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Summary

Obijective. The aim of this study is to assess the impact of Oncotype DX on treatment
decisions and healthcare economy.

Methods. Data were retrospectively collected from Fondazione Policlinico Universita-
rio Campus Bio-Medico of Rome. 313 female patients with HR-positive, HER2-negative
breast cancer underwent Oncotype DX between August 2020 and January 2024. Recur-
rence score, recurrence risk and chemotherapy benefit were collected from Oncotype DX
report. Clinical and pathological data were collected. To objectify the oncological prescrip-
tion based on clinicopathological variables, we used PREDICT 2.2 algorithm. Reimburse-
ments, hospital accesses and number of health services in one-year follow-up were also
collected.

Results. Oncotype DX did not indicate chemotherapy in 223/313 (71.2%) patients. In the
PREDICT 2.2 scenario, 147/313 (47%) patients were not indicated chemotherapy. Thus,
genomic test approach led to a decrease of 24.2% in chemotherapy prescription. Patients
receiving chemotherapy had 21 (+91.3%) more hospital accesses, 115 (+101.8%) more
health services and a reimbursement of €2811 (+31.5%) higher than patients not receiving
chemotherapy (median values).

Conclusions. Oncotype DX results in lower rates of chemotherapy prescription and in
possible healthcare cost savings.

Key words: oncotype DX, reimbursements, clinicopathological variables, breast cancer,
genomic tests

Introduction

Early-stage breast cancer (eBC) is the most common presentation of
invasive breast cancer at diagnosis. It is defined as breast cancer not
spreading beyond the breast or axillary lymph nodes, thus including
stage |, IIA, 1IB and IlIA . After radical surgical treatment, prognosis of
patients with early-stage invasive breast cancer is mainly guided by mo-
lecular classification of tumour. Described for the first time by Perou et
al. in 2000 2, four main molecular classes are recognised, divided into
“Luminal” (Luminal A, Luminal B) and “non-Luminal” (HER2-enriched,
Basal-like) categories, which are associated to different biological be-
haviours and prognosis. Luminal tumours are characterised by expres-
sion of hormone receptors (oestrogen receptor and/or progesterone re-
ceptor) in the absence of overexpression of HER2 (Human Epidermal



ONCOTYPE DX IMPACT ON TREATMENTS AND ECONOMY

375

Growth Factor Receptor 2) protein. For this reason,
Luminal tumours are referred to as hormone recep-
tor-positive, HER2-negative breast cancers, and ac-
count for > 70% of eBC worldwide. Luminal A tumours
are treated with adjuvant endocrine therapy alone,
whereas Luminal B require adjuvant chemotherapy
in addition to endocrine therapy 3. Traditionally, in real
practice pathologists and clinicians estimate patient’s
prognosis and drive adjuvant therapy on the bases
of a set of parameters, which are both clinical (age,
menopausal status, clinical stage) and pathological
(grade, histotype, size, nodal status, pathological
stage). Moreover, the asset of four pathological pa-
rameters by immunohistochemistry (oestrogen rre-
ceptor [ER], progesterone receptor [PgR], HER2 and
Ki-67) is applied as a surrogate method for molecular
classification of breast cancer and is recommended
by international guidelines in clinical practice rou-
tine 3*. Among Luminal tumours, distinction between
Luminal A and Luminal B breast cancers is made
through immunohistochemistry value of Ki-67; any-
way, this distinction is not always straightforward, and
controversies exist regarding Ki-67 thresholds, com-
plicating prognosis evaluation and appropriate treat-
ment decision-making. For this reason, genomic tests
are currently recommended in unclear cases, when
precise categorisation of tumour into “Luminal A’ or
“Luminal B” group is not feasible. Deriving additional
information regarding tumour biology, in fact, can help
in estimating patient survival and possibly chemother-
apy benefit °.

From the oncologist’s perspective, genomic tests
can support decisions when clinicopathological risk
assessment based on the clinical and pathological
variables is intermediate or uncertain ¢’. International
guidelines, as ESMO guidelines 3, integrate genomic
tests in routine practice, although no specific crite-
ria are mentioned for the identification of intermedi-
ate-risk cases.

