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Abstract

Background: The 21-gene Breast Recurrence Score (RS) assay, “the assay’ has led to a paradigm shift for patients with hormone receptorpos-
itive, node-negative early breast cancer and is emerging as an important tool to assist physician-patient decisions in foregoing chemotherapy in
node-positive patients. We wanted to better understand the impact of the RS assay in node-positive patients upon physician treatment decisions
and treatment cost in Quebec, Canada.

Patients and Methods: \We conducted a multicenter, prospective observational trial for Estrogen/Progesterone Receptor (ER/PR)- positive,
Human Epidermal Growth Factor Receptor 2 (HER2)-negative breast cancer patients with 1-3 positive lymph nodes. Physicians completed a
guestionnaire indicating treatment choice prior to and post availability of RS results. The primary endpoint was change in the physician’s recom-
mendation for chemotherapy prior to and post assay results. Secondary endpoints included change in physician’s expressed level of confidence,
and changes in estimated cost of recommended treatments prior to and post assay results.

Results: For the entire cohort, physician recommendation for chemotherapy was reduced by an absolute 67.1% by knowledge of the RS assay
result (P < .0001). Physician recommendation of chemotherapy was decreased by 75.9% for patients RS result <14 (P < .0001); and 67.5% for
patients with RS result 14-25 (P < .0001). Changes in treatment recommendations were associated with an overall reduction in cost by 73.7%
per patient, and after incorporating the cost of the RS test, a cost benefit of $823 CAN at 6-month follow-up.

Conclusion: Altogether, we established that the assay led to a two-third reduction in the use of chemotherapy, and was a cost-effective
approach for hormone receptor-positive, node-positive breast cancer.

Implications for Practice

This prospective, multicenter study evaluated the impact of the Recurrence Score (RS) assay on physician treatment decisions and
cost in patients with hormone receptorpositive, node-positive breast cancer in Quebec, the second largest province of Canada. This
study is unique in that the investigators analyzed physician treatment recommendations using RS cutpoints from 3 landmark studies,
including the RxPONDER trial. Since the patient cohort was very similar to the RxPONDER trial, the two-third reduction in chemotherapy
recommendation and three-fourth reduction in cost is highly relevant, and has potential to have important implications on long-term
outcomes.
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Introduction

Although lymph-node positivity has been considered the
strongest prognostic biomarker,! genomic analysis of the
primary tumor has become an important tool in assisting
patient-physician decisions regarding the need for adjuvant
chemotherapy in early estrogen receptor (ER)-positive breast
cancer patients.”* In particular, the Oncotype DX Breast
Recurrence Score (RS) assay (“the assay”), a 21-gene reverse
transcription-polymerase chain reaction test, has assisted in
the selection of node-negative and node-positive patients that
can either benefit or forego chemotherapy.’”

Amongst node-negative patients, the RS assay result was
first evaluated retrospectively in 2 National Surgical Adjuvant
Breast and Bowel Project (NSABP) trials using 3 risk catego-
ries, low risk (RS < 18), intermediate risk (RS, 18-30), and
high risk (RS > 30).%% In the tamoxifen-only arm of the NSABP
B-14 trial, patients in the low-risk group demonstrated a
much lower rate of distant recurrence, while patients with
high-risk tumors demonstrated a large benefit when treated
with chemotherapy in the NSABP-B20 trial. In the prospec-
tive randomized Trial Assigning Individualized Options for
Treatment (TAILORx), patients with RS 11-25 received
either endocrine or chemo-endocrine therapy, and demon-
strated similar freedom from recurrence of breast cancer at
distant or locoregional site (92.2% and 92.9%, respectively),
and overall survival (OS) (93.9% and 93.8%, respectively)
with a follow-up of 9 years.® However, for patients <50 years,
the freedom from recurrence of breast cancer at a distant
or locoregional site for patients receiving endocrine vs che-
mo-endocrine therapy was 89.6% and 93.0%, respectively
for patients with RS 16-20, and 82.0% and 90.7%, respec-
tively, for patients with RS 21-25. Overall, this landmark
study demonstrated that up to 85% of patients with early
breast cancer could forego chemotherapy.

In addition to node-negative disease, several retrospective
studies evaluated the prognostic and/or predictive poten-
tial of the RS result in exclusively ER-positive node-positive
patients.”” In the Southwest Oncology Group (SWOG)-
8814 study,'! a phase III trial for postmenopausal women,
although no benefit was observed for the low or intermediate
RS groups, amongst the high-risk RS group, a 12% and 17%
improvement in the chemo-endocrine arm vs endocrine arms
for 10-year disease-free survival (DFS) and OS was observed,
respectively. In the hormone receptor-positive cohort of the
NSABP-B28 trial, in which node-positive patients were treated
with chemotherapy,'?>'* there was a strong correlation of RS
groups with distant recurrence, for both early and late events.
The RS result was also associated in a statistically significant
manner with DFS, distant recurrence-free interval, OS, and
breast cancer-specific survival (BCSS), both in univariate and
multivariate analysis.

