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Abstract

The 8t edition of the American Joint Committee on Cancer (AJCC) staging guidelines combine
traditional TNM system with biomarkers to reflect our current understanding of tumor biology and
targeted therapy. In this study, we investigated the impact of the TNM+Biomarkers staging system
and the additive value of Oncotype Dx™ genomic profile recurrence score (RS) (TNM
+Biomarkers+RS<11) for the staging of breast cancer (BC) using data from two tertiary referral
cancer centers. Compared to TNM alone, the TNM+Biomarkers system changed the stage group
in 32.7% of BCs (27% downstage, 5.7% upstage). Most (98.3%) of the downstaged BCs were
estrogen receptor (ER)+/progesterone receptor (PR)+, whereas 78% of the upstaged BCs were
ER-/PR-/human epidermal growth factor receptor 2 (HER2)-. Compared to TNM+Biomarkers
staging, the addition of genetic profile data (TNM+Biomarker+RS<11) downstaged only <1%
BCs. Our analysis suggests that for T1-T2NO ER+/HER2- BCs Oncotype Dx™ RS <11 provides
added value as a staging parameter only in a very small group of cases compared to TNM
+Biomarkers alone.
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Introduction

Staging of breast cancer (BC) provides information useful for individual patient prognosis
and for large scale analysis. The staging system is codified based on guidelines by
international organizations, including the American Joint Committee on Cancer (AJCC). In
the past editions of the AJCC staging guidelines, tumor size (T), lymph node status (N), and
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presence of distant metastasis (M) - TNM stage system — were the only parameters
evaluated, providing the so called Anatomic Stage (Gabriel N. Hortobagyi, 2017). In recent
years, however, the TNM system alone has become inadequate to capture the intrinsic
differences in the various subtypes of BC, in particular with regard to the intrinsic
differences in tumor biology and response to targeted treatment, and does not reflect the
overall improved survival outcomes of patients with BC. At present, the information on
estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor
receptor 2 (HER2) status of each BC is routinely used to determine the best treatment
regimen. The histologic grade of BC has also been shown to significantly correlate with
treatment response and patient survival (Rakha, Reis-Filho, Baehner, et al., 2010). Hence,
and for the first time, the 8! edition of the AJCC BC staging guidelines integrate TNM data
with the BC Biomarkers status (TNM+Biomarkers), namely histologic grade, ER, PR and
HER?2 status, to provide a Prognostic Stage (PS). Furthermore, the Recurrence Score (RS)
generated by analysis with the 21-gene assay OncotypeDx™, the only genomic profile assay
with level | evidence at the time of drafting of the AJCC 8™ edition, is also included in the
PS system, and any T1-2, NO, and ER+/HER- BC with RS<11 is now classified as stage
group A, independent of size (Giuliano, Edge, & Hortobagyi, 2018). In recent retrospective
studies (Abdel-Rahman, 2018; Ding et al., 2017; Hu, Wei, Yi, Xin, & Liu, 2017; Lee et al.,
2018; Mittendorf et al., 2017; Weiss et al., 2018; Ye et al., 2017; Zhou et al., 2017), staging
BC using the TNM+Biomarkers (PS) system showed more specific correlation with clinical
follow-up than staging using the TNM stage system. Most of the published studies evaluated
BC patients from Asia (Hu et al., 2017; Lee et al., 2018; Wong, Wong, Lim, Lian, & Yap,
2018; Ye et al., 2017) or from the Southwest region of the USA (Weiss et al., 2018). None of
the studies published so far, however, has assessed the added value of genomic profile results
(RS) to staging by TNM+Biomarkers staging (PS) system. We sought to assess the impact of
the 81" AJCC TNM+Biomarkers staging (PS) system in the classification of primary BCs
diagnosed at two tertiary referral cancer centers in New York City, USA. Furthermore, we
evaluated the contribution of genomic profile data (RS) for staging of T1-2, NO, and ER+/
HER2- BCs (TNM+Biomarkers+RS<11).

Material and methods

Patient population

New York University Langone Medical Center (NYULMC) Cohort—We identified
consecutive patients with diagnosis of invasive BC treated at NYULMC from January 1%,
2016 to December 315, 2017. Information on patient age, gender, and the type of surgery
was extracted from the medical records. Information regarding the characteristics of the BC
(tumor size measured from excision specimen, nodal status, distant metastases, histologic
subtype, Nottingham combined histologic grade (Elston & Ellis, 2002), ER, PR (Hammond
et al., 2010), HER2 status (Wolff et al., 2018) and RS) was retrieved from the pathology
reports.

