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Abstract

Purpose New biomarkers are emerging to predict recurrence risk in women with early-stage breast cancer. High Oncotype
DX Recurrence Score® (RS) is associated with worse disease-free and overall survival. Similarly, circulating tumor cells
(CTCs, blood) and disseminated tumor cells (DTCs, bone marrow) have prognostic value in breast cancer. We investigated
the association between high RS and CTCs or DTCs.

Methods Using a prospective database, we evaluated patients with hormone receptor-positive/HER2-negative, node-negative
invasive breast cancer from 1/2005 to 1/2017. RS was classified using TAILORXx study cutoff points: low (< 11), intermedi-
ate (11-25), and high (> 25). CTCs were assessed using CellSearch® and DTCs using cytospin specimens of bone marrow
aspirates. Positive result was defined as one or more CTCs or DTCs identified. Chi-square analyses were utilized to evaluate
the relationship between RS and CTCs or DTCs.

Results 233 patients were identified from a prospective database, of which 96 had RS results. Of these patients, 88 had CTC
results and 58 had DTC results. CTCs were detected in 17/88 (19%) patients, while DTCs were detected in 20/58 (34%).
Patients with high RS were not more likely to have CTCs (18%) compared to patients with low/intermediate RS (20%;
p=0.919). Similarly, high RS was not associated with DTC detection, with DTCs present in 40% of patients with high RS
versus 33% with low/intermediate RS (p =0.687). In the subgroup of patients <50 years, no associations were found between
high RS and CTCs (p=0.383) or DTCs (p=0.234).

Conclusions High Oncotype DX RS did not correlate with CTCs in blood or DTCs in bone marrow in our study.
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Breast cancer

Background

There has been increasing investigation of new and novel
biomarkers that can predict the risk of recurrence in women
with early-stage breast cancer. Oncotype DX RS is a 21-gene
breast cancer assay that is commercially available and uti-
lized in hormone receptor-positive breast cancer as a prog-
nostic and predictive tool [1]. A high RS (>31) has been
found to be associated with worse disease-free and survival
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overall in patients with early-stage breast cancer [1, 2]. Simi-
larly, CTCs in the peripheral blood and DTCs in the bone
marrow have prognostic value in patients with operable
breast cancer, though these are not routinely used in clini-
cal practice due to unproven predictive value at this time.
Studies have shown that CTCs are present in 25% of non-
metastatic breast cancer [3, 4]. Lucci et al. demonstrated
that detection of one or more CTCs in chemonaive patients
was associated with decreased progression-free survival and
overall survival (OS) [4]. A large pooled analysis with 3173
patients from five institutions with non-metastatic breast
cancer also demonstrated that the presence of CTCs was
an independent prognostic factor for disease-free survival,
distant disease-free survival, breast cancer-specific survival,
and OS [5]. A published study of DTCs in non-metastatic
breast cancer has been reported by Braun et al., who per-
formed a pooled analysis of nine studies with 4703 patients
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with stages I-III breast cancer [6]. DTCs were found to be
present in 30.6% of patients. In a subset of 1036 pathologic
T1, node-negative tumors who received no adjuvant sys-
temic therapy (chemotherapy or endocrine therapy), there
was an increased breast cancer-specific mortality and risk
of distant metastases in patients with DTCs [6]. The initial
results from the PADDY study, the largest pooled analysis of
10,320 patients with early breast cancer, demonstrated that
27.4% had DTCs present, and this was an independent pre-
dictor for disease-free survival, distant disease-free survival,
breast cancer-specific survival, and OS [7]. Multiple other
studies have also validated the detection of DTCs as a prog-
nostic factor [8—11]. Thus, RS, CTCs, and DTCs have been
shown to have prognostic impact in early-stage breast cancer.