Using the RS cutpoints of the TAILORx study,® a review
of the Surveillance, Epidemiology, and End Results (SEER)
database identified 19.6% of the patients to be low-risk (RS
< 11), 65.7% intermediate-risk (RS 11-25), and 14.7% high
risk (RS > 25).' With a median follow-up of 57 months, the
RS risk-groups and pathologic stage groups were shown to
be independent prognostic factors for BCSS and OS after
multivariate analysis. The West German Study Group Plan
B trial''® prospectively integrated the RS result in patients
with <4 positive nodes to omit chemotherapy if RS < 11 or
randomized to receive anthracycline-based chemotherapy
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versus anthracycline-free chemotherapy if RS > 12. Among
the patients with RS < 11 who received endocrine therapy, the
S-year DFS and OS was 94% and 99 %, respectively. In che-
motherapy-treated patients, the DFS and OS was 94% and
97% if RS 12-25, and 84% and 93% if RS > 25, respectively.
Interestingly, the study demonstrated the non-inferiority of an
anthracycline containing vs anthracycline-free regimen in a
genomically intermediate and high-risk cohort.

The SWOG S1007 clinical trial RX for Positive Node,
Endocrine Responsive breast cancer (RxPONDER) was a pro-
spective phase III randomized controlled trial that compared
the efficacy of endocrine therapy vs chemo-endocrine therapy
in hormone receptor-positive HER2-negative patients with
1-3 positive lymph nodes with an RS < 25.7 Post-menopausal
women did not demonstrate any benefit with chemo-endo-
crine therapy in comparison to endocrine therapy, with a
S-year invasive DFS at 91.3% vs 91.9%. For premenopausal
women, the 5-year invasive DFS was 93.9% for chemo-en-
docrine therapy, in comparison to 89.0% for endocrine ther-
apy alone (P = .002). Using the pre-specified cutpoints, for
S-year invasive DFS, pre-menopausal women demonstrated
a trend for improvement with chemo-endocrine therapy with
RS 0-13 (3.9% benefit, P = .06), and a 5.8% improvement
with RS 14-25 (P = .02).

Since the prognostic and predictive value of the RS in
node-positive patients was demonstrated in several retrospec-
tive studies and one prospective study (prior to the reporting
of RxPONDER study results), we wanted to determine the
utility of the assay in Quebec, the second largest province
in Canada. The aim of our study was to evaluate the clini-
cal utility and economic impact of the assay among patients
with hormone receptor positive, node-positive breast cancer.
Therefore, we conducted a prospective multicenter study to
determine the impact of the assay upon physician treatment
decisions and overall cost.

Methods

Patients and Eligibility Criteria

The study is part of a larger protocol called NeaOngq, which
evaluates the impact of the assay result on changes in phy-
sician treatment decisions in 2 distinct patient populations
for neoadjuvant and adjuvant chemotherapy. We are report-
ing the results of the first component for the adjuvant setting
which includes patients who have undergone surgical treat-
ment for breast cancer with adequate evaluation of lymph
node status by a sentinel lymph node biopsy or full axillary
dissection with histologically proven T1-T3 disease and 1-3
positive lymph nodes. Tumor size was obtained from the
surgical pathology report. Tumors were either ER or proges-
terone receptor (PR)-positive, defined as >10% tumor stain-
ing by immunohistochemistry (IHC) and Human Epidermal
Growth Factor Receptor 2 (HER2)-negative, defined by either
IHC or fluorescence in situ hybridization (FISH). As per the
2018 ASCO/CAP guidelines, HER2-negative tumors were
defined either by an IHC score of 0 or 1+. If IHC was equiv-
ocal or 2+, FISH was then conducted and HER2 considered
negative if HER2/CEP17 ratio < 2.0 or HER2 copy number
< 4.0. Multicentric or multifocal tumors were allowed with a
maximum of 2 foci, for which both were ER/PR positive and
HER2 negative, wherein tissue samples from both foci were
submitted for the assay. Patients needed to be >18 years of
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age, with an adequate performance status (ECOG < 1), and
no contraindication for treatment with systemic chemother-
apy in addition to anti-hormonal therapy. Physicians were to
include those patients for whom the benefit of chemother-
apy was uncertain and would consider a change in treatment
recommendation.

Exclusion criteria included male patients, clinical or
radiologic evidence of metastatic disease, synchronous or
metachronous contralateral invasive breast cancer, and any
radiation therapy, chemotherapy, anti-hormonal therapy
and/or targeted therapy for the currently diagnosed breast
cancer prior to registration. Patients were also excluded if
there was a history of ipsilateral invasive breast cancer, ipsi-
lateral DCIS (ductal carcinoma in situ) if treated with radia-
tion therapy, history of non-breast malignancies, except for
in situ cancers treated only by local excision, or basal or
squamous cell carcinomas of the skin within 5 years prior
to registration.

Trial Design

This trial was designed as a prospective, multicenter observa-
tional study under the McPeak Sirois Group, consisting of 5
hospital centers in Quebec. Institutional ethics approval was
obtained at each of the 3 sites including: the CHUM (Centre
hospitalier de I'Université de Montréal), CHUQ (Centre
hospitalier universitaire de Québec), Hopital Maisonneuve-
Rosement, Jewish General Hospital, and CUSM (Centre
Universitaire de Santé McGill). Informed consent was
obtained for all patients.

Patients had an initial consultation with their oncologist in
which treatment options were discussed. The physician then
completed a baseline pre-assay questionnaire (Supplementary
Material), indicating their recommended treatment based
upon the available clinicopathological data. Following the
completion of this questionnaire, the tissue block(s) were sent
for assay testing.

