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Abstract

Background: In October 2016 the American Joint Committee on Can-
cer published the early eighth edition breast cancer prognostic staging
system, incorporating biomarkers into previously accepted staging.
The updated and current eighth edition became effective nationwide in
January 2018 after a large update to its staging guidelines. This study’s
aim was to compare patients’ anatomic seventh edition (anatomic),
early eighth (pre-update, prognostic), and current eighth (post-update,
prognostic) pathological stages and to assess the utility of recent inclu-
sions to staging criteria. Additionally, we observed how the aforemen-
tioned stage changes aligned with breast cancer histologic subtypes.

Methods: An Institutional Review Board (IRB)-approved retrospec-
tive chart review was performed. Inclusion criteria included female pa-
tients between the ages of 35 to 95 years with a diagnosis of invasive
ductal or lobular carcinoma of the breast (n = 100) at three Hackensack
Meridian Health hospitals. The study evaluated any trends in patients’
stage changes between the seventh edition, early eighth edition, and
current eighth edition breast cancer staging guidelines. Breast cancer
restaging was performed using a novel staging tool on Microsoft Excel.

Results: Only 26% of patients’ stages changed when comparing the
seventh edition stage vs. current eighth edition prognostic staging,
most of which were downstaged. When comparing the seventh with
early eighth edition prognostic staging, 38% of the patients’ stages
changed, with a majority of them being upstaged. Lastly, 95% of total
stage changes were downstages between the early eighth and current
eighth edition staging guidelines.

Conclusions: When comparing the seventh edition vs. current eighth
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edition staging, few patients (especially those with early stage cancer)
underwent a stage change. However, there were significant changes
in stage when comparing early eighth vs. current eighth stages. Con-
sidering these changes were mostly downstages and many patients
reverted to their original seventh edition stage, the current eighth edi-
tion is based on a personalized, less radical staging approach, one that
is more synonymous with original seventh edition staging.

Keywords: Breast cancer; AJCC; Clinical biomarkers; Histologic
subtypes; Prognostic staging

Introduction

In the United States, approximately over 200,000 new cases of
breast cancer are diagnosed yearly, and it is the second lead-
ing cause of cancer death among women [1, 2]. Traditionally,
the American Joint Committee on Cancer (AJCC) has recom-
mended the usage of anatomical features, as seen in the seventh
edition AJCC cancer staging manual, to classify breast cancer
tumors. The TNM (tumor size (T), nodal status (N), metasta-
ses (M)) staging system categorizes the extent and location of
a breast cancer tumor without needing clinical laboratory test-
ing [3]. In October 2016, the AJCC published the eighth edition
breast cancer prognostic staging system (“early eighth edition”).
This incorporated the usage of biomarkers into previously ac-
cepted TNM staging [4]. This addition to staging guidelines rec-
ognizes the utility of several biologic markers such as estrogen
receptor (ER), progesterone receptor (PR), human epidermal
growth factor receptor-2 (HER2). Histological grades are also
included in the eighth edition breast cancer staging system. Con-
sequently, breast cancer patients are assigned a prognostic stage
based on information gathered from TNM classification and
the four aforementioned biomarkers. The AJCC eighth edition
staging system integrates clinical laboratory testing for a more
comprehensive and personalized prognostic staging criteria [5].

Following a critical update to its staging criteria, the
AJCC eighth edition became effective in January 2018 (“cur-
rent eighth edition”). The early eighth edition was reevaluated
to account for “discrepancies” such as a single breast cancer
staging system for in situ and invasive carcinomas that was
separated into two different prognostic staging systems [6]. As
a result, the Clinical Prognostic Stage Group (anatomic stag-
ing) and Pathological Prognostic Stage Group (anatomic +
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biomarker staging) were created. Also, criteria were added to
the current eighth edition which better incorporates the usage
of multigene panels for additional prognostic insight.