In ltaly in 2021 the Ministry of Health nationally reg-
ulated access to breast cancer genomic tests for the
first time; in that occasion, specific inclusion criteria
for intermediate clinicopathological risk were defined.
Since then, patients with early-stage hormone recep-
tor-positive, HER2-negative breast cancer with inter-
mediate clinicopathological risk can have access to
genomic tests with reimbursement from the National
Health System 8. In Lazio Region Health System, On-
cotype DX (Genomic Health, Inc.) is the first genomic
test to be prescribed by oncologists. Oncotype DX is
based on quantitative RT-PCR (gqRT-PCR) technique
on 21 gene-assay; it was validated in two prospective
phase Il randomised controlled trials: in TAILORX tri-
al it proved to be effective in predicting survival and

chemotherapy benefit in pre- and post-menopausal
women with hormone receptor-positive, HER2-nega-
tive, node-negative breast cancer®, whereas in RxPO-
NDER trial its effectiveness was demonstrated also
in 1-3 node-positive disease, but only in post-meno-
pausal women '°. Oncotype DX is currently strongly
recommended by international guidelines for its prog-
nostic and predictive role . Genomic tests such as
Oncotype DX are therefore widely used today and
many studies have focused on their impact on clini-
cal practice, but what remains unknown is their con-
crete impact on the economic scenario. Utilisation of
genomic tests could influence general health econo-
my, including waiting lists, type and number of services
required, costs for patients. Many efforts were made
to indirectly estimate genomic test impact on national
economy, but real-world data on how genomic tests
are changing economic flow inside our health systems
are still lacking.

The aim of this study is to directly investigate the im-
pact of Oncotype DX application on clinical practice
and economic implications, after a 3-year experience
in Italian National Health System.

Materials and methods

POPULATION AND DATA SET

Data were collected from Fondazione Policlinico Uni-
versitario Campus Bio-Medico of Rome. All patients
included in the present study underwent Oncotype
DX genomic profiling test between August 2020 and
January 2024 and fell under the “intermediate risk” ac-
cording to Italian Ministry of Health criteria. Oncotype
DX tests were performed on 313 female patients
with hormone receptor (HR)-positive, HER2-negative
breast cancer. Oncotype DX genomic profiling tests
were performed under oncologist prescription. Clinical
and pathological data were collected from the hospital
electronic medical records: age at diagnosis, tumour
histotype, tumour size, nodal status, tumour grade,
ER and PgR expression by immunohistochemistry
(IHC), HER2 score based on IHC + fluorescence in
situ hybridization (FISH), and Ki-67 expression by
IHC. Tumour grade was assessed using Nottingham
combined histologic grade (Elston-Ellis modification
of Scarff-Bloom-Richardson grading system) accord-
ing to 2018 CAP guidelines ™.

GENOMIC EVALUATION

Tumour genomic profile was evaluated by Oncotype
DX. According to the strict pathological guidelines
of the Genomic Health Inc. '3, 15 serial unstained 5
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pm slides from the representative tumour block of the
largest area of highest grade were prepared. In the
case of a multifocal lesion, at least the two most rep-
resentative foci were sent for the evaluation.

From Oncotype DX the following data were collected:
recurrence acore (RS) value, recurrence risk (RR) and
chemotherapy benefit. On these bases, patients were
divided into 5 groups: A) no chemotherapy benefit, B)
benefit < 1%, C) benefit approximately 15%, D) bene-
fit > 15%, E) benefit cannot be excluded. In Groups A
and B chemotherapy is not recommended, whereas
in Group C, D and E chemotherapy is recommended
based on oncological evaluation.