The physician discussed the assay results with the
patient and completed a separate post-assay questionnaire
(Supplementary Material). The choice of adjuvant chemo-
therapy or anti-hormonal therapy was at the discretion of
the treating physician. The treatment recommended to the
patient was recorded. Furthermore, the actual treatment
administered (prescribed) was also recorded to take into
consideration patient’s choice of treatment. In addition,
information on anticipated additional supportive growth
factor therapy was collected to estimate the total cost
associated with chemotherapy pre- and post-assay results.
Follow-up was conducted 6 months after the start of adju-
vant treatment to determine if the prescribed therapy was
still being administered to the patient (Supplementary
Material). Patients were considered to have received
anti-hormonal therapy if they received either tamoxifen, an
aromatase inhibitor, or ovarian suppression via surgical or
chemical approaches.

Outcomes

The primary endpoint of the study is the evaluation of the
impact of the assay result on changes between physicians’
recommendations for adjuvant chemotherapy prior to and
post-assay, and actual treatment delivered after receipt of
the assay result. Secondary endpoints include evaluation of
changes in physicians’ expressed level of confidence in their
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treatment recommendations, evaluation of changes in spe-
cific recommended chemotherapy or hormonal therapeutic
regimens (including ovarian suppression therapy), evaluation
of changes in intended use of supportive therapies includ-
ing growth factor therapy, and assessment of the economic
impact associated with the use of the assay result.

Cost Analysis

Drug costs were obtained from the CHUM Oncology
Pharmacy (Centre Integré de Cancérologie du CHUM), which
are comparable to other Quebec sites. The different chemo-
therapy regimens and use of growth factor supportive therapy
proposed by the physician pre- and post-assay were captured
from the physician questionnaire. The cost of anti-emetics
and pre-medications was calculated for each chemotherapy
regimen. The total cost of chemotherapy comprised the cost
of the chemotherapy drugs themselves, growth factor sup-
portive therapy, and anti-emetics, and pre-medications. Mean
hourly rates of nursing assistants, nurses, pharmacists, and
technicians were obtained from their respective Quebec col-
lective agreements. The cost of blood tests for each chemo-
therapy regimen was also calculated, including salaries for
nursing assistants for blood procurement and blood test anal-
ysis (based on hematology and biochemistry laboratory rates
at CHUM). Pharmacy costs were derived from the allocated
times for each regimen from Cancer Care Ontario," which is
representative of the practice in CHUM and Quebec. Here,
the salaries were divided into 60% pharmacist and 40%
technician. The salaries for nurses were reflective of time
needed for infusion of each treatment and patient counselling
throughout the treatment. Physician fees were obtained from
the RAMQ (Regie de I’assurance maladie de Quebec), using
the mean for medical and surgical oncologists fee per service
for a new consultation and oncological follow-up visits. Total
cost also incorporated the cost of the RS test and cost savings
represented the difference between the pre-RS assay cost and
either the total cost post-RS assay recommendation or at the
6-month follow-up time point.

Sample Size

Sample size is based on the McNemar test comparing the
pre-assay proportion of patients with recommended che-
mo-hormonal therapy vs the post-assay proportion actually
receiving chemo-hormonal therapy.

Assuming a net reduction in chemotherapy use of 28 % and
the proportion of discordant pairs (patients with discordance
between the recommended therapy prior to ordering the
assay and the actual therapy received after the assay results
are received) not to exceed 70%, a sample size of 70 patients
was calculated to have more than 80% power, to detect a dif-
ference of 28% with a 0.05 2-sided significance level.

Statistical Analysis
Patients and tumor characteristics were summarized using
descriptive statistics as follows: categorical variables were
summarized as counts and percentages, and continuous vari-
ables as medians and ranges. All statistical tests were con-
ducted at a 2-sided a level of 0.05. Statistical analysis was
done using SAS version 9.4.

Pre-assay treatment recommendation, post-assay recom-
mendation, and treatment prescribed post-assay was ana-
lyzed using a generalized estimating equations (GEE) model
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that accounted for the correlated nature of the assessments.
The binary variable therapy (anti-hormonal therapy only
or chemo-hormonal therapy) was the dependent variable
and timing (pre-assay recommendation, post-assay recom-
mendation, post-assay prescription) was the independent
variable. Under this model, odds ratios (odds of recom-
mending/prescribing chemo-hormonal therapy post-assay/
odds of recommending chemo-hormonal therapy pre-as-
say) were calculated and were presented with 95% CI. For
patients who were <50 years or pre-menopausal, the GEE
model could not be used because there were no subjects
who were recommended to receive anti-hormonal therapy
pre-assay. Here, the McNemar exact test was used to cal-
culate the odds ratio and P-value.

Physician confidence in treatment was also analyzed using
a GEE model, with the ordinal variable physician confidence
(somewhat not confident, neutral, somewhat confident,
strongly confident) as the dependent variable and timing
(pre-assay or post-assay recommendation) as the indepen-
dent variable. Odds ratio (odds of a higher level of confidence
post-assay/odds of a higher level of confidence pre-assay)
was calculated and presented with 95% CI. Finally, usage
of growth factor was analyzed similarly with a GEE model,
with the nominal variable usage of growth factor (yes, no,
unknown) as the dependent variable and timing (pre-assay
recommendation, post-assay recommendation, or 6 months)
as the independent variable. Again, odds ratios (odds of rec-
ommending growth factor post-assay/odds of recommending
growth factor pre-assay; odds of using growth factor at 6
months/odds of recommending growth factor pre-assay) were
calculated and presented with 95% CI.