This study aims to provide insight for patients and physi-
cians on how breast cancer prognostic stages changed between
the anatomic seventh edition, early eighth edition (pre-update
AJCC eighth edition), and current eighth edition (post-update
AJCC eighth edition). It was of additional interest to evaluate
how restaging affected the relationship between breast cancer’s
relative prognostic severities and its histologic subtypes: lumi-
nal A, luminal B, luminal B HER2 enriched, HER2 positive,
and triple negative [7]. Patient restaging was done using a prog-
nostic restaging tool designed to automatically provide a current
AJCC eighth edition breast cancer stage. The study’s aim is of
clinical importance since restaged tumors are accompanied with
potential modifications to treatment options. By upstaging a tu-
mor for example, it will be categorized as more severe and will
consequently require a more aggressive therapeutic approach.
While there have been several large-scale foreign studies assess-
ing these stage changes, this study analyzes the stage changes in
a suburban American academic medical center [8-11].

Materials and Methods

Selection and description of participants

Upon receiving the Institutional Review Board approval, a ret-
rospective chart review was conducted for 100 breast cancer pa-
tients from January 1, 2017 to May 30, 2018 at three hospitals
within the Hackensack Meridian Health system: Jersey Shore
University Medical Center, (JSUMC), Riverview Medical Cent-
er (RMC), and Ocean Medical Center (OMC). All clinical data
were compiled from electronic medical records and obtained
from the Meridian Tumor Registry. Inclusion criteria included
female patients between the ages of 35 to 95 years with a di-
agnosis of invasive ductal or lobular carcinoma of the breast.
Patient data included age, race, sex, and TNM information. To
restage patients according to the early and current AJCC eighth
edition staging system, biomarker status was recorded for ER,
PR, HER2, as well as the Oncotype Dx score. Imaging results
were collected from magnetic resonance imaging (MRI), com-
puted tomography (CT), positron emission tomography (PET)
and mammogram scans. Pathology reports were reviewed.

Technical information and statistics

Patients were restaged from the anatomic seventh edition to early
eighth edition and current eighth edition stages using a prognos-
tic staging tool programmed at JSUMC. The Microsoft Excel
program provides a breast cancer prognostic stage according to
the current eighth edition guidelines (Supplementary 1) (www.
jocmr.org). Once information such as T, N, M status, histologic
grade, biomarker statuses, and multigene panel results are en-
tered into the program, a current eighth edition cancer stage (IA,
IB, 1A, IIB, IIIA, IIIB, IIIIC, and IV) is generated. Additionally,
descriptive statistics were collected to assess trends in patients’
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Table 1. Demographic and Pathological Characteristics of
Studied Breast Cancer Patients (N = 100)

Characteristic N % of cohort

Age at diagnosis

35-50 12 12%
>50 88 88%
Ethnicity
White 90 90%
Black 5 5%
Asian Indian 1 1%
Other 3 3%
N/A 1 1%
Tumor size grade?®
Tl 70 70%
T2 24 24%
T3 6 6%
Nodal status grade®
NO 79 79%
N1 14 14%
Nlmi 3 3%
N2 3 3%
N3 1 1%
Metastases grade?®
MO 99 99%
Ml 1 1%
Histological grade
Gl 20 20%
G2 52 52%
G3 28 28%

aTumor size grade, nodal status grade, and metastases grade are used
for anatomic seventh edition staging of breast cancer tumors.

stage changes between the seventh edition, early eighth edition,
and current eighth edition. Observed stage changes between the
three staging guidelines were arranged into various graphs.

Data availability statement

The datasets generated during and/or analyzed during the cur-
rent study are available from the corresponding author on rea-
sonable request.

