Radical 0 0.0% 0 0.0% 137 100.0% 137 22.7%
Lymph node surgery
Sentinel lymph node procedure 271 89.4% 94 57.3% 60 43.8% 425 70.4%
Axillary dissection 0 0.0% 69 42.1% 74 54.0% 143 23.7%
Not indicated or NA 32 10.6% 1 0.6% 3 2.2% 36 6.0%
Type of hospitalization
Outpatient surgery 243 80.2% 103 62.8% 17 12.4% 363 60.1%
Conventional surgery 60 19.8% 61 37.2% 120 87.6% 241 39.9%
Adjuvant radiation therapy
Yes 286 94.4% 159 97.0% 89 65.0% 534 88.4%
No 17 5.6% 5 3.0% 48 35.0% 70 11.6%
Adjuvant chemotherapy
Yes 0 0.0% 150 91.5% 85 62.0% 235 38.9%
No 303 100.0% 14 8.5% 51 37.2% 368 60.9%
NA 0 0% 0 0% 1 0.7% 1 0.2%
https://doi.org/10.1371/journal.pone.0210917.t001
Discussion

This multicenter prospective study describes BC pathways in a given health territory and the
direct medical and non-medical costs during the first year after diagnosis. BC pathways mostly

depend on 2 factors: initial stage of disease, which determines treatment and the resources

consumed and the type of center. For example, more than 80% of group 1 patients undergoing
breast-conserving surgery without adjuvant chemotherapy were operated on an outpatient
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Table 2. Consumed resources (median and range are given for consuming patients only (n)).

Group 1 (N =303)

Group 2 (N =164)

Group 3 (N =137)

n Median/n Range/% n Median/n Range/% n Median/n Range/%
DIAGNOSIS PHASE
Medical consultations* 303 5 (2-9) 164 5 (2-9) 137 5 (3-11)
Imaging examinations* 300 5 (1-9) 163 5 (1-8) 136 5 (1-9)
Biopsy and Cytology* 296 1 (1-4) 160 1 (1-6) 134 1 (1-6)
Staging examination* 292 2 (1-6) 161 3 (1-7) 129 3 (1-8)
Pretreatment examinations™ 203 1 (1-5) 134 1 (1-4) 118 1 (1-5)
Supportive care* 303 6 (6-7) 164 6 (6-7) 137 6 (5-10)
SURGERY PHASE
Conservative breast surgery** 303 303 100% 164 164 100% 137 0 0%
Radical breast surgery** 303 0 0% 164 0 0% 137 137 100%
Sentinelle lymph node biopsy** 303 271 89% 164 94 57% 137 60 44%
Axillary dissection** 303 0 0% 164 69 42% 137 74 54%
Re-intervention* 35 1 (1-3) 17 1 (1-1) 23 1 (1-3)
Surgery for complication (hematoma, infection)** 303 2 1% 164 2 1% 137 2 1%
Medical consultations* 297 1 (1-6) 164 1 (1-8) 136 1 (1-9)
Imaging examinations* 0 = 0 = 0 =
Staging examination* 39 1 (1-3) 57 1 (1-7) 42 2 (1-6)
Emergency consultations* 63 2 (1-9) 48 1 (1-6) 63 2 (1-7)
Supportive care* 60 1 (1-2) 44 1 (1-3) 56 1 (1-5)
ADJUVANT THERAPY PHASE
Radiation therapy sessions* 282 30 (1-58) 157 30 (2-46) 87 25 (12-43)
Chemotherapy courses* - 149 6 (1-18) 84 6 (2-16)
Targeted therapy (trastuzumab)** - 164 30 18% 137 25 18%
Hormone therapy** 303 206 68% 164 131 80% 137 106 77%
Medical consultations*® 280 3 (1-7) 153 3 (1-6) 92 3 (1-5)
Imaging examinations* 17 1 (-2)1 9 1 (1-3) 14 1 (1-2)
Biopsy and Cytology* 2 1 (1-1) 0 0
Staging examination* 71 1 (1-5) 95 1 (1-8) 61 1 (1-7)
Pretreatment examinations™ 1 (1-1) 108 1 (1-5) 68 1 (1-3)
Hospitalization for adjuvant therapy complications* 15 1 (1-1) 2 1,5 (1-2)
Supportive care* 27 2 (1-8) 46 2 (1-19) 28 1 (1-10)
FOLLOW-UP PHASE
Medical consultations*® 259 (1-26) 128 16 (1-73) 113 14 (1-111)
Supportive care* 89 (1-39) 70 15 (1-69) 69 17 (1-125)
Imaging examinations* 277 (1-39) 144 7 (1-38) 120 7 (1-41)