Results

Seventy-one patients were enrolled in the study between March
2018 and September 2019 as described in Supplementary Fig.
S1. One patient withdrew consent, leaving 70 patients eligible
for Oncotype DX testing and evaluation for study outcomes.
Patients were enrolled at each of the 5 hospital centers which
are part of the McPeak Sirois Group of Quebec.

All patients had an ECOG performance status of 0. None
of the patients demonstrated clinical or radiologic evidence of
metastatic disease at registration. Clinicopathological charac-
teristics are summarized in Table 1. Eighty-one percent of the
patients were >50 years and 77.1% of the patients were post-
menopausal. The median tumor size was 1.9 cm, with 65.7%
of the tumors < 2 cm. All patient tumors were ER-positive
and HER2-negative, while <10% were PR-negative. Sixty-
four percent of patients had 1 positive lymph node, 25.7%
had 2 positive lymph nodes, and 10.0% of patients had 3
positive lymph nodes. Among the 9 patients (12.9%) with
multicentric and multifocal tumors, second tumor (tumor 2)
size was available for 7 patients, of which median tumor size
was 0.9 cm and 71.4% demonstrated the absence of lympho-
vascular invasion (5/7 evaluable) (Supplementary Table S1).

We categorized the RS result of tumor 1 using 3 differ-
ent cutpoint thresholds: as per prespecified cutpoints of
the RxPONDER trial™® (0-13, 14-25, >25), TAILORx
trial (0-10, 11-25, >25),'° and Paik et al’s cutpoints (0-18,
18-30, >30)° (Table 2, Supplementary Table S2). Forty-one
percent (N = 29) of the cohort had a RS result 0-13, 52.9%
(N = 37) had a RS result 14-25, and 5.7% (N = 4) had a RS
result 26-100. RS results for tumor 2 were available for 3
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Table 1. Clinico-pathological characteristics of tumor 1 and patient cohort.

Variable No. of patients (%) Median (range)
Age (years) 61 (38-82)

<50 13 (18.6)

50-59 18 (25.7)

60-69 21 (30.0)

>70 18 (25.7)
Menopausal status

Pre-menopausal 16 (22.9

Post-menopausal 54 (77.1)
Histology subtype

Ductal 59 (84.3)

Lobular 7 (10.0

Mixed 4(5.7)
Tumor size (cm) 1.9 (0.6-5.0)

<2 46 (65.7)

52 24 (34.3)
Tumor grade

1 15 (21.4)

2 43 (61.4)

3 12 (17.1)
Lymphovascular invasion

Yes 38 (54.3)

No 30 (42.9)

NA 2(2.9)
ER status

Positive 70 (100.0)

Negative 0 (0.0)
PR status

Positive 64 (91.4)

Negative 6 (8.6)
HER2 status

Positive 0 (0.0)

Negative 70 (100.0)
Ki67 positivity

0-10% 5(7.1)

11-20% 5(7.1)

>21% 4(5.7)

Not done 56 (80.0)
Multicentric or multifocal tumor

Yes 9 (12.9)

No 46 (65.7)

NA 15 (21.4)
N stage

N1mic 21 (30.0)

N1 49 (70.0)
No. of positive lymph nodes

1 45 (64.3)

2 18 (25.7)

3 7 (10.0)

patients, but did not change physician recommendation any
differently from tumor 1. Therefore, no further analysis was
performed on tumor 2.
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Table 2. Variables categorized as per Recurrence Score result with
RxPONDER trial” cutpoints.

Variable RS categories
0-13 14-25 26-100

Overall population 29 (41.4) 37 (52.9) 4(5.7)
Age (years)

<50 3(23.1) 9 (69.2) 1(7.7)

>50 26 (45.6) 28 (49.1) 3(5.3)
Menopausal status

Pre-menopausal 3 (18.9) 12 (75.0) 1(6.3)

Post-menopausal 26 (4 25 (46.3) 3(5.6
Tumor size (cm)

<2 20 (43.5) 23 (50.0) (6.5)

>2 9 (37.5) 14 (58.3) 42
Tumor grade

1 8 (53.3) 7 (46.7) 0 (0.0)

2 19 (44.2) 23 (53.5) (2.3

3 2(16.7) 7(58.3) 3(25.0)
Lymphovascular invasion

Yes 16 (42.1) 20 (52.6) (5.3)

No 12 (40.0) 16 (53.3) 6.7
PR status

Positive 29 (45.3) 33 (51.6) 2(3.1)

Negative 0 (0.0) 4(66.7) 2(33.3)
No. of positive lymph nodes

1 19 (42.2) 24 (53.3) (4.4)

2or3 10 (40.0) 13 (52.0) 2 (8.0)