Results

Patient characteristics

Among the 100 patients reviewed for this study, the mean age
was 65.9 years old, with ages ranging from 35 - 95 (Table 1). A
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Table 2. Pathological Classification and Biomarker Status of
Studied Breast Cancer Patients (N = 100)

Characteristic N % of cohort
Histology

Ductal 82 82%

Lobular 16 16%

Other 2 2%
ER status

Positive 87 87%

Negative 13 13%
PR status

Positive 70 70%

Negative 30 30%
HER?2 status

Positive 14 14%

Negative 86 86%
Ki67

Positive (< 10%) 32 32%

Intermediate (10-20%) 10 10%

Negative (> 20%) 40 40%

N/A 18 18%
Oncotype Dx score

Low-risk (< 18) 25 25%

Intermediate (18 - 30) 15 15%

High-risk (> 31) 1 1%

Test not performed 42 42%

N/A 17 17%

ER: estrogen receptor; PR: progesterone receptor; HER2: human epi-
dermal growth factor receptor-2.

majority of the cases were Caucasian patients and about 5% of
patients were African American. In order to understand stage
changes between the seventh edition and the early and current
AJCC ecighth edition staging systems, a variety of histological
grades were observed. A majority of tumor histology from hos-
pital pathology analysis showed that 82% of cases were ductal
carcinomas while 16% of cases were lobular carcinomas.

An analysis of biomarker status was also included in the
study (Table 2). In regards to the ER and PR most cases were
positive. Approximately 86% of cases were HER2 negative.
The Ki-67 protein test, a cellular marker for proliferation, is a
laboratory test used to measure the extent of a tumor. Thirty-
two percent of patients tested positive for the Ki67 protein test
and 40% of patients tested negative. When recording the On-
cotype Dx score, a multigene panel test, 25% were categorized
as “low risk” for tumor recurrence.

Comparison of breast cancer stages

There were several evident changes when assessing stage dis-
tribution for the anatomic seventh edition, early eighth edition,
and current eighth edition (Fig. 1). Stage distribution accord-
ing to the seventh edition anatomic staging was: 64% patients
stage 1A, 20% stage ITA, 8% stage IIB, 6% stage IITA, 1%
stage IIIC, and 1% stage IV. Observed breast cancer cases
staged for the early eighth edition system demonstrated that
57% patients were classified as stage IA, 16% as stage IB, 6%
as stage IIA, 7% as stage 1IB, 6% as stage 1A, 5% as stage
IIIB, 2% as stage IIIC, and 1% of observed cases as stage I'V.
Lastly, for the current eighth edition, stage distribution was:
70% patients stage IA, 12% stage IB, 7% stage IIA, 4% stage
1IB, 5% stage IIIA, 1% stage IIIC, and 1% stage IV.

Notably, there were no IB staged cases in the seventh edi-
tion criteria. When patients were restaged to reflect the eighth
edition’s guidelines, the population saw a 16% increase in
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Figure 1. Distribution of the seventh edition anatomic stage, early eighth edition prognostic stage, and current eighth edition

prognostic stage among breast cancer patients (n = 100).
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Figure 2. Stage changes in the seventh edition vs. current eighth edi-
tion of breast cancer prognostic stage (n = 100).

IB cases for the early eighth edition and a 12% increase in
IB cases for the current eighth edition. For ITA staged cases,
the early and current eighth editions show a decrease in cases
as compared to the seventh edition anatomic staging system.
Additionally, IA tumors were consistently the most common
across all three staging criteria.

The seventh vs early eighth and current eighth edition
breast cancer staging

When comparing stage changes between the anatomic sev-
enth and current eighth edition prognostic staging systems, 26
(26%) of total cases underwent a stage change (Fig. 2); and
23.1% (6/26) of those cases were upstages. Out of the 26 total
stage changes, five cases (19.2%) were upstaged by one level
and one case (3.8%) upstaged by two levels. There was no
case that upstaged by three levels. ) Of the total stage changes,
76.9% (20/26) of them were downstages. Out of the 26 total
stage changes, four cases (15.4%) were downstaged by one
level, 15 (57.7%) downstaged by two levels, and one case
(3.8%) downstaged by three levels. A comparison was also
performed with patients’ stage changes between the anatomic
seventh and early eighth edition (Fig. 3).