Two studies have examined whether there is an associa-
tion between RS and CTCs and/or DTCs [12, 13]. Aktas
et al. evaluated 68 patients with pathologic T1-3, NO-1
breast cancer of which 13% had a high RS (>31). CTCs
and DTCs were detected in 19% and 28% of patients, respec-
tively. There was no correlation between RS >31 and CTCs
or DTCs [13]. Conversely, in a cohort of 114 patients with
early-stage breast cancer, Hartkopf and colleagues demon-
strated that DTCs were present in 11%, and there was an
association between intermediate/high RS (> 18) and DTCs
[12]. Therefore, the data on correlation between high RS and
CTCs or DTCs currently remain unclear.

We sought to evaluate the association between high RS
(=26) and CTCs and DTCs in patients with early-stage
breast cancer and hypothesized that there would be a positive
association between identification of CTCs and/or DTCs and
high RS. To our knowledge, this is the largest study to evalu-
ate the relationship between RS and both CTCs and DTCs.

Methods
Patients

Patients were retrieved from a retrospective review of a
prospectively maintained database from January 2005 to
January 2017. Patients who underwent primary surgery for
hormone receptor-positive, HER2-negative, invasive breast
cancer were included in the study. Other inclusion criteria
included Oncotype DX RS testing, and testing for DTCs
or CTCs at baseline (prior to surgery or systemic adjuvant
therapy). Patients were excluded if they had clinically or
pathologically positive lymph nodes since at the time of
enrollment for this study; node-positive patients were not
routinely tested with Oncotype DX.
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Determination of Oncotype DX RS, CTCs, and DTCs

The Oncotype DX RS is a genomic assay that evaluates 21
genes, including 16 cancer-related genes and five reference
genes. We categorized RS based on the TAILORXx study
cutoff points [14], as these are now considered the standard
cut-points for clinical decision-making, following the publi-
cation of the study. In TAILORx, Arm A, with RS <11, had
the lowest event (invasive disease-free survival events) rate.
The randomization within TAILORXx was for the group with
RS cut-points from 11-25, formerly known as the intermedi-
ate risk group. TAILORX used RS of > 26 as the cutoff for
the high -risk group.

DTCs are disseminated tumor cells in the bone marrow,
while CTCs are circulating cells in the blood. CTCs were
assessed using the Circulating Tumor Cell Kit and Cell-
Search® technology (Menarini Silicon Biosystems). For
DTCs, cytospin specimens of bone marrow aspirates were
collected from bilateral iliac crests, enriched for epithelial
cells by Ficoll density gradient separation, cytospun onto
microscope slides, immunostained using a pancytokera-
tin cocktail of antibodies, including AE1/AE3, CAMS.2,
MNF116, cytokeratin 8 (CK8), and CK18. CTCs and DTCs
were considered to be positive if one or more CTCs or DTCs
were identified, respectively.

Statistical analysis

Descriptive statistics were utilized to characterize the study
population demographic and clinicopathologic features. Chi-
square analyses were utilized to evaluate the relationship
between CTCs and Oncotype RS low (0-10), intermediate
(11-25), and high risk (>26). Analyses combining low and
intermediate RS groups had a score of 0-25. The associa-
tion between DTCs and Oncotype RS was similarly evalu-
ated. In addition, we analyzed CTCs and DTCs in relation
to Oncotype RS in the subset of women under the age of 50.
All statistics were performed in IBM SPSS Statistics, ver-
sion 24 (IBM Corp, Armonk, NY, USA) and p values <0.05
were considered significant.