We determined the impact of the assay by evaluating phy-
sician recommendation of chemotherapy pre- and post-assay
(Table 3). For all patients, we identified an absolute reduction
in chemotherapy recommendation of 67.1%, from pre-assay
(90.0%) to post-assay (22.9%), odd’s ratio (OR) 0.03; 95%
CI, 0.01-0.08; P < .0001. We also evaluated the change in
chemotherapy recommendation in several patient subpopu-
lations. Interestingly, we determined that the absolute reduc-
tion in chemotherapy was 38.5% for patients <50 years
(P =.06), and 43.8% (P = .02) in pre-menopausal women.
Among the pre-menopausal patients who were switched to
endocrine therapy alone, 42.9% of patients (3/7) were rec-
ommended an aromatase inhibitor with ovarian suppression.
Physician recommendation for chemotherapy was reduced by
74% for both patients 250 years and postmenopausal women
(P <.0001 for both groups). There was a noteworthy decrease
in physician recommendation for chemotherapy, irrespective
of the context of one positive lymph node, by 73.3% (OR
0.02; 95% CI0.01-0.07; P < .0001), or 2 or 3 positive lymph
nodes, by 56.0% (OR 0.06; 95% CI 0.02-0.23; P < .0001).

We also evaluated the change in physician recommendation
using different RS cutpoints. The change in physician recom-
mendation was observed to a similar extent with RS < 18:
77.1% (OR 0.02; 95% CI 0.01-0.05; P < .001), and with
RS < 14: 75.9% (OR 0.01; 95% CI 0.00-0.08; P < .0001).
However, we observed somewhat different proportions of
changes in physician recommendations with different inter-
mediate RS cutpoints. The reduction in physician recommen-
dation for chemotherapy for RS 14-25 was 67.6% (OR 0.01;
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95% CI, 0.00-0.09; P < .0001; in comparison to RS 18-30
was 47.6% (OR 0.05; 95% CI, 0.01-0.34; P = .003).

In addition to the post-assay physician recommendation,
we also evaluated: treatments that were actually prescribed—
to take into account patient preference (post-assay prescrip-
tion, Supplementary Table S3), and which treatments were
being administered at a 6-month follow-up (6-month post,
Supplementary Table S4). Overall, there was a trend toward
less use of chemotherapy by the 6-month follow-up (Fig. 1).
This was observed in all patients, with a 67.1% (P < .0001)
reduction in chemotherapy recommendation post-assay,
72.9% (OR 0.02; 95% CI, 0.01-0.06; P < .0001) reduction in
chemotherapy at the time of prescription, and 75.7% reduc-
tion in use of chemotherapy at 6-month follow-up in compar-
ison to pre-assay recommendation.

Similarly, although a smaller subgroup, the post-assay
recommendation for chemotherapy for patients <50 years
was decreased by 38.5%, but at the time of prescription
decreased by 53.8%. Furthermore, amongst patients with 2
or 3 positive lymph nodes, the post-assay recommendation
resulted in an absolute reduction of chemotherapy by 56.0%
(P<.0001),whereasthe post-assay prescription demonstrated
a reduction in chemotherapy by 68.0% (OR 0.03; 95% CI
0.01-0.14; P < .0001). In an analogous manner, for patients
with a RS 14-25, the post-assay physician recommendation
resulted in a 67.6% decrease in chemotherapy (P < .0001),
in comparison to 75.7% (OR 0.01; 95% CI 0.00-0.06,
P <.0001) at the time of prescription. To summarize, there
was a decrease in the use of chemotherapy at post-assay pre-
scription in comparison to post-assay recommendation by
15.3% for patients <50 years, 12.0% for patients with 2/3
positive lymph nodes, and 8.1% for patients with RS 14-25.

We further evaluated the patients individually for whom
there was a discordance in the treatment prescribed vs treat-
ment received at 6-month follow-up (Supplementary Table
S5). In total, there were 5 patients who refused chemother-
apy. The mean age of these patients was 56.8 (range, 38-82),
and the mean number of lymph nodes was 1.8 (range, 1-3).
Interestingly, 3 of these patients had a RS <18, and one of
these patients explained the reasoning for refusal was due to
the minimal benefits of survival that were outweighed by the
potential side effects. Therefore, age of patient or the number
of positive lymph nodes did not seem to influence adherence
to prescription of chemotherapy.