There were several changes when comparing the anatomic
seventh edition stages with the current eighth edition prognos-
tic staging system. Out of the 64 patients with stage IA accord-
ing to the seventh edition, 60 (93.8%) remained prognostic
stage 1A, and four cases (6.3%) were upstaged to prognostic
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Figure 3. Stage changes in the seventh edition vs. early eighth edition
of breast cancer prognostic stage (n = 100).
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Figure 4. Stage changes in early eighth edition vs. current eighth edi-
tion of breast cancer prognostic stage (n = 100).

stage IB. Out of the 20 patients with stage IIA according to
the seventh edition, seven (35.0%) remained prognostic stage
ITA, 10 (50.0%) downstaged to prognostic stage [A, and three
(15.0%) downstaged to prognostic stage IB. There were eight
patients with stage IIB according to the anatomic seventh
edition, three (37.5%) remained prognostic stage IIB, four
(50.0%) downstaged to prognostic stage 1B, and one (12.5%)
upstaged to prognostic stage IIIA. Out of six anatomic stage
IITIA patients, three (50.0%) remained prognostic stage IIIA,
one (16.7%) downstaged to prognostic stage 1B, one (16.7%)
downstaged to prognostic stage IIB, and one (16.7%) upstaged
to prognostic stage IIIC. Only one patient (100%) with stage
HIC according to the anatomic seventh edition was down-
staged to prognostic stage IIIA. Lastly, one patient (100%)
with stage IV according to the anatomic seventh edition re-
mained prognostic stage IV.

The early eighth edition vs. current eighth edition breast
cancer staging systems

When comparing stage changes between the early prognos-
tic and current prognostic eighth edition staging systems, 41
(41%) of total cases underwent a stage change (Fig. 4). Two
(2/41, 4.9%) of the total stage changes were upstages. Out of
the 41 total stage changes, one case (2.4%) was upstaged by
one level and one (2.4%) upstaged by two levels. There was
no case that was upstaged by three levels. Thirty-nine (39/41,
95.1%) of the total stage changes were downstages. Out of the
41 total stage changes, 29 (70.7%) were downstaged by one
level and 10 (24.4%) downstaged by two levels. There was no
case that was downstaged by three levels.

There were several changes when comparing early eighth
edition prognostic stage with the current eighth edition prog-
nostic stage. Out of the 57 patients with early eighth edition
prognostic stage IA, 55 (96.5%) remained prognostic stage
IA, one (1.8%) upstaged to current eighth edition prognos-
tic stage IB, and one (1.8%) upstaged to current eighth edi-
tion prognostic stage IIA. Out of the 16 patients with early
eighth edition prognostic stage IB, one (6.3%) remained cur-
rent eighth edition prognostic stage IB and 15 (93.8%) down-
staged to current eighth edition prognostic stage IA. Out of
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Figure 5. (a) Stage changes across histologic subtypes (the seventh vs. early eighth edition). (b) Stage changes across histo-

logic subtypes (the seventh vs. current eighth edition).

six patients with early eighth edition prognostic stage IIA, six
(100%) downstaged to current eighth edition prognostic stage
IB. Of the seven patients with early eighth edition prognostic
stage IIB, four (57.1%) downstaged to current eighth edition
prognostic stage IB and three (42.9%) downstaged to cur-
rent eighth edition prognostic stage IIA. Out of six patients
with early eighth edition prognostic stage IIIA, one (16.7%)
remained current eighth edition prognostic stage IIIA, three
(50.0%) downstaged to current eighth edition prognostic stage
IIA, and two (33.3%) downstaged to prognostic stage IIB. Out
of five patients with early prognostic stage IIIB, two (40.0%)
downstaged to current eighth edition prognostic stage IIB and
three (60.0%) downstaged to prognostic stage IIIA. Out of two
patients with early eighth edition prognostic stage IIIC, one
(50.0%) remained current eighth edition prognostic stage IIIC
and one (50.0%) downstaged to prognostic stage IIIA. Lastly,
one (100%) early eighth edition prognostic stage IV patient
remained current prognostic stage V.