* number of acts

** number of patients

https://doi.org/10.1371/journal.pone.0210917.t1002

basis. Undergoing surgery in a CCC was associated with outpatient surgery. Moreover, most
patients of this study were managed in a CCC and we also observed that patients were willing
to travel many miles to receive treatment in a CCC. All public centers involved in the manage-
ment of BC in the area studied participated in this study; patient recruitment therefore reflects
the reality of the health care territory. We have also previously shown that compliance with
selected EUSOMA (European Society of Mastology) quality criteria was observed more fre-
quently in CCC [17]. The type of center was therefore identified as an efficiency lever to
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Table 3. Direct medical costs by phase of management and clinical pathway group (€), univariate analysis.

Diagnosis
Surgery
Adjuvant therapy
Follow-up

Total

Group 1, n =303
Median

731

3,427
6,538

666

11,245

https://doi.org/10.1371/journal.pone.0210917.t003

Group 2, n = 164 Group 3, n =137 p
Range Median Range Median Range
(304-3,253) 839 (325-2,618) 1,035 (228-8,423) < .0001
(2,445-17,808) 3,530 (2,445-11,560) 5,993 (3,590-14,959) < .0001
(0-11,773) 9,982 (111-35,428) 8,004 (0-32,297) <.0001
(0-3,155) 666 (0-2,518) 706 (25-3,000) 0.1147
(3,643-22,505) 15,605 (8,204-42,156) 16,131 (5,653-55,345) <.0001

optimize BC pathways. More BC patients are managed in CCC each year than in certain TH
or GH, and they have a particular expertise in the management of cancer. Consequently, orga-
nization of care is optimized and can be easily be adapted when innovative technics or services
become available, accounting for the high rate of outpatient BC surgery. The number of
patients treated each year has been recently shown to be independent factor of overall survival
in breast and ovarian cancer patients in a French National Health Insurance report comparing
survival and the annual number of patients managed [18]. Women operated in a center per-
forming less than 30 cases of BC surgery per year had an 84% excess risk of death compared to
women operated in a center performing more than 150 cases of BC surgery per year.

Median direct medical costs of 1 year of management from diagnosis of operable BC were
€12,250, from a National Health Insurance perspective. The cost of breast cancer in Europe
has been estimated to be €15 billion [19]. In France, two recent studies evaluated the cost of
breast cancer. The first study proposed a method based on formal concept analysis to form
groups of hospital care trajectories [20]. By using an anonymous identifier to link sequences in

Table 4. Multivariate analysis of the determinants of direct medical costs (multiple linear regression).