Patients with ductal carcinoma in situ, neoadjuvant treatment and documented evidence of
distant metastases were excluded from the study.
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Memorial Sloan Kettering Cancer Center (MSKCC) Cohort—De-identified data
from all consecutive invasive BCs treated at MSKCC between January 15t, 2011 and
December 315, 2013, with available RS was obtained. As previously described (Wen et al.,
2017), all BCs in this cohort were T1-T3 (= 0.5 cm), NO, ER+ and HER2-. The pathology
information available for the study included tumor size (measured from excision specimen),
nodal status, distant metastases, histologic subtype, Nottingham combined histologic grade
(Elston & Ellis, 2002), ER, PR (Hammond et al., 2010), HER2 status (Wolff et al., 2018)
and RS.

Comparison of Staging using TNM versus TNM+Biomarkers versus TNM+Biomarkers

+RS<11

Results

Each BC was assigned a TNM stage and a TNM+Biomarkers stage according to the 8t
edition of the AJCC guidelines (Gabriel N. Hortobagyi, 2017). Staging of multifocal BC
was assigned based on the characteristics of the largest ipsilateral tumor, in accordance with
the AJCC 8t ed. staging guidelines (Gabriel N. Hortobagyi, 2017). In patients with bilateral
BCs, the tumors in each breast were staged separately. We used the unselected NYULMC
cohort to compare staging by TNM alone versus staging by TNM+Biomarkers.

For the analysis of possible downstaging due to genomic profile result (RS <11), we
identified all T1-T2, NO, ER+/HER2- BCs with available RS in the NYULMC and MSKCC
cohorts. We then assessed the tumor stage using TNM alone, TNM+Biomarkers and TNM
+Biomarkers+RS<11. All changes in the aforementioned stage groups in the NYULMC and
MSKCC cohorts were compared.

Ethics approval was obtained from the Institutional Review Boards (IRBs) at the two
Institutions prior to study commencement, with waiver of informed consent for this
retrospective analysis.

NYULMC cohort analysis

We identified 1,305 consecutive primary invasive BCs from 1271 patients diagnosed at
NYULMC in the study period (2016—2017). Thirty-four (2.7%) patients had synchronous
bilateral BCs, and 179 (14.1%) had multifocal BCs. All patients were females, with average
age of 60 years (range, 22-93). Most BCs underwent breast-conserving surgical excision
(793/1305; 60.8%), and the remaining were treated by mastectomy (512/1305; 39.2%).
Invasive ductal carcinoma, not otherwise specified (IDC NOS) was the most common BC
subtype (1072/1305; 82.1%), followed by invasive lobular carcinoma (ILC) (170/1305;
13.0%). Most BCs were T1, NO, histologic grade 2, ER+/PR+, and HER2-. The
characteristics of the NYULMC BC cohort are summarized in Table 1.

MSKCC cohort analysis

De-identified data, including the RS, of 999 primary invasive BCs treated at MSKCC
between January 15, 2011 and December 315t, 2013 were available for the study. All patients
were females, with average age of 56 years (range, 22—-84). One-hundred-thirty-five patients
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(13.5%) had multifocal BCs. The majority of the BC patients were managed with breast-
conserving surgery (733/999; 73.4%) and remaining BCs were managed with mastectomy
(266/999; 26.6%). The most common BC subtype was IDC, NOS (931/999; 93.4%),
followed by ILC (32/999; 3.2%). The characteristics of the MSKCC BC cohort are detailed
in Supplementary data 1.

Staging by TNM versus TNM+Biomarkers: Analysis of the NYULMC cohort

Most BCs in the NYULMC cohort were stage IA based on TNM staging alone (864/1305;
66.2%) and TNM+Biomarkers staging (968/1305; 74.2%). The TNM+Biomarkers system
downstaged 352 BCs (27.0%). The most common downstage was from TNM stage group
I1A to TNM+Biomarkers stage group 1A. The vast majority (346/352; 98.3%) of all
downstaged BCs were ER+/PR+. The TNM-+Biomarkers system upstaged 75/1305 BCs
(5.7%), all of which were ER-/PR-/HER2- BCs. The most common upstage was from TNM
stage group IA to TNM+Biomarkers stage group IB. The complete breakdown of the staging
subgroups according to TNM alone and TNM+Biomarkers in the NYULMC cohort is
detailed in tables 2A and 2B.