Results

There were 96 patients included in the study, and charac-
teristics of the patient population are shown in Table 1. All
patients had an Oncotype DX RS and either CTC or DTC
testing. Mean age was 54 years (32—75) and mean BMI was
28.1 (18.2-47.9). The majority of women were post-meno-
pausal (67%), compared to pre—menopausal (33%). Tumor
histology was 77% ductal, 13% lobular, 7% mixed ductal
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Table 1 Characteristics of the N=96 CTC status DTC status
cohort n (%) — ' — '
Positive n (%) p-value? Positive n (%) p-value?
Age (years)
Mean 54.4
Range 32-75
BMI
Mean 28.1
Range 18.2-47.9
Menopausal status
Pre-menopausal 32 (33) 7(23) 8 (40)
Post-menopausal 64 (67) 10 (17) 0.493 12 (32) 0.521
Histology®
Ductal 74 (77) 13 (19) 16 (36)
Lobular 12 (13) 4(22) 0.726 431 0.749
Mixed 7(7)
Other 3(3)
T-stage
T1 67 (70) 14 (24) 17 (40)
T2 29 (30) 3 (10) 0.135 3 (20) 0.171
Nuclear grade
v 87 (91) 16 (20) 16 (31)
il 909 1(17) 0.865 4(57.1) 0.179
Cancer stage
1 68 (71) 14 (23) 17 (39)
I 28 (29) 31D 0.163 32D 0.238
Circulating tumor cells (CTCs)
Absent 71 (74)
Present 17 (18)
Unknown 8 (8)
Disseminated tumor cells (DTCs)
Absent 38 (40)
Present 20 (20)
Unknown 38 (40)
Oncotype DX RS
Low/intermediate 83 (86)
risk (0-25)
High risk (>26) 13 (14)

4Chi-square analysis

®Mixed and other histologies were combined with lobular histology, and compared to ductal histology, for

Chi-square analysis

and lobular, and 3% other. Most tumors were small in size,
with 70% being T1 stage and 30% T2 with overall stage I
in 70% of cases. Nearly all tumors were grade I (18%) or
grade IT (73%). Oncotype DX RS was low/intermediate risk
in 83 (86%) and high risk in 13 (14%). CTC testing was
performed in 88 patients of which 17/88 (19%) had CTCs
present in blood versus absent in 71/88 (81%). Median RS
was 18 (range 3—47) for patients with CTCs present, and 16
(3-36) for those without CTCs. DTC testing was performed
in 58 patients, and DTCs were present in bone marrow in

20/58 (34%) and absent in 38/58 (66%). There was no dif-
ference in median RS in patients with DTCs present (16,
range 3-47), versus absent (16, range 4-35). There were
no associations with clinicopathologic factors and CTC or
DTC status. Mean survival was 1953 days (range 71-3775).

Table 2 demonstrates the presence or absence of CTCs
stratified by RS. CTCs were present in 20% of patients with
low/intermediate RS and 18% with high RS. Patients with
high RS were not more likely to have CTCs as compared
with patients who had low/intermediate RS (p =0.919).
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Table 2 Presence of CTCs stratified by Oncotype DX RS

Oncotype DX RS CTCs absent CTCs present p-value
Low/Intermediate risk (<26) 62 (80.5) 15 (19.5)
High risk (>26) 9 (81.8) 2(18.2) 0.919

CTC circulating tumor cells

Table 3 Presence of DTCs stratified by Oncotype DX RS

Oncotype DX RS DTCs absent DTCs present p-value
Low/intermediate risk (<26) 32 (66.7) 16 (33.3)
High risk (>26) 6 (60.0) 4 (40.0) 0.687

DTC disseminated tumor cells

Table 4 Association of CTCs and Oncotype DX RS® in subjects
with age <50

Oncotype DX RS CTCs absent  CTCs present  p-value
Low risk (< 16) 10 (76.9) 3(23.1)

Intermediate risk (16-25) 12 (75.0) 4(25.0)

High risk (>26) 5(83.3) 1(16.7) 0.917

CTC circulating tumor cells

Table 5 Association of DTCs and OncotypeDX RS in subjects with
age <50

Oncotype DX RS DTCs absent DTCs present  p-value
Low risk (< 16) 4(44.4) 5(55.6)

Intermediate risk (16-25) 8 (66.7) 4(33.3)

High risk (>26) 3(100.0) 0 (0.0) 0.208

DTC disseminated tumor cells

DTCs were present in 33% of patients with low/interme-
diate RS and 40% with high RS (Table 3). There was no
association between high RS and presence of DTCs in the
bone marrow (p =0.687) in our study group. Using the RS
risk categories defined prior to the TAILORX study13 with
low RS < 18, intermediate 18-30, and high > 31, there was
still no association between high RS and CTCs or DTCs
(data not shown).