PREDICTIVE IMMUNOHISTOCHEMISTRY MARKERS

Immunohistorhcemistry (IHC) was performed on the
Ventana BenchMark ULTRA (Ventana Medical Sys-
tems, Roche Diagnostics, Tucson, AZ) together with
kit control slides for every staining run, using an au-
tomated validated staining protocol. ER expression
was assessed using ER (SP1) rabbit monoclonal pri-
mary antibody. PgR expression was assessed using
PR (1E2) rabbit monoclonal primary antibody. ER and
PgR status was considered positive if at least 1% of
tumour cells were positive independently from stain-
ing intensity 4. According to ASCO/CAP 2020 guide-
lines, cases showing 1-10% positivity of ER on IHC
were classified as ER-low breast cancers . Ki-67 val-
ue was assessed using anti-Ki-67 (30-9) rabbit mon-
oclonal primary antibody and expressed in terms of
positive cancer cell percentage. Following the Interna-
tional Ki-67 in Breast Cancer Working Group (IKWG)
recommendations, we divided our patients in “Ki-67
low” group if Ki-67 on IHC was <5%, “intermediate Ki-
67” group if Ki-67 was in 5-30% range and “Ki-67 high”
group if Ki-67 was =30% 6. IHC staining using the
PATHWAY® HER-2/neu rabbit monoclonal antibody
4B5 was performed according to the recommenda-
tions of the manufacturer [Package Insert, PATHWAY
anti-HER-2/NEU (4B5) rabbit monoclonal primary
antibody, German, Created: 17.03.2020. Accessed
01.12.2021]. IHC scoring was performed according
to the 2018 ASCO/CAP guidelines’. Cases with 2+
score were further studied by FISH analysis. HER2
gene amplification was analysed using the ZytoLight
FISH-Tissue Implementation KIT and ZytoLight SPEC
ERBB2/CEN 17 Dual Color Probe. (ZYTOVISION -
IVD/CE test) according to the recommendations of
the manufacturer. HER2 FISH breast tumour samples
were evaluated using the updated 2018 ASCO/CAP
guidelines .

CLINICAL ASSESSMENT OF RECURRENCE RISK
To presume the oncological prescription on the basis

of clinicopathological variables, we used PREDICT
2.2 algorithm (https://breast.predict.nhs.uk). In PRE-
DICT 2.2 algorithm Ki-67 on IHC is considered “posi-
tive” if > 10%. Progesterone receptor IHC value is not
part of PREDICT 2.2 algorithm. Mortality reductions
administering third generation (taxane-containing)
chemotherapy regimens was considered. We followed
the Cambridge Breast Unit (UK) '8, which uses the ab-
solute 10-year survival benefit from chemotherapy to
guide decision making for adjuvant chemotherapy as
follows: < 3% chemotherapy not recommended; 3-5%
chemotherapy discussed as a possible option; > 5%
chemotherapy recommended. According to current
clinical practice, we considered chemotherapy choice
if PREDICT 2.2 score was =3.

Econowmic pata

Economic data for patients’ healthcare were collected
from institutional financial registry. We tracked hos-
pital costs for 63 patients that underwent Oncotype
DX test, focusing on one-year period starting from
Oncotype DX report date. All patients were treated
and followed-up at our institution between 2021-2024
time range. For these patients, all health services
costs in one-year follow-up were tracked, i.e., also
costs for services not related to oncological disease
were considered.

One patient of our cohort had chemotherapy indica-
tion according to Oncotype DX, but ultimately did not
receive chemotherapy.

For each patient, we collected: 1) total reimbursement
required, 2) type and 3) number of health services
and 4) number of hospital accesses.

We calculated total reimbursement, total number of
hospital accesses and total number of health servic-
es for patients treated with chemotherapy vs. patients
treated with hormone therapy alone. Costs of genomic
test were also considered (€2000 per test).

STATISTICAL ANALYSIS

We performed the Mann-Whitney U Test for independ-
ent samples to test the economic impact of Oncotype
DX on reimbursements, number of hospital accesses
and number of health services. For this purpose, pa-
tients were divided in endocrine therapy only (Group
1) vs. chemotherapy + endocrine therapy (Group 2)
to be compared. We also investigated possible cor-
relations between clinicopathological variables and
Oncotype DX results using Spearman’s Rank Corre-
lation (r coefficient). Furthermore, correlation between
Oncotype Dx results and PREDICT 2.2 results was
evaluated using Spearman’s Rank Correlation (r coef-
ficient). Statistical significance was determined if the
two-sided p value was < 0.05. All statistical analyses
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were performed with SPSS software (version 29.0.1.0
for Windows, SPSS Inc., Chicago, lllinois, USA).