Impact of Recurrence Score <11 on staging of T1-T2, NO, ER+/HER2- Breast Carcinomas:
Analysis of the NYULMC cohort and MSKCC cohort

In the NYULMC cohort, there were 342/1305 (26.2%) T1-T2, NO, ER+/HER2- BCs with
available RS. Only 53/342 BCs (15.5%) had RS<11. All 999 BCs in the MSKCC cohort had
available RS. A total of 993 BCs (99.4%) were T1-T2, NO, ER+/HER2- and 232/993
(23.4%) had RS<11.

The two groups combined yield a total of 285 T1-T2, NO, ER+/HER2- BCs with RS<11 (53
from NYULMC and 232 BCs from MSKCC), suitable for TNM+Biomarkers+RS<11
staging. The mean patient age was 60.4 years old (range, 36—-84). The majority of BC
patients were managed with breast-conserving surgery (197/285; 69.1%) and the remaining
patients were managed with mastectomy (88/285; 30.9%). The most common BC subtype
was IDC, NOS (237/285; 83.2%). The majority of the BCs (254/285; 89.1%) were T1 (< 20
mm) and approximately half of the BCs were histologic grade 2 (154/285; 54.0%). Table 3
summarizes the characteristics of NYULMC and MSKCC BCs with T1-T2, NO, ER+/
HER2- and RS<11.

In combined two cohorts, the most common TNM stage group was 1A (255/285; 89.5%),
followed by stage 1A (30/285; 10.5%). When the TNM+Biomarkers system was applied 28
of the 30 BCs (93.3%) were downstaged from stage 1A to 1A and 2 BCs (6.7%) were
downstaged to group IB. A total of 283/285 (99.3%) BCs were stage group IA by TNM
+Biomarkers system. When OncotypeDx™ score was incorporated, the remaining two BCs
(2/285; 0.7%) were further downstaged from IB to IA based on TNM+Biomarkers+RS<11
(Figures 1 and 2 illustrate the two cases). In brief, case 1 is a grade 3 invasive ductal
carcinoma with focal (<50%) micropapillary and mucinous features and case 2 is a grade 3
invasive ductal carcinoma, not otherwise specified, with a predominant solid architecture.
Detailed staging analysis is summarized in Table 4.
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Discussion

The staging guidelines for BC introduced in the AJCC 8t ed. manual incorporate anatomic
parameters (TNM status) as well as biologic parameters (tumor histologic grade, ER, PR,
HER?2 status) with the intent to provide a more accurate staging classification that takes into
account tumor biology and the advantages of targeted therapy. The 8t ed. AJCC staging
guidelines also include a special provision for staging T1-2, NO, ER+/HER2- BCs with
RS<11 as stage group 1A, independent of tumor size and grade. After the release of the
AJCC 8! ed staging system, few groups validated its biologic and prognostic significance
by restaging BCs in series with long-term follow-up data. In particular, Weiss et al. (Weiss et
al., 2018) examined 3,327 BC patients with TNM stage groups | through I111C treated at the
MD Anderson Cancer Center between 2007 and 2013, and 54,727 BC patients with TNM
stage groups | to 1V reported to the California Cancer Registry between 2005 and 2009.
Using the TNM+Biomarkers system, 807 patients (28.1%) in the MD Anderson Cancer
Center cohort were downstaged, and 849 patients (29.5%) upstaged (Weiss et al., 2018). In
the California Cancer Registry cohort, 10,488 patients (20.6%) were downstaged, and
15,794 patients (31.0%) upstaged (Weiss et al., 2018). In our study, the TNM+Biomarkers
system changed the stage of 427 (32.7%) BCs in the NYULMC cohort: 352 (27.0%) BCs
were downstaged, and 75 (5.7%) BCs were upstaged. Some variation in the downstaging and
upstaging rates, in part, is attributable to differences in ethnicity and social status of the
patient populations in different geographic areas. Overall, the analysis documents a
substantial impact in BC staging using the TNM+Biomarkers over TNM alone. Compared to
Weiss’s study (Weiss et al., 2018), the different rates of upstage and downstage in our cohort
may be due to differences in tumor size, grade, and biomarker status, with the NYULMC
BCs having overall more favorable characteristics compared to those analyzed in Weiss’s
study (Weiss et al., 2018). For example, 60.5% and 63.3% of the two groups of BCs
analyzed in Weiss’s study were <20 mm (Weiss et al., 2018), whereas 75.4% of BCs in the
NYULMC cohort were <20 mm. The proportions of HER2+ BCs also differ: in the MD
Anderson cohort, 9.2% of BCs were HER2+, in contrast to 14.0% BCs in NYULMC cohort.
Even though HER2+ BCs are a biologically aggressive subgroup, and carry a poor prognosis
(Burstein, 2005), HER2-targeted therapy has dramatically improved the outcome of HER2+
BCs (Cserni, Chmielik, Cserni, & Tot, 2018; Mittendorf et al., 2017; Nitta et al., 2016; Ross
et al., 2009). Currently, HER2+ BCs are regarded as a “favorable” subgroup, provided that
the patients receive appropriate anti HER2-targeted treatment. Therefore, the higher
proportion of HER2+ BCs in the NYULMC cohort (14%) also contributed to the overall
higher percentage of BCs that were downstaged in our study compared to Weiss’s study
(9%).