Diagnosis Surgery Adjuvant therapy Follow-up 1 year
Coef [95%CI] P Coef [95%CI] P Coef [95%CI] P Coef [95%CI] P Coef [95%CI] P
Age <60y 2854 0.972 707 <0.001 1352 0.159 -26 0.621 1108.5 0.308
Active patient at diagnosis 106 0.181 -409 0.154 1805 0.054 69 0.621 335.0 0.784
Marital status
Single
Married -49 0.521 359 0.196 1122 0.218 -60 0.241 881.6 0.350
Divorced -18 0.853 324 0.359 226 0.845 -115 0.079 334.2 0.782
Widow -183 0.094 -406 0.303 1707 0.194 -98 0.186 806.9 0.552
Type of center
General Hospital
Teaching hospital 37 0.695 -462 0.184 1594 0.171 21 0.743 631.7 0.596
Comprehensive Cancer Center 116 0.122 -413 0.129 474 0.592 -67 0.177 -550.2 0.552
Mode of diagnosis
Clinical signs
Organized screening -38 0.542 5 0.983 -1719 0.024 49 0.251 -1671.4 0.033
Individual screening 1 0.987 225 0.306 -1290 0.079 67 0.107 -1188.0 0.116
Invasive tumor -73 0.388 -50 0.869 2709 0.01 349 <0.001 3205.7 0.002
Lymph node involvement 83 0.1647 1114 <0.001 2529 <0.001 -41 0.305 4282.7 <0.001
Mode of hospitalization
Outpatient surgery
Conventional surgery 286 <0.001 851 <0.001 1867 0.006 107 0.005 2215.1 0.001
https://doi.org/10.1371/journal.pone.0210917.t1004
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different hospitals, the authors re-attributed all diagnostic codes to each patient admitted for
surgery in 2009 and retraced their care pathway over a period of one year. The 57,552 patients
selected over a 2-year period from data derived from the Programme de médicalisation des sys-
témes d’information (PMSI) [medical information systems programme] were classified into 19
care pathway groups, corresponding to particular morbidity profiles, as evaluated by main and
associated diagnostic codes: invasive or in situ cancer, palliative care, aplasia, inflammatory
breast disease. The average cost of a care pathway was €9,600. The greatest cost variability was
explained by the invasive cancer code, associated with chemotherapy followed by palliative
care, reconstructive surgery and aplastic anemia. The largest group in terms of numbers (62%
of patients) had the lowest pathway cost. The second study proposed a macroeconomic
method to calculate the overall cost of primary treatment of non-metastatic breast cancer
using aggregated data from hospital activity, the national cost scale, and incidence data for a
given year [21]. The average cost of the pathway without reconstituting individual pathways
was €14,555 in 1999. These results were compared to a micro-economic method of cost evalu-
ation, based on cost accounting. The pathway cost for 115 patients completely treated in a
regional cancer center from diagnosis to the end of primary treatment was €14,399, a differ-
ence of only 1.1% compared to the cost estimated by the macroeconomic method. Similar
results were recently obtained in Italy, based on cancer registry data [22]: mean total direct
medical cost was €10,970/patient with €414 for diagnosis, €8,780 for treatment and €2,351 for
2-year follow-up, respectively.

These estimates are close to the direct medical costs estimated in the present study. However,
these studies did not determine direct non-medical costs, such as transportation or sick leave
costs. Nevertheless, median sick leave costs were €8,841/year/working patient, corresponding to
the majority of absenteeism (National Health Insurance perspective) in the global cost of BC,
and accounting for more than half of annual direct medical costs. In the light of these results,
health authorities should develop individual support for working patients in order to decrease
the duration of sick leave and improve return to work. Transportation costs, as well as out-of-
pocket costs, were declared by a small proportion of patients and represented a minor share of
global costs. No significant difference, especially in terms of sociodemographic characteristics,
was observed between patients according to whether or not they reported out-of-pocket expen-
ditures. Out-of-pocket expenditure obviously depends on the country of care. In France, cancer
patients receive 100% cover of all breast cancer-related health care costs from French National
Health Insurance. Out-of-pocket costs therefore essentially consist of complementary paramed-
ical therapies (relaxation therapy, acupuncture, osteopathy), or additional prosthetic material
(additional bras for external prosthesis, additional wig, etc.). Similar results were reported in
Canada, with a median out-of-pocket expenditure of US$1002 during the year after diagnosis
[23]. The burden on households depends on the household income. In the Optisoins01 study,
nearly one-half of patients earned more than €1,900 per month [24]. An annual out-of-pocket
expenditure of €614 therefore represents a reasonable burden for these households. Conversely,
in Haiti, for example, the median non-medical out-of-pocket expenditure of BC patients was
US$233 (from diagnosis to follow-up) for a median daily salary of US$2 [25]. In contrast, health
care costs in some countries are not covered by national health insurance and patients need to
take out private insurance. Out-of-pocket expenditure can therefore become a barrier to care.
For example, in the US, the financial impact of BC has been described to prevent underserved
BC survivors from accessing follow-up care [26].