We also evaluated the impact of the RS result upon
physician confidence in treatment administration (Fig.
2, Supplementary Table S6). Figure 2A demonstrates that
pre-assay, 31.4% of physicians were neutral, 55.7% of
physicians were somewhat confident, and only 10.0% of
physicians were strongly confident of their treatment recom-
mendation. In contrast, post-assay, the level of confidence of
most physicians increased, with 30.0% of physicians being
somewhat confident and 67.1% of physicians being strongly
confident. Overall, there was a 68.6% increase in confidence
secondary to RS results (OR 18.3; 95% CI 7.90-42.28; P <
.0001). We further dissected the change in physician confi-
dence based on RS categories. Confidence levels increased
the most, by 75.9% when RS < 14 (OR 25.0; 95% CI 7.82-
111.13; P < .0001) (Fig. 2B), and to a lesser extent with RS
14-25,by 59.5% (OR 11.4; 95% CI 3.72-34.61; P < .0001)
(Fig. 2C). Physician confidence also increased by 100%
when RS >25 (Fig. 2D), but there were too few patients to
determine statistical significance.
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Table 3. Pre-assay versus post-assay physician recommendation.
Variable Pre-assay recommendation Post-assay recommendation Absolute reduction  Odds ratio® P-value®
Anti-hormonal Chemo-hormonal Anti-hormonal Chemo-hormonal ;:;h:fn;:::::?(% ) 5% C)
therapy therapy therapy therapy
No. of patients (%) No. of patients (%) No. of patients (%) No. of patients (%)
All 7 (10.0) 63 (90.0) 54 (77.1) 16 (22.9) 47 (67.1) 0.03 [0.01-0.08] <.0001
Age (years)
<50 0(0.0) 13 (100.0) 5(38.5) 8 (61.5) 5(38.5) 0.00 [0.00-1.09]" .06°
=50 7 (12.3) 50 (87.7) 49 (86.0) 8 (14.0) 42 (73.7) 0.02 [0.01-0.06] <.0001
Menopausal status
Pre-menopausal 0 (0.0) 16 (100.0) 7 (43.8) 9 (56.3) 7 (43.8) 0.00 [0.00-0.69]" .02°
Post-menopausal 7 (13.0) 47 (87.0) 47 (87.0) 7 (13.0) 40 (74.1) 0.02 [0.01-0.06] <.0001
No. of positive lymph nodes
1 4(8.9) 41 (91.1) 37 (82.2) 8(17.8) 33 (73.3) 0.02 [0.01-0.07] <.0001
2or3 3 (12.0) 22 (88.0) 17 (68.0 8(32.0) 14 (56.0) 0.06 [0.02-0.23] <.0001
RS results based on Paik et al.’s’ cutpoints
<18 6 (12.5) 42 (87.5) 43 (89.6) 5(10.4) 37 (77.1) 0.02 [0.01-0.05] <.0001
18-30 1(4.8) 20 (95.2) 11 (52.4) 10 (47.6) 10 (47.6) 0.05 [0.01-0.34] .003
>30 0(0.0) 1(100.0) 0(0.0) 1(100.0) (0.0) NA* NA*
RS results based on TAILORx® cutpoints
<11 4(22.2) 14 (77.8) 17 (94.4) 1(5.6) 13 (72.2) 0.02 [0.00-0.15] .0002
11-25 3(6.3) 45 (93.8) 37 (77.1) 11 (22.9) 34 (70.8) 0.02 [0.01-0.07] <.0001
>25 0 (0.0) 4 (100.0) 0(0.0) 4 (100.0) 0(0.0) NA* NA*
RS results based on RxPONDER? cutpoints
<14 6 (20.7) 23 (79.3) 28 (96.6) 1(3.4) 22 (75.9) 0.01 [0.00-0.08] <.0001
14-25 1(2.7) 36 (97.3) 26 (70.3) 11 (29.7) 25 (67.6) 0.01 [0.00-0.09] <.0001
>25 0(0.0) 4(100.0) 0(0.0) 4 (100.0) 0(0.0) NA* NA*

20dds ratio and P-value calculated using the generalized estimating equations (GEEs) model.
b Since the GEE model could not be used because there were no subjects who were recommended to receive anti-hormonal therapy pre-assay, McNemar
exact test was used to calculate the odds ratio and a P-value for patients <50 years and pre-menopausal patients.

“No statistical tests were performed as there were too few subjects.
Abbreviation: NA, not available.
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Figure 1. Recommendation, prescription, and use of chemo-hormonal therapy at 6-month follow-up. Physician recommendation of chemo-hormonal
therapy was compared prior to ordering assay, and post-receipt of assay. In addition to physician recommendation, proportion of patients that were

prescribed chemo-hormonal therapy and actual chemo-hormonal therapy received at 6-month follow-up is also reported.

An additional observed trend of the RS result is that phy-
sicians may use this tool to modify the type of chemotherapy
recommended, summarized in Table 4, which can have a sig-
nificant impact upon the duration of treatment and number
of hospital visits. Among the patients for whom chemother-
apy was still recommended post-assay results, 4/16 (25.0%)

of patients were recommended an important change in treat-
ment regimen from 4 cycles of doxorubicin and cyclophos-
phamide plus 12 cycles of paclitaxel, to 4 cycles of docetaxel
and cyclophosphamide. Changing the type of chemother-
apy from anthracycline-containing to anthracycline-free
regimens can also reduce the toxicity burden in terms of
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All patients (N =70)

Pre-assay 31.4 55.7

recommendation

Confidence increased by 68.6%
Post-assay 29 30.0 67.1
recommendation
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RS 14-25 (N = 37)

I7 29.7 59.5

Confidence increased by 59.5%
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RS <14 (N =29)
Pre-assay 379 448
recommendation
Confidence increased by 75.9%
Post-assay 310
recommendation )
0% 20% 40% 60% 80% 100%
m Somewhat not confident Neutral Somewhat confident ~ mStrongly confident
RS >25 (N =4)
Pre-assay 100.0

recommendation

Confidence increased by 100.0%

100.0

0% 20% 40% 60% 80% 100%

Post-assay
recommendation

m Somewhat not confident Neutral Somewhat confident  m Strongly confident

Figure 2. Physician confidence comparing pre-assay and post-assay recommendation. Levels of confidence, scored as somewhat not confident,
neutral, somewhat confident, and strongly confident, were recorded by the physician pre- and post-receipt of assay results. Physician confidence was
demonstrated in (A) all patients and were grouped as per recurrence score (RS) in (A) RS < 14; (B) RS 14-25; (C) RS > 25.