Breast cancer staging systems vs. histologic subtypes

Out of the total population, the numbers of patients with lu-
minal A, luminal B, luminal B HER2-enriched, HER2 posi-
tive, and triple negative histologic subtypes were: 34 (34.0%),
31 (31.0%), 8 (8.0%), 5 (5.0%), 9 (9.0%). When comparing

AT |
mc 1
na Nl
) B
=z
%] A I
B
0 10 20
1A 1B
= Luminal A 28 5
m Luminal B 25 1
# Luminal B HER2 enriched 5 1
HER2 positive 1 0
mTriple negative 0 4
m A 1 1

the seventh edition and early eighth edition prognostic stages,
23.5% (8/34) luminal A patients, 29.0% (9/31) luminal B pa-
tients, 62.5% (5/8) luminal B HER-2 enriched patients, 100%
(5/5) HER?2 positive patients, and 100% (9/9) triple negative
patients underwent a stage change (Fig. 5a). A majority of the
stage changes in luminal A and luminal B were downstages:
62.5% (5/8) and 55.6% (5/9), respectively; and 100% (5/5,
9/9) of HER2 and triple negative stage changes were upstages.
When comparing the seventh edition and current eighth edi-
tion prognostic stages, 23.5% (8/34) luminal A patients, 22.6%
(7/31) luminal B patients, 37.5% (3/8) luminal B HER-2 en-
riched patients, 0% (0/5) HER2 positive patients, and 66.7%
(6/9) triple negative patients underwent a stage change (Fig.
5b). One hundred percent (8/8, 7/7, 3/3) of the luminal A, lu-
minal B, and luminal B HER2 enriched stage changes were
downstages; and 100% (6/6) of the triple negative stage chang-
es were upstages.

In the current eighth edition staging, the distribution of
histological subtypes was quite broad (Fig. 6). The major-
ity of luminal A cases (82.4%) were classified as prognostic
stage IA. Similarly, the majority of luminal B cases (80.6%)
and HER2 enriched cases (62.5%) were classified as prog-
nostic stage [A. There were no triple negative cases that were
classified as prognostic stage IA. A majority of triple nega-
tives were classified as prognostic stages IB (44.4%) and IIA
(33.3%).
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Figure 6. Distribution of stages across histologic subtypes in current eighth edition.
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Discussion

The AJCC’s seventh edition cancer staging system was rooted
in anatomic classification and afforded clinicians the ability
to stage tumors without clinical laboratory tests [8]. When
comparing the anatomic seventh vs. early eighth prognostic
staging, few patients (especially those with early stage cancer)
underwent a stage change (Fig. 3) (Supplementary 2) (www.
jocmr.org). The same was observed for the anatomic seventh
vs. current eighth prognostic staging. However, there were
considerable changes in stage when comparing early eighth
vs. current eighth edition prognostic stages. It was noted these
changes were mostly downstages and many patients kept their
original seventh edition stage after the update. The current
eighth edition is based on a personalized, less radical staging
approach, one that is more synonymous with original seventh
edition staging. In the review of histologic subtypes, the stag-
ing changes are mixed (Figs. 5a, b and 6). Most luminal A and
B patients are stage IA and downstaged, and slightly more than
half of the HER2 positive cases were classified as prognostic
stage IA in the current eighth edition. Triple negative patients
were upstaged in every observed instance. As a result, it is im-
portant to recognize the implications staging changes have on
the patient [9].

By incorporating contemporary biomarkers into the previ-
ously accepted anatomic staging, the AJCC aims to provide
more personalized staging and consequently, more personal-
ized treatment options. It is an elaborate system based on his-
tory, physical examination, imaging studies, and relevant biop-
sies. It incorporates prior TNM criteria to tumor grade, HER2,
ER, and PR status. It also takes into account the recurrence
score, the result of a multigene assay, called Oncotype Dx,
for patients with hormone receptor-positive, HER2-negative,
node-negative tumors that are < 5 cm. It is important to note
that the incorporation of contemporary biomarkers into treat-
ment decisions has been done by clinicians prior to the AJCC
publishing the early eighth edition staging manual.