A study by Mittendorf et al. which outlines the bioscores, also demonstrated that HER2+
BCs have added benefit compared to HER2- BCs in overall improved disease-specific
survival because of anti-HER2-therapy (Mittendorf et al., 2017). In accordance with
Mittendorf’s study, using the TNM+Biomarkers system, HER2+ BCs are generally assigned
into lower stage groups compared to various TNM stage groups. Therefore, the efficacy of
anti-HER2-treatment seems to offset the intrinsically unfavorable outcome in patients with
HER2+ BCs across most TNM stage groups and improve their prognosis. Furthermore,
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ER-/PR-/HER2+ BCs of various sizes and histologic grades are assigned in a lower stage
groups compared to ER-/PR-/HER2- (triple negative) BCs of same size and histologic
grades. In our experience, when considering ER-/PR-/HER2+ BCs, 1/45 (2.2%) ER-/PR-/
HER2+ BCs was downstaged from TNM stage group 111C to TNM+Biomarkers stage group
I11B and the remaining 44/45 (97.8%) ER-/PR-/HER2+ BCs did not change their stage
groups. However, 75/96 (78%) ER-/PR-HER2- BCs were upstaged using TNM+Biomarkers
system.

Triple negative (TN) BCs constitute 10-17% of BCs and, in general, carry a poor prognosis
(Badve et al., 2011; Fallahpour, Navaneelan, De, & Borgo, 2017; Rakha & Ellis, 2009;
Rigon et al., 2015). Because of their intrinsic aggressive behavior, and the lack of targeted
therapy, TN status has a global upstaging effect in the TNM+Biomarkers system across all
stage groups as seen in our study and several other published studies (Cserni et al., 2018;
Gabriel N. Hortobagyi, 2017; Hu et al., 2017; Lee et al., 2018; Weiss et al., 2018). The TNM
+Biomarkers system considers all TNBCs as one homogenous group of BCs with equally
poor prognosis (Gabriel N. Hortobagyi, 2017). However, TNBCs comprise a heterogeneous
group with varied genetic, histologic and clinical features, ranging from low grade, locally
aggressive neoplasm with low if any metastatic potential, to high grade BCs developing
visceral metastasis within 2-3 years from diagnosis and having a highly aggressive behavior
(Geyer et al., 2017; Pareja et al., 2016; Schmadeka, Harmon, & Singh, 2014). Despite the
histopathologic and clinical heterogeneity in TNBCs, the TNM+Biomarkers system does not
account for the biologic diversity and less aggressive behavior of some special types of
TNBCs, such as adenoid cystic carcinoma. All that said, our patient cohort did not include
significant number of special histologic subtypes of TNBCs. More studies are needed to
refine the TNM+Biomarkers (PS) system for a more accurate prognostic stratification of this
heterogeneous group of tumors.