Results

CLINICAL AND PATHOLOGICAL FEATURES

313 female patients HR-positive and HER2-negative
breast cancer underwent Oncotype DX genomic pro-
filing. Median age at diagnosis was 54 years (range
31-79); 98/313 patients (31.3%) were aged < 50 years
old, 215/313 patients (68.7%) were aged =50 years
old. 139/313 patients (44.4%) were followed at Fon-
dazione Policlinico Universitario Campus Bio-Medico
of Rome hospital, whereas 174/313 patients (55.6%)
were referred from other institutions. Breast cancer his-
totypes at diagnosis were ductal carcinoma (248/313,
79.2%), lobular carcinoma (52/313, 16.6%), micro-
papillary carcinoma (3/313, 1%), mixed ductal-lobular
carcinoma (5/313, 1.6%), mixed ductal-mucinous car-
cinoma (2/313, 0.6%), mucinous (2/313, 0.6%) and
ductal carcinoma with focal neuroendocrine features
(1/313, 0.3%). 55/313 patients had multifocal tumours
(17.6%). 22/313 cases (7%) were G1, 167/313 cases
(53.3%) were G2 and 124/313 (39.6%) cases were

Table I. Clinicopathological data.

G3. Mean tumour size (dT) was 1.8 cm (range 0.35-
8 cm), median value was 1.6 cm. Applying pathologi-
cal primary tumour stage categorisation (pT), 2/313
(0.6%) patients had pT1a tumour; 41/313 (13%) had
pT1b tumour; 174/313 (55.6%) had pTic tumour;
93/313 (29.7%) had pT2 tumour and 3/313 (1%) had
pT3 tumour. Lymph nodes were negative for metasta-
sis in 200/313 patients (63.9%); 71/313 patients had
metastasis in one lymph node (22.7%), 28/313 pa-
tients had metastases in 2 lymph nodes (8.9%) and
13/313 patients had metastases in 3 lymph nodes
(4.2%). One patient had more than three lymph node
metastases (0.3%). All surgical margins were nega-
tive. Data were summarised in Table I.

OncotyPE DX RESULTS

Median RS in our cohort was 16 (IQR: 11-23). Median
RR) was 10% (IQR: 4-16%). According to Oncotype
DX report, 65/313 (20.8%) were classified as “no
chemotherapy benefit” (Group A); 158/313 (50.4%) pa-
tients were classified as “chemotherapy benefit < 1%”
(Group B); 10/313 (3.2%) patients were classified as
“chemotherapy benefit of 15%” (Group C); 42/313
(13.4%) patients were classified as “chemotherapy
benefit > 15%” (Group D); 38/313 (12%) patients
were classified as “chemotherapy benefit could not
be excluded” (Group E). Therefore, a total of 90/313
(28.8%) patients were recommended chemotherapy
according to Oncotype DX results.

Agz.“'t di:f"“is <50 years 9% In Group A, median RS value was 12 (IQR: 10-15),
median: r .
(median: 54 years) _ zo0years 2 median RR was 13% (IQR: 12-14%). In Group B, me-
Lo‘;z;r‘::;z:‘n‘;”:nz o dian RS value was 14 (IQR: 10-19), median RR was
. : . 4% (IQR: 3-6%). In Group C, median RS was 34 (IQR:
Micropapillary carcinoma 3 .
Mixed ductal-lobular 5 32.25-37), median RR was 26% (IQR: 25-29%). In
) carcinoma Group D, median RS was 32.5 (IQR: 28.25-36.75),
S lypes Mixed ductal-mucinous 5 median RR was 21% (IQR: 17.25-24.75%). In Group
carcinoma E, median RS value was 21 (IQR: 19-23.75), median
Mucinous 2 RR was 18% (IQR: 16-19%). Data are presented in
Ductal carcinoma with focal 1
neuroendocrine features
Not multifocal 258 Table Il. Oncotype DX results.
LCl 2 Multifocal 55 Number Median Median
ultitoca Chemotherapy
G1 20 benefit of recurrence recurrence
Grade G2 167 patients score risk
G3 124 No chemotl_1erapy 65 12 13%
benefit
pTia 2
Chemotherapy 158 14 4%
) . pTib 41 . 5
Pathological primary T1c 7 benefit < 1%
tumour (pT) categories P Chemotherapy 10 34 26%
pT2 93 benefit of 15%
pT3 3 Chemotherapy 42 325 21%
0 200 benefit > 15%
1 7 Chemotherapy 38 21 18%
Lymph node N
metastasis 2 28 benefit cannot be
3 13 excluded
>3 1 Total 313 16 10%
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Table II.

RS negatively correlated with ER (r=-0.306; p < 0.001)
and PgR (r = -0.562; p < 0.001), and positively cor-
related with grade (r = 0.358; p < 0.001) and Ki-67
(r=0.287; p < 0.001). Chemotherapy benefit negative-
ly correlated with ER (r = -0.208; p < 0.001) and PgR
(r = -0.426; p < 0.001) and positively correlated with
grade (r = 0.288; p < 0.001), tumour size (r = 0.118;
p < 0.05) and Ki-67 (r = 0.243; p < 0.001).