In determining the long-term effects on the updated stage
changes among breast cancer patients, a study would need to
follow patients for an extended period of time. Given that all
patients are alive in this study, it became difficult to detect the
long-term effects of stage changes. The limitation of incor-
porating the current eighth edition staging system is that it is
somewhat more complex than the prior TNM staging and its
utilization will encourage additional laboratory genomic stud-
ies. There is a need for further research on breast cancer man-
agement employing the new staging system. This especially
applies to developing countries considering that full breast
cancer therapy is often cost prohibitive [10]. The challenge for
research is to simplify the prognostic studies further while im-
proving and refining prognostic prediction. In the bigger pic-
ture, these genomic and HER-2 studies could reduce the over-
all cost of care by improving outcomes and selecting patients
who truly need extra treatment [11].

In the future, greater attention will likely be channeled to-
wards genomic testing in order to predict the behavior of a
tumor and responsiveness to drugs. The MammaPrint test, a
genomic test made by Agendia, and the Prosigna Breast Can-
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cer Prognostic Gene Signature Assay by NanoString assess the
activity of certain genes in early-stage breast cancer by clas-
sifying patients as either low risk or high risk of recurrence
[12, 13]. The MammaPrint test and the Prosigna assay analyze
the activity of approximately 70 and 58 genes respectively by
measuring its expression levels. This offers insight on how the
tumor will eventually grow and spread [14]. Another genomic
test, the Blueprint genomic lab test, is used in conjunction with
the MammaPrint test to analyze the mutations that are dictat-
ing the tumor’s behavior [15]. It allows clinicians to narrow
tumor subtype into three classifications: luminal-type, HER2-
type, and basal-type. By combining this test’s results with the
MammaPrint test’s recurrence risk, clinicians may be better
equipped to navigate the aggressive treatment strategies in-
volving early-stage breast cancer patients.

The Oncotype DX test has been readily incorporated into
existing breast cancer staging guidelines and treatment deci-
sions [16]. It is widely recognized in determining risk of recur-
rence in early-stage estrogen receptor positive breast cancer
and has been tested in several large-scale studies such as the
TAILORX trial [17]. Additionally, the Oncotype DX test relies
on the activity of 21 genes to infer potential responsiveness
to chemotherapy and radiotherapy (for cases involving ductal
carcinoma in situ). The test provides a recurrence score which
serves to guide physicians from a prognostic standpoint as well
as a predictive one for responsiveness to certain treatment op-
tions [18]. The aforementioned commercially available tests
show potential to gain widespread use. Clinicians are already
using it to inform their treatment decisions involving chemo-
therapy and other therapeutic approaches.

Breast cancer knowledge is advancing steadily, especially
after addition of biologic markers [19]. Use of these markers
along with histologic grading is associated with improved sur-
vival independent of TNM staging [20]. Incorporation of these
additional criteria to the prior TNM staging would therefore
provide more precise and accurate staging, and is expected to
improve overall patient outcomes through more precise treat-
ment strategies [21]. Since biologic markers have directly been
associated with selection of treatment strategies including de-
cisions for chemotherapy and endocrine therapy, the new stag-
ing is expected to have a favorable impact on risk of recur-
rence, which will in turn be very important for the internist and
primary care physician following the patient. It further implies
that the new staging system will decrease the financial burden
of cancer treatment since we know that the treatment of breast
cancer becomes more expensive as the stage advances, owing
to the fact that advance stage patients require more resource
utilization [22].

Conclusions

With the introduction of the AJCC’s eighth edition breast can-
cer staging system, there has been wide acknowledgement
of the value of histochemical and genomic findings in the
evaluation of breast cancer patients and treatment decisions.
The inclusions made to the eighth edition staging system for
breast cancer demonstrate the effort towards more precise and
personalized treatment planning. A more detailed and scien-
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tific approach to classification of breast cancer patients such
as the eighth edition will allow valid outcome comparisons to
be made among various local and international study groups.
Moving forward, the histologic subtype of a breast cancer
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