A variability of direct costs is also observed between countries. Most studies in the US have
described higher direct medical costs. A study based on a private insurance database reported
a total health care cost of US$42,401 per patient for the first year [27]. In another study of
patients covered by private insurance in the US, the annual direct medical cost of BC was US
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$19,435 [28]. Moreover, expenses as high as US$5,711 per month have also been published for
patients covered by the Medicaid system [29]. However, in these last 2 studies, the study popu-
lations consisted of younger women aged 18-44 years. Age is a recurring determinant of costs
[22,30], but was not significant in our study. The main determinant of cost in Optisoins01 was
administration of chemotherapy, which accounts for the major difference in terms of direct
medical costs between our BC pathway groups. A recent study also identified chemotherapy as
one of the major drivers of direct medical costs, not only in BC, but also in lung and colorectal
cancer [30].

BC costs mainly depend on treatment and BC pathways. Optimizing clinical pathways
could therefore help to control costs. Moreover, implementation of organized clinical path-
ways helps to improve quality of care [31]. In the light of these results, our institute has estab-
lished a quality charter involving several aspect of BC management and centered on clinical
pathways to help other centers achieve excellence.

These global cost data can be useful to all health actors, from health authorities to private
insurers and caregivers. Even if social care systems differ between countries, comparing costs
can be informative. The costs from one developed country to another were not substantially
the same, regardless of the payer. For government health policy, knowing the distribution of
the costs of a disease makes it possible to better allocate budgets. For private insurers, an inven-
tory of such expenditures is very useful to adjust the financial support. In addition, a good eval-
uation of the costs of a disease is a necessary basis to evaluate the cost effectiveness of new
drugs and other innovations.

Supporting information

S1 Table. OPTISOINSO1 data.
(XLSX)

Author Contributions

Conceptualization: Delphine Héquet, Roman Rouzier, Sandrine Baffert.
Data curation: Anne-Laure Soilly.

Formal analysis: Delphine Héquet, Anne-Laure Soilly.

Funding acquisition: Delphine Héquet, Roman Rouzier, Sandrine Baffert.

Investigation: Delphine Héquet, Cyrille Huchon, Helene Berseneff, Caroline Trichot, Aline
Combes, Karine Alves, Thuy Nguyen, Roman Rouzier.

Methodology: Delphine Héquet, Bernard Asselain, Roman Rouzier, Sandrine Baffert.
Supervision: Delphine Héquet, Roman Rouzier, Sandrine Baffert.

Validation: Delphine Héquet, Bernard Asselain, Roman Rouzier, Sandrine Baffert.
Writing - original draft: Delphine Héquet.

Writing - review & editing: Delphine Héquet, Roman Rouzier, Sandrine Baffert.

References

1. Institut National du Cancer, Epidemiologie des cancers. Available at: http://www.e-cancer.fr/
Professionnels-de-sante/Les-chiffres-du-cancer-en-France/Epidemiologie-des-cancers/Les-cancers-
les-plus-frequents/Cancer-du-sein [accessed August, 03, 2018].

PLOS ONE | https://doi.org/10.1371/journal.pone.0210917  July 10,2019 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0210917.s001
http://www.e-cancer.fr/Professionnels-de-sante/Les-chiffres-du-cancer-en-France/Epidemiologie-des-cancers/Les-cancers-les-plus-frequents/Cancer-du-sein
http://www.e-cancer.fr/Professionnels-de-sante/Les-chiffres-du-cancer-en-France/Epidemiologie-des-cancers/Les-cancers-les-plus-frequents/Cancer-du-sein
http://www.e-cancer.fr/Professionnels-de-sante/Les-chiffres-du-cancer-en-France/Epidemiologie-des-cancers/Les-cancers-les-plus-frequents/Cancer-du-sein
https://doi.org/10.1371/journal.pone.0210917

@ PLOS|ONE

Direct costs of breast cancer

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

Haute Autorité de Santé, «Parcours de soins». Available at: https://www.has-sante.fr/portail/jcms/fc_
1250003/fr/parcours-de-sante [accessed August, 03, 2018].