IHC

Median ER IHC percentage value in our cohort was
95% (IQR: 90-98%). 2/313 (0.6%) cases were clas-
sified as ER-low. Median PgR IHC percentage value
in our cohort was 80% (IQR: 30-95%). Median Ki-
67 IHC percentage value was 25% (IQR: 17-30%).
11/313 (3.5%) cases had Ki-67 value <5% (“Ki-67
low” group); 199/313 (63.6%) cases had Ki-67 value
in 5-30% range (“intermediate Ki-67” group); 103/313
(32.9%) cases had Ki-67 value >30% (“Ki-67 high”
group). 134/313 (42.8%) patients were assessed as
HER2 0 on IHC; 128/313 (40.9%) as HER2 1+; 51/313
(16.3%) as HER2 2+ without HER2 gene amplification
on FISH.

ER-low cases (2/313, 0.6%) were both assigned
“chemotherapy benefit of 15%” by Oncotype DX.

In Ki-67<5% cases, 7/11 (63.6%) were assigned “no
chemotherapy benefit, 2/11 (18.2%) were assigned
“chemotherapy benefit < 1%” and 2/11 (18.2%) were
assigned “chemotherapy benefit cannot be exclud-
ed” by Oncotype DX. In Ki-67 5-30% interval cases,
45/199 (22.6%) were assigned “no chemotherapy ben-
efit; 104/199 (52.3%) were assigned “chemotherapy
benefit < 1% 5/199 (2.5%) were assigned “chemo-
therapy benefit of 15%’ 16/199 (8%) were assigned
“chemotherapy benefit > 15%” and 29/199 (14.6%)
were assigned “chemotherapy benefit cannot be ex-
cluded” by Oncotype DX. In Ki-67>=30% cases, 13/103
(12.6%) were assigned “no chemotherapy benefit,
52/103 (50.5%) were assigned “chemotherapy ben-
efit < 1% 5/103 (4.9%) were assigned “chemother-
apy benefit of 15%, 26/103 (25.2%) were assigned
“chemotherapy benefit > 15%” and 7/103 (6.8%) were
assigned “chemotherapy benefit cannot be excluded”
by Oncotype DX. As a result, in Ki-67<5% cases 2/11
(18.2%) patients were recommended chemotherapy
by Oncotype DX, in Ki-67 5-30% 149/199 (74.9%)
were not recommended chemotherapy by Oncotype
DX and in Ki-67>30% cases 65/103 (63.1%) patients
were not recommended chemotherapy by Oncotype
DX.

A positive correlation was found between ER and PgR
(r = 0.247; p < 0.001); also, PgR negatively correlat-
ed with grade (r = -0.286; p < 0.001) and with Ki-67

(r=-0.142; p < 0.001). Ki-67 positively correlated with
grade (r = 0.446; p < 0.001). Lymph node metasta-
sis positively correlated with tumour size (r = 0.132;
p < 0.05) and multifocality (r = 0.160; p < 0.05).

PREDICT 2.2 rResuLTs

Median PREDICT 2.2 score was 3.3% (range: 0.3-
13.2%) in our cohort. 147/313 (47%) patients had PRE-
DICT 2.2 score 3%, meaning no chemotherapy indica-
tion; median PREDICT 2.2 score in this group was 2%.
91/313 (29%) patients had PREDICT 2.2 score in 3-5%
range, which is a range of unclear indication for chemo-
therapy; median PREDICT 2.2 score in this group was
4%. 75/313 (24%) patients had PREDICT 2.2 score
>5%, meaning chemotherapy is recommended; medi-
an PREDICT 2.2 score in this group was 6%. Following
clinical practice decision making, chemotherapy is usu-
ally prescribed when PREDICT 2.2 score > 3%; there-
fore, we assume that chemotherapy would be indicated
in a total number of 166/313 (53%) patients.

PREDICT 2.2 score positively correlated with RS
(r =0.249; p < 0.001), RR (r = 0.393; p < 0.001) and
chemotherapy benefit according to Oncotype DX
(r=0.192; p < 0.001); moreover, chemotherapy bene-
fit according to PREDICT 2.2 positively correlated with
RS (r = 0.239; p < 0.001), RR (r = 0.338; p < 0.001)
and with chemotherapy benefit according to Oncotype
DX (r =0.197; p < 0.001).