Table 4. Impact of Recurrence Score assay on chemotherapy regimens.

Chemotherapy regimen No. of patients (%)

Pre-assay recommendation  Post-assay recommendation  Post-assay prescription  6-month follow-up?

AC/ddAC x 4 + weekly paclitaxel x 12 45 (64.3)

ddACx4 + paclitaxel x 4 3(4.3)

AC + docetaxel x 4 1(1.4)

FEC100+ docetaxel x 3 4 (5.7)

CMF x 6 1(1.4)

TC x 4/6 8 (11.4)

Taxol x 12 1(1.4)

No chemotherapy 7 (10.0) 5

& N

_—= O O

A O I mr OO W G
(=]

~

1) 4(5.7) 5(7.2)
3) 3(4.3) 0(0)

) 0 (0) 0 (0)

) 0 (0) 1(1.4)
4) 0(0) 0(0)
0.0) 5(7.1) 4(5.8)
) 0 (0) 0(0)
7.1) 58 (82.9) 59 (85.5)

“Total number of patients are 69 at 6-month follow-up because 1 patient developed distant metastasis.
Abbreviations: AC, adriamycin (doxorubicin) + cyclophosphamide; dd, dose-dense, FEC, 5-fluorouracil + epirubicin + cyclophosphamide; CMF
(cyclophosphamide + methotrexate + S-fluorouracil); TC, Taxotere (docetaxel) + cyclophosphamide.

cardiotoxicity and secondary malignancies including acute
myelogenous leukemia (AML) and myelodysplastic syndrome
(MDS).?' Moreover, our physician questionnaire also interro-
gated the use of growth factor (supportive therapy) prior to
assay results, post-assay results, and at 6-month follow-up.
Pre-assay, 53.6% of patients were recommended to receive
growth factor. Post-assay, there was a 36.2% decrease in
growth factor recommendation (OR 0.16; 95% CI 0.07-0.34;
P < .0001), and at 6-month follow-up there was a 40.6%
decrease in growth factor use (OR 0.11; 95% CI1 0.05-0.24; P
<.0001) (Supplementary Table S7).

Based on physician recommendations and prescriptions,
we calculated the cost of treatment pre- and post-assay
results. All of the patients who were initially recommended
endocrine therapy remained with the same recommendation
post-RS assay. We evaluated the total and per patient cost of
chemotherapy, growth factor supportive therapy, anti-emet-
ics, and pre-medications, in addition to costs associated with

blood tests, pharmacists, nurses, and physicians (Table 3,
Supplementary Table S8). In comparison to pre-assay phy-
sician recommendation, we determined that the average
cost per patient decreased by $4551 CAN (73.7%) at the
post-assay recommendation, and by $4998 CAN (80.9%) at
the 6-month follow-up. After incorporating the cost of the
Oncotype DX RS test, there was a cost benefit of $376 CAN
per patient at the time of post-assay recommendation, and
$823 CAN at 6-month follow-up.

Discussion

Our study evaluated the impact of the assay upon physi-
cian treatment recommendation and cost in patients with
node-positive hormone receptor-positive breast cancer. We
identified an overall reduction in physician recommendation
of chemotherapy of 67%. The RS assay result influenced
physician recommendations of chemotherapy in contexts
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Table 5. Total cost of chemotherapy, blood tests, pharmacy, nurses, and physicians in context of the RS assay.

Cost component Pre-assay Post-assay 6-month  Absolute Absolute reduction in cost
recommendation  recommendation  post- reduction in at 6-months post- and
assay cost in post- pre-assay recommendation

Vs pre-assay (CAN $, %)
recommendation
(CAN'$, %)

Chemotherapy $277,784 $83,728 $61,117  $194,056 (69.9)  $216,667 (78.0)

(including growth factor supportive

therapy, + anti-emetics/pre-medications)

Blood tests $12,231 $2494 $1663 $9,737 (79.6)  $10,568 (86.4)

(including procurement + lab analysis)

Pharmacy $12,615 $2415 $1730 $10,200 (80.6)  $10,885 (86.3)

(including teaching + drug preparation)

Nurses $104,510 $19,236 $13,123  $85274 (81.6)  $91,387 (87.4)

(including counseling of adverse effects,

+ time during treatment)

Physicians $25,097 $5783 $3957 $19,314 (77.0) $21,140 (84.2)

(including new cases + follow-ups)

Subtotal $432,237 $111,241 $81,230  $318,581 (73.7)  $351,007 (81.2)

Average cost/patient® $6175 $1624 $1177 $4551 (73.7) $4998 (80.9)
Cost of RS test NA $4125 $4125
Total cost per patient $6175 $5799 $5,352 $376 (6.1) $823 (13.3)

*Average cost/patient was calculated by using the entire cohort of patients, 72 = 70 for pre- and post-assay recommendation, and 7 = 69 for 6-month post-

assay since 1 patient developed distant metastasis.

that have been commonly considered clinically high risk.
Chemotherapy recommendations were reduced by 44% in
pre-menopausal patients and by 56% in patients with 2 or 3
positive lymph nodes. We are the first to report a reduction
in chemotherapy recommendation in both low-risk or inter-
mediate-risk RS scores, using different cutpoint classifications
derived from 3 trials including RxPONDER, TAILORx, and
Paik et al.>”