Panella M, Marchisio S, Gardini A, Di Stanislao F. A cluster randomized controlled trial of a clinical path-
way for hospital treatment of heart failure: Study design and population. BMC Health Serv Res 2007;
7:179. https://doi.org/10.1186/1472-6963-7-179 PMID: 17986361

Vanhaecht K, Sermeus W, Peers J, Lodewijckx C, Deneckere S, Leigheb F, et al. The impact of care
pathways for exacerbation of chronic obstructive pulmonary disease: Rationale and design of a cluster
randomized controlled trial. Trials 2010; 11:111. https://doi.org/10.1186/1745-6215-11-111 PMID:
21092098

Panella M, Marchisio S, Brambilla R, Vanhaecht K, Di Stanislao F. A cluster randomized trial to assess
the effect of clinical pathways for patients with stroke: Results of the clinical pathways for effective and
appropriate care study. BMC Med 2012; 10:71. https://doi.org/10.1186/1741-7015-10-71 PMID:
22781160

Johnson KB, Blaisdell CJ, Walker A, Vanhaecht K, Di Stanislao F. Effectiveness of a clinical pathway
for inpatient asthma management. Pediatrics 2000; 106:1006—-1012. PMID: 11061767

Tastan S, Hatipoglu S, lyigun E, Kilic S. Implementation of a clinical pathway in breast cancer patients
undergoing breast surgery. Eur J Oncol Nurs. 2012 Sep; 16(4):368-74. https://doi.org/10.1016/j.ejon.
2011.07.003 PMID: 21807558

Richter-Ehrenstein C, Heymann S, Schneider A, Vargas Hein O. Effects of a clinical pathway 3 years
after implementation in breast surgery. Arch Gynecol Obstet. 2012 Feb; 285(2):515-20 https://doi.org/
10.1007/s00404-011-1994-7 PMID: 21779775

Chapman BV, Rajagopalan MS, Heron DE, Flickinger JC, Beriwal S. Clinical Pathways: A Catalyst for
the Adoption of Hypofractionation for Early-Stage Breast Cancer. Int J Radiat Oncol Biol Phys. 2015
Nov 15; 93(4):854—-61. https://doi.org/10.1016/j.ijrobp.2015.08.013 PMID: 26530754

Skedgel C, Rayson D, Younis T. Is adjuvant trastuzumab a cost-effective therapy for HER-2/neu-posi-
tive T1bNO breast cancer? Ann Oncol. 2013 Jul; 24(7):1834—40. https://doi.org/10.1093/annonc/
mdt069 PMID: 23510987

Zendejas B, Moriarty JP, O’Byrne J, Degnim AC, Farley DR, Boughey JC. Cost-effectiveness of contra-
lateral prophylactic mastectomy versus routine surveillance in patients with unilateral breast cancer. J
Clin Oncol. 2011 Aug 1; 29(22):2993-3000. https://doi.org/10.1200/JC0O.2011.35.6956 PMID:
21690472

Sato M, Kawai M, Nishino Y, Shibuya D, Ohuchi N, Ishibashi T. Cost-effectiveness analysis for breast
cancer screening: double reading versus single + CAD reading. Breast Cancer. 2014 Sep; 21(5):532—
41. https://doi.org/10.1007/s12282-012-0423-5 PMID: 23104393

Yamauchi H, Nakagawa C, Yamashige S, Takei H, Yagata H, Yoshida A, et al. Societal cost-effective-
ness analysis of the 21-gene assay in estrogen-receptor-positive, lymph-node-negative early-stage
breast cancer in Japan. BMC Health Serv Res.

Baffert S, Hoang HL, Brédart A, Asselain B, Alran S, Berseneff H, et al. The patient-breast cancer care
pathway: how could it be optimized? BMC Cancer. 2015 May 12; 15:394. https://doi.org/10.1186/
512885-015-1417-4 PMID: 25963161

Drummond MF, Sculpher MJ, Torrance GW, O’Brien BJ, Stoddart GL. Methods for the economic evalu-
ation of health care programs: Oxford University Press, Third Edition, 2004

R: a language and environment for statistical computing. 2012; Available at: http://www.R-project.com
[accessed August, 03, 2018].

Héquet D, Huchon C, Baffert S, Alran S, Reyal F, Nguyen T, et al. Preoperative clinical pathway of
breast cancer patients: determinants of compliance with EUSOMA quality indicators. Br J Cancer. 2017
May 23; 116(11):1394—1401. https://doi.org/10.1038/bjc.2017.114 PMID: 28441385

Assurance Maladie 2019: Améliorer la qualité du systéme de santé et maitriser les dépenses. Available
at: https://www.ameli.fr/fileadmin/user_upload/documents/180702_CP19_rapport_vdef.pdf [accessed
August, 03, 2018].