CHEMOTHERAPY PRESCRIPTION: COMPARISON BETWEEN
Oncotyre DX ano PREDICT 2.2

According to the Oncotype DX results, 223/313 (71.2%)
patients were not recommended chemotherapy; ac-
cording to PREDICT 2.2 scenario, 147/313 (47%) pa-
tients were not recommended chemotherapy. As a re-
sult, genomic test approach led to a general decrease
of 24.2% in chemotherapy prescription compared to a
traditional clinicopathological approach.

We investigated discordant cases. Considering pa-
tients without chemotherapy recommendation by
PREDICT 2.2 (PREDICT 2.2 score <3%, 147/313),
23/147 (15.6%) patients had chemotherapy indication
according to Oncotype DX. Considering patients with
borderline PREDICT 2.2 score range 3-5% (91/313),
in 66/91 (72.5%) cases Oncotype DX did not rec-

Table lll. Comparison between Oncotype DX vs. PREDICT
2.2 chemotherapy indication.
Chemotherapy indication Oncotype DX

ch " Yes No Total
CIIEUCEE) Yes 67 99 166
|nd|cat|o:2PFlEDICT No 23 124 147

Total 90 223 313
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Table IV. Oncotype DX chemotherapy recommendation in  Table V. Economic data.
different PREDICT 2.2 score ranges. Chemotherapy .
+ endocrine Susocne
PREDICT Chemotherapy Chemotherapy Total - therapy only Difference
recommended not recommended erapy 48/63
2.2 score : . number 15/63 ( )
ranae according to accordingto Ll ( )
9 Oncotype DX Oncotype DX P Number of 44 23 21
<3% 23 124 147 accesses
3-5% o5 66 91 (median value)
>5% 42 33 75 Number of 228 113 115
Total 90 223 313 services
(median values)
Reimbursement €11746 €8935 €2811
(median value)

ommend chemotherapy. Considering patients with
PREDICT 2.2 indication for chemotherapy (PREDICT
2.2 score > 5%, 75/313), in 33/75 (44%) patients On-
cotype DX did not recommend chemotherapy. These
data are summarised in Table Il and IV.

If we consider the total number of patients being rec-
ommended chemotherapy according to PREDICT 2.2
score (166/313), in 99/166 (59.6%) patients Oncotype
DX did not recommend chemotherapy. Considering the
total number of patients in our cohort, we assume that
Oncotype DX vs. PREDICT 2.2 changed oncologist’s
prescription from chemotherapy + endocrine therapy to
endocrine therapy alone in 99/313 (31.6%) patients.

EcoNoMIC EVALUATION AND HEALTH SERVICES

We tracked hospital costs for 63 patients who under-
went Oncotype DX test. For each patient, we focused
on a one-year period starting from Oncotype DX re-
port date. All patients were treated and followed-up at
our institution between 2021-2024 time range. 45/63
(71.4%) patients also received radiotherapy; radio-
therapy costs for these patients were tracked and in-
cluded in health services costs in one-year follow-up.
We collected costs and reimbursement for each ac-
cess. All these patients received endocrine therapy;
15/63 patients (23.8%) also received chemotherapy.
Oncotype DX test single cost was €2000; health ser-
vices costs were based on National tariffs for Italian
NHS service.

Median reimbursement for patients who underwent
only endocrine therapy (48/63, 76.2%, Group 1) was
€8935 (IQR: €6402.75 - €10,683.5); median number
of health services was 113 (range: 5-208); median
number of hospital accesses was 23 (range: 2-35). To-
tal reimbursements for these patients were €405,650.
Median reimbursement for patients who underwent
chemotherapy + endocrine therapy (15/63, 23.8%,
Group 2) was €11,746 (IQR: €10,485.5 - €14124.5);
median number of health services was 228 (range:
90-335); median number of accesses was 44 (range:
32-65). Total reimbursements for these patients were
€20,4248.

Comparing median values between patients that re-
ceived chemotherapy and patients that did not, there
is a difference of €2811 in reimbursement, a difference
of 21 hospital accesses and a difference of 115 health
services (Tab. V).