Estrogen and progesterone- positive BCs tend to have lower histologic grade than ER-/PR-
BCs and respond well to hormonal therapy (Bae et al., 2015; Chen, Linden, Anderson, & Li,
2014; Rakha, Reis-Filho, & Ellis, 2010). In general, the TNM+Biomarkers system
downstages NO-1MO, ER+/PR+ BCs (Cserni et al., 2018; Hu et al., 2017; Lee et al., 2018;
Weiss et al., 2018; Ye et al., 2017). For example, T2N1MO/T3NOMO BCs fall in TNM stage
group 11B, but using the TNM+Biomarkers system, the ER+/PR+ status shifts the tumors to
either stage 1A or 1A, depending on the histologic grade (Gabriel N. Hortobagyi, 2017;
Giuliano et al., 2018; Weiss et al., 2018). In our analysis, ER+/PR+ BCs contributed to
98.3% of all downstaging BCs. In contrast, ER+/PR- or ER-/PR+ BCs were infrequently
downstaged (3 ER+/PR- and 2 ER-/PR+). Single hormone positive BCs have less favorable
prognosis compared to ER+/PR+ BCs (Bae et al., 2015; Chen et al., 2014; Dunnwald,
Rossing, & Li, 2007; Fallahpour et al., 2017). Thus, the TNM+Biomarkers system
downstages ER+/PR+ BCs and conveys the survival advantage associated with ER+/PR+
status versus positivity for only one of the two hormone receptors (Cserni et al., 2018).

For the first time, BC genomic profile is integrated into the 8" AJCC staging system. The
Breast Cancer Guideline Committee on the National Comprehensive Cancer Network and
American Society of Clinical Oncology state genomic profile results provide additional
prognostic and predictive information (Harris et al., 2007; Leung et al., 2016). At this time,
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OncotypeDx™ (Genomic Health Inc., Redwood City, CA) is the only multigene assay with
level | evidence to support its use in addition to the TNM-Biomarkers system (Enewold,
Geiger, Zujewski, & Harlan, 2015; Leung et al., 2016). The Trial Assigning Individualized
Option for Treatment (TAILORX) documented very low rates of recurrence at 5 years (<1%
for distant recurrence, and <2% for any recurrence) for BCs with favorable gene-expression
profile (defined as RS < 11) treated with endocrine therapy alone (Sparano et al., 2015).
Consequently, the 8t ed AJCC staging guidelines assign T1-T2NO, ER-positive, HER2-
negative BCs with RS<11 to stage group IA, independent of tumor grade and PR status. In
our analysis of the 285 T1-T2 NO ER+/HER2- BCs with RS<11, only 2 BCs (< 1%) were
further downstaged from TNM+Biomarkers stage group IB to final stage group 1A based on
RS<11. Although the data are limited, and more information is needed, our analysis suggests
that, despite its clinical validity as a predictive tool, OncotypeDx™ RS <11 has only limited
added value as a prognostic marker in T1-T2NO ER+/HER2- BCs. Several studies have
shown that histologic grade, ER/PR/HER?2 status and Ki-67 proliferation index correlate
well with RS (Allison, Kandalaft, Sitlani, Dintzis, & Gown, 2012; Auerbach, Kim, &
Fineberg, 2010; Bomeisl, Thompson, Harris, & Gilmore, 2015; Cuzick et al., 2011,
Flanagan, Dabbs, Brufsky, Beriwal, & Bhargava, 2008; Geradts, Bean, Bentley, & Barry,
2010; Hou, Tozbikian, Zynger, & Li, 2017; Klein et al., 2013). Our data also show that the
combination of TNM and biomarker status provides prognostic information comparable to
the RS in over 99% of T1-2N0O, ER+/HER2- BCs. Of note, two invasive lobular BCs in the
NYULMC cohort were T3NO, histologic grade 2, ER+/HER2- BCs and both had low RS
(10 and 5, respectively). Despite having low RS, these BCs could not be downstaged based
on genomic profile due to their large size (T3).