Luengo-Fernandez R, Leal J, Gray A, Sullivan R. Economic burden of cancer across the European
Union: a population-based cost analysis. Lancet Oncol. 2013 Nov; 14(12):1165-74. https://doi.org/10.
1016/S1470-2045(13)70442-X PMID: 24131614

Jay N, Nuemi G, Gadreau M, Quantin C. A data mining approach for grouping and analyzing trajectories
of care using claim data: the example of breast cancer. BMC Medical Informatics and decision making.
2013 Nov 30; 13:130 https://doi.org/10.1186/1472-6947-13-130 PMID: 24289668

Borella L, Paraponaris A. 2002. Macro-economic calculation of spending versus micro- economic fol-
low-up of costs of breast cancer. Rev Epidemiol Santé Publique. 2002 Dec; 50(6):581-92 PMID:
12515928

PLOS ONE | https://doi.org/10.1371/journal.pone.0210917  July 10,2019 11/12


https://www.has-sante.fr/portail/jcms/fc_1250003/fr/parcours-de-sante
https://www.has-sante.fr/portail/jcms/fc_1250003/fr/parcours-de-sante
https://doi.org/10.1186/1472-6963-7-179
http://www.ncbi.nlm.nih.gov/pubmed/17986361
https://doi.org/10.1186/1745-6215-11-111
http://www.ncbi.nlm.nih.gov/pubmed/21092098
https://doi.org/10.1186/1741-7015-10-71
http://www.ncbi.nlm.nih.gov/pubmed/22781160
http://www.ncbi.nlm.nih.gov/pubmed/11061767
https://doi.org/10.1016/j.ejon.2011.07.003
https://doi.org/10.1016/j.ejon.2011.07.003
http://www.ncbi.nlm.nih.gov/pubmed/21807558
https://doi.org/10.1007/s00404-011-1994-7
https://doi.org/10.1007/s00404-011-1994-7
http://www.ncbi.nlm.nih.gov/pubmed/21779775
https://doi.org/10.1016/j.ijrobp.2015.08.013
http://www.ncbi.nlm.nih.gov/pubmed/26530754
https://doi.org/10.1093/annonc/mdt069
https://doi.org/10.1093/annonc/mdt069
http://www.ncbi.nlm.nih.gov/pubmed/23510987
https://doi.org/10.1200/JCO.2011.35.6956
http://www.ncbi.nlm.nih.gov/pubmed/21690472
https://doi.org/10.1007/s12282-012-0423-5
http://www.ncbi.nlm.nih.gov/pubmed/23104393
https://doi.org/10.1186/s12885-015-1417-4
https://doi.org/10.1186/s12885-015-1417-4
http://www.ncbi.nlm.nih.gov/pubmed/25963161
http://www.R-project.com
https://doi.org/10.1038/bjc.2017.114
http://www.ncbi.nlm.nih.gov/pubmed/28441385
https://www.ameli.fr/fileadmin/user_upload/documents/180702_CP19_rapport_vdef.pdf
https://doi.org/10.1016/S1470-2045(13)70442-X
https://doi.org/10.1016/S1470-2045(13)70442-X
http://www.ncbi.nlm.nih.gov/pubmed/24131614
https://doi.org/10.1186/1472-6947-13-130
http://www.ncbi.nlm.nih.gov/pubmed/24289668
http://www.ncbi.nlm.nih.gov/pubmed/12515928
https://doi.org/10.1371/journal.pone.0210917

@ PLOS|ONE

Direct costs of breast cancer

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Capri S, Russo A. Cost of breast cancer based on real-world data: a cancer registry study in Italy. BMC
Health Serv Res. 2017 Jan 26; 17(1):84. https://doi.org/10.1186/s12913-017-2006-9 PMID: 28122558

Lauzier S, Lévesque P, Mondor M, Drolet M, Coyle D, Brisson J, et al. Out-of-pocket costs in the year
after early breast cancer among Canadian women and spouses. J Natl Cancer Inst. 2013 Feb 20; 105
(4):280-92. https://doi.org/10.1093/jnci/djs512 PMID: 23349250