Comparing patients treated with chemotherapy vs.
endocrine treatment only, a statistically significant
difference was found in terms of reimbursements
(p < 0.001; Fig. 1A), number of accesses (p < 0.001;
Fig. 1B) and number of health services (p < 0.001;
Fig. 1C).

Discussion

This study on 313 breast cancer patients demonstrates
that Oncotype DX application results in a general de-
crease of 24.2% in chemotherapy prescription. In pa-
tients where a traditional clinicopathological approach
would have indicated chemotherapy, Oncotype DX
application resulted in avoidance of chemotherapy in
59.6% of them. All these results show that Oncotype
DX reduced chemotherapy treatment in ER+/HER2-
early breast cancer.

An initial overview by Schaafsma et al, focusing on
the impact of Oncotype DX after first decade of use,
showed that the use Oncotype DX increase is asso-
ciated with a decrease in the prescription of chemo-
therapy; moreover, they demonstrated a survival im-
provement in patients after Oncotype DX testing™.
Other recent studies have demonstrated a substantial
reduction in chemotherapy prescription in post-On-
cotype DX setting. A study on 828 ER-positive,
HER2-negative, 1-3 lymph node-positive early-stage
breast cancer patients across 5 Irish cancer centres
recently reported a 58% reduction in chemotherapy
administration after Oncotype DX performance; more-
over, economic savings of over €6 million in chemo-
therapy-related costs were estimated and, deducting
the assay cost, estimated net savings of over €3.3
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Figure 1. (A) Reimbursement analysis. Box plot representing reimbursement distribution in Group 1 (patients of our co-
hort receiving endocrine therapy only) and Group 2 (patients of our cohort receiving chemotherapy + endocrine therapy).
A difference of €2811 between median reimbursement of Group 1 and Group 2 was found, which is statistically significant
(p <0.001): through Oncotype DX application, reducing chemotherapy treatment results in lower costs for the National Health
System. Reimbursements are calculated in Eur (€). (B) Hospital accesses analysis. This figure represents the distribution of
number of hospital accesses in Group 1 (endocrine therapy only) and Group 2 (chemotherapy + endocrine therapy). A dif-
ference of 21 hospital accesses between median accesses of Group 1 and Group 2 was found, with Group 1 patients having
more hospital accesses because of chemotherapy and/or other health needing. This difference was statistically significant
(p < 0.001). (C) Health services analysis. This figure represents the distribution of number of health services in Group 1 (en-
docrine therapy only) and Group 2 (chemotherapy + endocrine therapy). Difference between median health services of Group
1 and Group 2 was 115. This difference was statistically significant (p < 0.001) and reflects the need for more health services
in Group 1, which is not only strictly related to chemotherapy but also includes other type of health necessities.

million were achieved ®. Another study on 30 patients  of cases chemotherapy was added to adjuvant en-
in an ltalian hospital demonstrated a change in 30%  docrine therapy 2'. Another study evaluating the im-
of recommendations after Oncotype DX; in 20% of  pact of a 21-gene assay on 179 women from a public
cases chemotherapy was omitted, whereas in 10%  health care system in Brazil registered a change from
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chemotherapy prescription to endocrine therapy alone
in 65% of patients 22. This general trend in reduction
in chemotherapy prescription is therefore consistent
with our results.

In our study, we found that 18.2% of patients with Ki-
67<5% were recommended chemotherapy and that
74.9% of patients with intermediate Ki-67 5-30% and
63.1% of patients with Ki-67 = 30% could be spared
chemotherapy according Oncotype DX. Therefore, in
our study Ki-67 thresholds from Ki-67 in Breast Can-
cer Working Group recommendations did not result
in a reliable method for estimating RS and patient
chemotherapy benefit, and genomic test application
can be useful in guiding treatment decisions even in
these groups.

This is in line with results of another Italian study
conducted in six referral cancer centres in Lombardy,
which proved that genomic test application can be
effective in tailoring patient’s treatment also in cas-
es with high (=30%) or low (<20%) Ki-67 levels 23. A
study on 525 patients with hormone receptor-positive
breast cancer focused on the relationship between Ki-
67 value on IHC and the Oncotype DX Recurrence
Score; patients were divided in three risk categories
of IKWG (Ki-67<5%, Ki-67 6-29%, Ki-67>30%) as in
our study, and distribution of RS was evaluated across
different Ki-67 categories. The authors demonstrated
that across all risk categories, especially in low and
intermediate risk, Ki-67 had limited utility in identifying
patients with high or low RS. In detail, 89% of patients
with intermediate Ki-67 and 68% of patients with high
Ki-67 would be spared chemotherapy, whereas in low
Ki-67 group 6% of patients had a high RS. These re-
sults support our findings and show similar distribu-
tion of RS across Ki-67 groups 4.