We acknowledge that our study has limitations. Our analysis focused on patients treated at
two cancer centers in a geographic area where most of the population has good access to
health care and breast cancer screening. Our data is current and provides information that is
applicable to contemporary BCs, however no follow-up information is available. In
particular, correlation of the staging data with follow-up information in the MSKCC BC
cohort could not be performed, due to the favorable biology of the tumors and lack of any
event (data not shown). As we reported previously, the rate of distant metastasis for BCs
with RS<10 is very low (1 of 510 patients; 0.2%) (Sparano et al., 2015; Wen et al., 2017).
The 8™ edition AJCC staging guidelines do not separate different subtypes of BC and
therefore we did not perform separate analysis to see if there are any differences in impact
between histologic subtypes. Nevertheless, it would be interesting to investigate if histologic
subtypes impact the TNM+Biomarkers system.

In conclusion, our study demonstrated that the TNM+Biomarkers system changes tumor
stage groups in approximately one third of all BCs. In our cohort, the TNM+Biomarkers
system resulted in more downstaging than upstaging. Most of the downstaging was from
TNM stage group I1A to TNM+Biomarkers stage group 1A. Most triple negative BCs will
upstage with few TNBCs staying in the same stage groups reflecting the limited treatment
options. Lastly, TNM+Biomarkers system accurately classifies over 99% of T1-T2NO, ER+,
HER2- BCs. The genomic profile results (RS<11) seem to provide little additional value for
staging T1-T2NO, ER+, HER2- BCs. To our knowledge, this is the first and only study that
evaluates the impact of genomic profile data in TNM+Biomarkers system.
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Figure la. Case 1.

Step-wise downstaging of BC by different staging systems: TNM, TNM-+biomarkers and
finally TNM+biomarkers+genomic profile result (RS<11). Tumor size (T), Node status (N),
Distant metastasis (M), human epidermal growth receptor2 (HER2), estrogen receptor (ER),
progesterone receptor (PR), Neg (negative), Pos (Positive). The photomicrograph shows an
invasive ductal carcinoma with micropapillary architecture in a mucinous background
(hematoxylin and eosin, 10X). The inset shows the micropapillary clusters with high nuclear

grade (hematoxylin and eosin, 40X).
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Figure 2. Case 2.
Step-wise downstaging of BC by different staging systems: TNM, TNM-+biomarkers and

finally TNM+biomarkers+genomic profile result (RS<11). Tumor size (T), Node status (N),
Distant metastasis (M), human epidermal growth receptor2 (HER2), estrogen receptor (ER),
progesterone receptor (PR), Neg (negative), Pos (Positive). The photomicrograph shows an

invasive ductal carcinoma with solid growth pattern (hematoxylin and eosin, 10X). The inset
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shows sheets of invasive ductal carcinoma cells with high nuclear grade with occasional
mitotic figures (hematoxylin and eosin, 40X).
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Clinicopathologic characteristics of Breast Carcinomas in NYULMC cohort

Table 1.

Total Breast Cancers Total n=1305
(%)
Type of surgery
BCS 793 (60.8)
Mastectomy 512 (39.2)
Histologic Type
IDC, NOS 1072 (82.2)
ILC 170 (13.0)
Mucinous 22 (1.7)
Mixed 21 (1.6)
Others 20 (1.5)
Tumor size (mm)
T1(<20) 984 (75.4)
T2 (> 20 but < 50) 276 (21.1)
T3 (>50) 40 (3.1)
T4 (Any size with direct extension to the chest wall and/or to skin (ulceration or macroscopic nodules)) 5(0.4)
Node status
NO 1047 (80.3)
N1 206 (15.8)
N2 41(3.1)
N3 11 (0.8)
Tumor Grade
Gl 172 (13.2)
G2 731 (56.0)
G3 385 (29.5)
N/A (pT1mi) 17 (1.3)
Estrogen Receptor
Positive 1152 (88.3)
Negative 153 (11.7)
Progesterone Receptor
Positive 1019 (78.1)
Negative 286 (21.9)

Human epidermal growth factor receptor 2
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Total Breast Cancers Total n=1305
(%)
Positive 183 (14.0)
Negative 1114 (85.4)
Equivocal 8 (0.6)
Subtypes
ER+/HER2- 1026 (78.6)
HER2 Positive 183 (14.0)
Triple Negative 96 (7.4)

Page 15

BCS= Breast Conserving Surgery, IDC, NOS = Invasive ductal carcinoma, Not Otherwise Specified; ILC = Invasive Lobular Carcinoma; Mixed =
IDC and any other histologic types; Others include: Invasive papillary carcinoma (10 cases), Metaplastic carcinoma (4 cases), Tubular carcinoma (2
cases), Adenosquamous carcinoma (1 case), Invasive micropapillary carcinoma (1 case), Solid papillary carcinoma (1 case), and Tubulolobular

carcinoma (1 case)
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NYCLMC Cohort: Breast Cancer stage group distribution by TNM alone and TNM+Biomarkers

Table 2A.