Arfi A, Baffert S, Soilly AL, Huchon C, Reyal F, Asselain B, et al. Determinants of return at work of breast
cancer patients: results from the OPTISOINSO01 French prospective study. BMJ Open. 2018 May 18; 8
(5):020276. https://doi.org/10.1136/bmjopen-2017-020276 PMID: 29776920

O’Neill KM, Mandigo M, Pyda J, Nazaire Y, Greenberg SL, Gillies R, et al. Out-of-pocket expenses
incurred by patients obtaining free breast cancer care in Haiti. Lancet. 2015 Apr 27; 385 Suppl 2:548.

Palmer NR, Weaver KE, Hauser SP, Lawrence JA, Talton J, Case LD, et al. Disparities in barriers to fol-
low-up care between African American and White breast cancer survivors. Support Care Cancer. 2015
Nov; 23(11):3201-9. https://doi.org/10.1007/s00520-015-2706-9 PMID: 25821145

Fu AZ, Jhaveri M. Healthcare cost attributable to recently-diagnosed breast cancer in a privately-
insured population in the United States. J Med Econ. 2012; 15(4):688—94. https://doi.org/10.3111/
13696998.2012.673524 PMID: 22397589

Allaire BT, Ekwueme DU, Guy GP Jr, Li C, Tangka FK, Trivers KF, et al. Medical Care Costs of Breast
Cancer in Privately Insured Women Aged 18—44 Years. Am J Prev Med. 2016 Feb; 50(2):270-7 https://
doi.org/10.1016/j.amepre.2015.08.035 PMID: 26775906

Ekwueme DU, Allaire BT, Guy GP Jr, Arnold S, Trogdon JG. Treatment Costs of Breast Cancer Among
Younger Women Aged 19-44 Years Enrolled in Medicaid. Am J Prev Med. 2016 Feb; 50(2):278-85
https://doi.org/10.1016/j.amepre.2015.10.017 PMID: 26775907

Gruber EV, Stock S, Stollenwerk B. Breast cancer attributable costs in Germany: a top-down approach
based on sickness funds data. PLoS One. 2012; 7(12):e51312. https://doi.org/10.1371/journal.pone.
0051312 PMID: 23251495

Sagar B, Lin YS, Castel LD. Cost drivers for breast, lung, and colorectal cancer care in a commercially
insured population over a 6-month episode: an economic analysis from a health plan perspective.J Med
Econ. 2017 Oct; 20(10):1018-1023. https://doi.org/10.1080/13696998.2017.1339353 PMID: 28581874

PLOS ONE | https://doi.org/10.1371/journal.pone.0210917  July 10,2019 12/12


https://doi.org/10.1186/s12913-017-2006-9
http://www.ncbi.nlm.nih.gov/pubmed/28122558
https://doi.org/10.1093/jnci/djs512
http://www.ncbi.nlm.nih.gov/pubmed/23349250
https://doi.org/10.1136/bmjopen-2017-020276
http://www.ncbi.nlm.nih.gov/pubmed/29776920
https://doi.org/10.1007/s00520-015-2706-9
http://www.ncbi.nlm.nih.gov/pubmed/25821145
https://doi.org/10.3111/13696998.2012.673524
https://doi.org/10.3111/13696998.2012.673524
http://www.ncbi.nlm.nih.gov/pubmed/22397589
https://doi.org/10.1016/j.amepre.2015.08.035
https://doi.org/10.1016/j.amepre.2015.08.035
http://www.ncbi.nlm.nih.gov/pubmed/26775906
https://doi.org/10.1016/j.amepre.2015.10.017
http://www.ncbi.nlm.nih.gov/pubmed/26775907
https://doi.org/10.1371/journal.pone.0051312
https://doi.org/10.1371/journal.pone.0051312
http://www.ncbi.nlm.nih.gov/pubmed/23251495
https://doi.org/10.1080/13696998.2017.1339353
http://www.ncbi.nlm.nih.gov/pubmed/28581874
https://doi.org/10.1371/journal.pone.0210917