Overall, our study reported a 67% decrease in the use of
chemotherapy, which is higher than what previous Canadian
studies have reported.?? In our study, initial physician rec-
ommendation for chemotherapy was 90%, proportion of
patients with an RS < 18 was 69 %, and patient recruitment
was completed by September 2019. Physicians reduced their
chemotherapy recommendation by 47.6% with RS 18-30,
and 70.8% in patients with RS 11-25. Two previous studies
from Ontario and British Columbia demonstrated a lower
overall reduction in chemotherapy use by 31% and 45%,
respectively.?>?* These studies had a smaller proportion of
patients with RS<18 (55-60%) and demonstrated a lower
use of initial chemotherapy (65-76%). Interestingly, both
studies completed patient recruitment in 2016 and 2017, and
also demonstrated a smaller reduction in chemotherapy rec-
ommendation with intermediate RS (18-30), between 13%
and 37%. Similarly, in an Italian study, where patient enroll-
ment was completed in February 2018, among node-positive
patients, chemotherapy recommendation was reduced by
30% in patients with RS 11-17.2 However, in Mattar et al’s
study, where patient enrollment was completed almost 1 year
after the TAILORX results were released in June 2018, che-
motherapy recommendations were reduced from 60%-80%
for patients with RS 11-25.2¢ Furthermore, the overall reduc-
tion in chemotherapy recommendation of 67% in our study
was comparable to the magnitude of reduction of 2 recent

studies, 66%-74%,2%*" which is higher than several earlier
trials.?>252830 This is suggestive that although the TAILORx
study consisted of node-negative patients, the cutpoints and
results from this study probably influenced physician treat-
ment recommendations among node-positive patients as
well.

One of the limitations of our study is sample size, even
though a sample size calculation was performed a priori for
the overall population. Our study was designed to select a
patient cohort with hormone receptor-positive node-posi-
tive patients for whom treatment decisions were unclear and
could be changed upon receipt of the RS result. This could
have led to a selection bias, since only 6% of our popula-
tion had a RS >25, but is comparable to 11% of patients
identified in another node-positive cohort.’! Nonetheless, the
clinicopathological characteristics of our patient population
were similar to those in previously reported studies.!®**?3 Less
than one-quarter of our patient population was <50 years or
pre-menopausal. Sixty-six percent of our patients had tumors
<2 cm, 61.4% had tumors of intermediate grade, and 64.3%
had one positive lymph node. These characteristics are very
similar to the RxPONDER cohort wherein 58.3% of the
tumors were <2 cm, 64.3% of tumors were of intermediate
grade, and 65.3% of patients had one positive lymph node.”
In our study, 41.4% of patients had a RS result 0-13, and
52.9% had a RS between 14 and 25, which is comparable to
the RxPONDER cohort in which 42.8% of the overall popu-
lation had a RS 0-13, and 57.2% had a RS 14-25. Therefore,
with a similar RS distribution, we can extrapolate our results
onto the RxPONDER study.

Our study was conducted prior to the reporting of the
RxPONDER trial?* which demonstrated a benefit of che-
mo-endocrine therapy in pre-menopausal patients. In our
cohort, physician recommendation for chemotherapy in
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pre-menopausal patients was reduced by 43.8%. Therefore,
while the reduction in use of chemotherapy among pre-meno-
pausal women could explain in part the overall larger reduc-
tion in chemotherapy in our study, future studies will be
required to determine the true benefit of chemo-endocrine
therapy versus endocrine therapy plus ovarian suppression in
this population.

We conducted a cost analysis which included the immediate
costs of chemotherapy, blood tests, and salaries for the time
provided by pharmacists, nurses, and physicians. We identi-
fied a significant reduction at 6-month follow-up cost, that
is, a reduction of about $5000 per patient, with a cost benefit
of $832 per patient after incorporation of the cost of the RS
test. However, the savings could actually be greater if the cost
of managing short- and long-term toxicities were also consid-
ered, including febrile neutropenia, hospitalizations, conges-
tive heart failure, leukemia, and neuropathy.’*3* Furthermore,
while we did not conduct a formal cost-effectiveness model
analysis, when incorporating cumulative costs and quali-
ty-adjusted life years (QALY), other studies also determined
the RS result to be a cost-effective tool.3>¢ It is important to
note, however, that the selection of our patient cohort may
have influenced the magnitude of cost reduction, which could
have otherwise been less pronounced among all-comers.*?

Taken together, we conducted a multicenter prospective
study to determine the impact of the RS result upon phy-
sician recommendation of chemotherapy in patients with
ER-positive breast cancer with 1-3 positive lymph nodes in
Quebec. Overall, we identified that physician recommenda-
tion was significantly reduced by 67%, which was associ-
ated with a cost reduction by 74%. We also demonstrated
an important reduction of chemotherapy recommendation
among patients with 2 or 3 positive lymph nodes. Our study
is unique in that we followed up on physician recommenda-
tion, to evaluate treatment prescription and use at 6-month
follow-up. Moreover, we showed an improvement in physi-
cian confidence on chemotherapy recommendation with use
of the Breast Recurrence Score assay. Thus, alongside the
S-year survival results of the RxPONDER trial, our study
demonstrates the utility of the Breast Recurrence Score assay
among node-positive patients, and the potential of the assay
to significantly decrease the use of chemotherapy for such
patients.
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