Staging TNM TNM-+biomarkers
System n (%) n (%)
1A 864 (66.2) 969 (74.3)
IB 24 (1.8) 189 (14.5)
1A 252 (19.3) 93 (7.1)
1B 96 (7.4) 26 (2.0)
A 53 (4.1) 14 (1.1)
s 5(0.4) 9(0.7)
Inc 11 (0.8) 5(0.4)
Total 1305 (100)
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NYCLMC Cohort: Shifts in Breast Cancer stage groups observed using TNM+Biomarkers over TNM alone

Staging by TNM

Cases (%)

Stage
Group 1A 1B 1A 11B A 1B 1c
796 23 (1.8) 147 v
A1 (61.0)= v a3 | 302
1B 68 (5.3)4 | 1(0.1)= | 49(3.8)Y | 47(36)Y | 24(18) Y
Staging by TNM + 1A 55(4.2= | 2922 | 907 Total
Biomarkers cases A _ v Downstaged
(%) 1B 1(0.1) 14 (1.1)= | 11(0.8) 352 (27.0)
1A 3(0.2)4 6(0.5= | 1(0.1)Y | 4(0.3)=Y
1B 4(03)= | 5(04)Y
1nc 3(0.24 2(0.2)=
Total
TOI";ISU(ES%QM Unchanged
) 878 (67.3)

Values in orange shaded boxes indicate cases (n(%)‘) that are upstaged; green shaded boxes indicate cases (n(%)v) that are downstaged.
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Clinicopathologic characteristics of T1-T2NO, ER-positive, HER2-negative, RS<11 BCs

Table 3.

NYULMC (2016-2017) | MSKCC (2011-2013) Total BCs
(n=53) (n=232) (n=282)

Breast Cancer n(%) n (%) n (%)
Mean age (in years) [range] 61.5 [36-84] 58.6 [41-84] 60.4 [36-84]
Primary surgery
BCS 36 (67.9) 161 (69.4) 197 (69.1)
Mastectomy 17 (32.1) 71 (30.6) 88 (30.9)
Histologic Type
IDC 41 (77.4) 196 (84.5) 237(83.2)
ILC 6 (11.3) 7(3.0) 13 (4.5)
Others 6 (11.3) 29 (12.5) 35 (12.3)
Tumor size (mm)
T1 (< 20) 41 (77.4) 214 (92.2) 255 (89.5)
T2 (> 20 but < 50) 12 (22.6) 18 (7.8) 30 (10.5)
Histologic Grade
Gl 14 (26.4) 106 (45.7) 120 (42.1)
G2 34 (64.2) 120 (51.7) 154 (54.0)
G3 5(9.4) 6 (2.6) 11 (3.9)
Progesterone Receptor
Positive 53 (100) 223(96.1) 276 (96.8)
Negative 0 (0) 9(3.9) 9(3.2)
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BCS= Breast Conserving Surgery, IDC, NOS = Invasive ductal carcinoma, Not Otherwise Specified; ILC = Invasive Lobular Carcinoma; Mixed =
IDC and any other histologic types;
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Comparison of stage groups in T1-T2, NO, ER-positive, HER2-negative tumors by TNM alone, TNM
+Biomarkers, and TNM+Biomarkers+RS<11

NYULMC 2016-2017 (n=53) MSKCC 2011-2013 (n=232)
N (%) N (%)
gﬁ%ﬂ% TNM | TNM+Biomarkers | TNM+Biomarker+RS<11 TNM TNM+Biomarkers | TNM+Biomarker+RS<11
IA | 41(77.9) 51 (96.2) 53 (100) 214 (92.2) 232 (100) 232 (100)
1B 0(0) 2(3.8) 0(0) 0(0) 0(0) 0(0)
HA | 12 (22.6) 0(0) 0(0) 18 (7.8) 0(0) 0(0)
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