For the subgroup of women age 50 years or younger
(n=37, 39%), there was no correlation between CTCs in
the high RS (>26) group (17%) versus low (< 16; 23%) or
intermediate (16-25; 25%) RS groups (p =0.917; Table 4).
Similarly, there was no correlation between DTCs in the
high RS group (0%) versus low (56%) or intermediate
(33%) RS group (p=0.208; Table 5).
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Discussion

This study included 96 patients with stage I or II, node-
negative breast cancer and found no association between
high RS and CTCs or DTCs. Overall, CTCs were detected
in 18% and DTCs were detected in 20% of patients. Fur-
thermore, in a subgroup analysis of younger women, there
was no association between high RS and the presence of
CTCs or DTCs. Despite previous literature demonstrating
the prognostic value of the RS, CTCs, and DTCs indepen-
dently, we did not find correlations between RS and the
studied biomarkers in the overall patient cohort, or in the
younger age subgroup.

Aktas et al. evaluated both CTCs and DTCs in addi-
tion to other biomarkers including stemness-like tumor
cells (sICTCs), urokinase-type plasminogen activator,
plasminogen activator inhibitor type I, and Ki-67 in a
smaller cohort of 68 patients [13]. Similar to our study,
there was no association between RS and CTCs (p=0.100)
and DTCs (p =0.883). The only biomarker that correlated
with RS was Ki-67 (p <0.001). Unlike our study, patients
with T3 or N1 tumors were included, yet, the same rate of
CTC detection was demonstrated in the Aktas et al. study
(19%), compared to our study (19%). DTC detection rates
were also similar (28% versus 34% in our study), and they
did not find an association with RS. Thus with a larger
cohort, our results confirm the results of this previously
published report.

Hartkopf et al. included 114 patients with primarily T1,
NO breast cancers, though 31% were staged as T2-T4, and
28% were node-positive breast cancers [12]. They found a
significant association between RS and DTCs when com-
paring intermediate/high RS to low RS (p =0.03). One of
the key differences was the low overall rate of 11% DTC
detection compared to 34% in our study, and 31% in the
literature [6]. Furthermore, the patients included in our
study were all node-negative. Additionally, we utilized the
RS cutoffs based on the TAILORX study [14] compared
to Aktas et al. and Hartkopf et al., who utilized RS < 18 to
define the low-risk group.

The Oncotype DX RS is increasingly utilized to aid
in clinical decisions regarding chemotherapy benefit. The
prognostic and predictive significance of the RS has facili-
tated its widespread clinical use. There are other genomic
signatures that are available for clinical use; however, we
were not able to locate any other published data evaluating
the association of these genomic signatures with CTCs or
DTCs.

Other prognostic biomarkers, such as detection of CTCs
and DTCs,, have not been incorporated into routine patient
care and are largely utilized for research. CTCs and DTCs
are biomarkers that represent minimal residual disease,
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which in theory could be a direct precursor to recur-
rence. In a prospective study by our group of 302 patients
with stage I-1II breast cancer, of which 61% were node-
negative, the presence of CTCs independently predicted
decreased progression-free and overall survival [4]. How-
ever, in this study, our results do not show a correlation
between high RS and these biomarkers of minimal residual
disease. Perhaps the mechanisms by which the RS and
CTCs and DTCs are prognostic differ and are independent
of each other. A limitation of this study, however, is the
small sample size, particularly for patients who had DTC
testing, though a strength of our study is that we analyzed
both CTCs and DTCs. Also, another possible limitation
is that this was a retrospective review of a prospectively
maintained database at a single institution.

In conclusion, this study is the first to evaluate the corre-
lation between RS and CTCs and DTCs in early-stage, node-
negative breast cancer. We found no association between
high RS and either CTCs or DTCs. Future studies should
focus on minimal disease biomarkers such as CTCs and cir-
culating tumor DNA, to determine whether these markers
can be used to assess response to therapy, and possibly iden-
tify novel targets against microscopic disease. We anticipate
that in the future, assessment of the primary tumor, as well
as the blood-based biomarkers, will provide a more complete
assessment of risk for relapse, and possibly guide optimal
clinical management.
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