Furthermore, we observed that patients receiving
chemotherapy had higher median cost value than pa-
tients not receiving this treatment, with a difference
of €2811 after 1 year of follow-up. Moreover, patients
undergoing chemotherapy received on average 115
more health services and performed 21 more hospital
accesses than patients that did not receive it. These
data highlight major impact of chemotherapy prescrip-
tion both on patient’s health and our economic system.
Our results are in line with other studies that, through
mathematical model analyses, supported an On-
cotype DX-associated economic benefit. For exam-
ple, Berdunov et al. suggested that Oncotype DX is
cost-saving in NO and N1 early breast cancer when
compared to clinical-pathological risk factors alone to
guide adjuvant treatment in an economic-effective-
ness model. In NO group, an accurate selection of
patients after RS results led to reduction in probabil-
ity of local and distant recurrence, driving long-term

cost savings. In N1 group, cost savings derived from
chemotherapy reduction in postmenopausal women
of the cohort 5. Additionally, various studies estimated
economic impact of Oncotype DX in clinical practice.
Mariotto et al. estimated the monetary impact of On-
cotype DX comparing pre- and post-TAILORx scenar-
ios using US population data. The authors estimate
a net cost saving of $49 million during the initial 12
months of breast cancer care. Personalising patient
care based on genomic test results could lower short-
term costs, as our study also reflects 6. Another study
from the Netherlands focused on a cost-consequence
model aimed at comparing three scenarios (Oncotype
DX, MammaPrint, no genomic test) and impact of
genomic tests. Both genomic tests resulted to be
cost saving by reducing chemotherapy prescription if
compared to a no genomic test scenario. Also, On-
cotype DX was associated to lower costs for disease
recurrence and lower economic productivity losses
compared to MammaPrint 2. Moreover, a recent trial
conducted on 664 patients from 14 centers in the UK
demonstrated having node-positive, hormone recep-
tor-positive, HER2-negative breast cancer estimated
that Oncotype DX led to a significant savings of £787
per patient, along with greater level of confidence in
physicians and patients 28. All these data underline
Oncotype DX impact both on economy and on ad-
verse effects and patient quality of life.

From an economic and financial point of view, we also
highlight that Oncotype DX is a centralised test and
did not result in extra organisational demand for our
institution, considering technologies, laboratory activ-
ities and staff, with no need for a specialised pathway.
However, a direct comparison between an outsource
model and in-house testing approach should be con-
sidered to evaluate possible economic differences.
Our study has some limitations. Firstly, we have data
regarding only one-year period of follow-up; hence,
collecting data on a longer range of time will be our
future aim to verify real economic benefit. Secondly,
we have focused on economic data that are of main
interest for the Italian National Health System. Further
economic benefits for our society and economic con-
sequences on patient’s quality of life (i.e., absence
from work to undergo therapy, aesthetic costs, exc.)
have not been considered in this study. Thirdly, our
cohort is composed of patients that could have ac-
cess with reimbursement to genomic test according
to ministerial criteria; thus, it is a specifically selected
group, and results cannot be generalised for the total
breast cancer population. Intermediate-risk cases are
characterised by major uncertainty on chemotherapy
benefit and survival; thus, this category benefits the
most from genomic testing. Even if our quantitative re-
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sults cannot be generalised, it should be noted that a
genomic-based approach applied on the entire breast
cancer population would lead to a change of prescrip-
tion also in some cases falling into low- and high-risk

group.

Conclusions

Our study demonstrates clinical benefit of Oncotype
DX test in HR-positive, HER2-negative breast cancer
patients, leading to general reduction in chemother-
apy prescription; also, to the best of our knowledge,
the economic benefit of Oncotype DX in clinical prac-
tice is demonstrated here for the first time by concrete
assessment of reimbursements over one year of fol-
low-up. Therefore, our outcomes confirm that genomic
tests allow personalisation of treatments and lowering
of adjuvant chemotherapy, which bring substantial
benefits not only for the patient’s health, but also for
the overall economic impact.
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