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ABSTRACT

The American Joint Committee on Cancer (AJCC) 8th edition prognostic staging was introduced to improve breast cancer staging
by incorporating factors like hormone receptor status and human epidermal growth factor receptor-2 (HER2) expression. This study
assesses its effectiveness in locally advanced breast cancer (LABC). A total of 557 patients with locally advanced breast cancer
(Stage ll) were re-evaluated using prognostic staging. Overall survival (OS), disease-free survival (DFS), and distant metastasis free
survival (DMFS) rates were evaluated using the Kaplan-Meier method, and the log-rank test was employed to compare outcomes
between anatomic and prognostic staging. According to restaging 34.5% of patients remained in the same stage, while 55.8% were
downstaged, and 9.7% were upstaged. When patients reassigned using prognostic staging patients classified as stage IIA showed
improved OS rates compared to those in stages IlIA, llIB, and IlIC (p< 0.001 for each). Patients with prognostic stage IIA had better
DFS compared to llIA, lIIB (p= 0.003, and p< 0.001, respectively). Both anatomic and prognostic staging were found to significantly
impact OS in patients with Luminal-A tumors (p= 0.008 and p= 0.001, respectively), whereas neither anatomic nor prognostic stage
had any impact on triple negative subgroup. When stage A patients restaged, downstaged individuals showed better OS than those
who stayed at the same stage or were upstaged (p= 0.01 and p= 0.02, respectively). This study highlights the prognostic staging
system’s superiority over anatomic staging in predicting survival outcomes for LABC, and the use of the prognostic staging system
for more personalized treatment strategies.
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INTRODUCTION apy became standard treatment for LABC by its
added benefit of increasing likelihood of breast-
conserving surgery (BCS) by reducing tumor size,

besides improving survival rates.”®

Breast cancer is the most frequently occurring
type of cancer among women.! With the advent of
widespread breast cancer screening, more patients

are being detected at earlier stages, leading to a de-
crease in the number of cases detected at locally
advanced stages.?? Using the multimodal treatment
approach -comprising surgery, radiotherapy, and
systemic therapies such as chemotherapy, hormone
therapy, and targeted agents- is improved the sur-
vival outcomes in patients with locally advanced
breast cancer (LABC).* Neoadjuvant chemother-
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Since, the staging system was introduced by the
AJCC (American Joint Committee on Cancer) in
1977, breast cancer staging has relied on anatomic
factors tumor size, lymph node involvement, and
metastasis using the TNM system.” However,
survival outcomes in LABC vary widely, and the
TNM system may not fully capture the biological
heterogeneity of the disease.!®!
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Integrating biomarkers like estrogen (ER), pro-
gesterone receptors (PR), and human epidermal
growth factor receptor2 (HER?2) into breast can-
cer staging has been a significant advancement in
cancer management.'”> These biomarkers provide
critical information about tumor biology, helping
tailor treatment plans and improve prognostic ac-
curacy.” ER/PR-positive cancers generally have
a better prognosis and respond well to hormonal
therapies like tamoxifen or aromatase inhibitors.'*
HER?2-positive cancers are more aggressive but re-
spond to targeted therapies like trastuzumab, per-
tuzumab, tucatinib, lapatinib.'>'® Despite ongoing
research, there is still a critical need for effective
treatment options for triple-negative breast cancer,
which has the poorest prognosis among breast can-
cer subtypes. '

The risk score analysis using tumor grade and re-
ceptor status demonstrated that, within the same
anatomic stage, patients with ER-positive breast
cancer had the best outcomes, whereas those with
triple-negative disease had the poorest outcomes.?
Furthermore, several studies have suggested that
biomarker-integrated models offer better predic-
tive value for breast cancer outcomes, which high-
lighted the need for a new staging system that
includes these additional factors.?** The 8th edi-
tion of the American Joint Committee on Cancer
(AJCC) staging system introduced a prognostic
staging model that integrates key biological mark-
ers such as ER, PR, HER?2 status, and tumor grade,
as well as Oncotype multi-gene assay for early
stage, T1-2NOMO, ER+, HER2- tumors.?® The hy-
pothesis of our study is that this new prognostic
system provides a more accurate reflection of sur-
vival outcomes in LABC compared to anatomic
staging alone, by offering better patient stratifica-
tion based on both anatomic and biological factors.

PATIENTS AND METHODS
Study Design and Patient Population

This retrospective study evaluated 557 female pa-
tients diagnosed with locally advanced breast can-
cer who received radiotherapy at our clinic between
2000 and 2019. Patients were included if they were
diagnosed with locally advanced disease, defined
as stage IIIA-IIIC according to the 8th Edition of
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the AJCC Cancer Staging Manual, TNM classifica-
tion. Exclusion criteria included early-stage breast
cancer (T1-2NO-1, T3NO), metastatic disease at di-
agnosis, male patients, and those for whom HER?2,
ER, PR status, or tumor grade—required for prog-
nostic staging— were not available.

Diagnosis and Staging and Restaging

Diagnosis was pathologically confirmed for all pa-
tients. Tumors were staged according to 8th Edition
of the AJCC Cancer Staging Manual, which incor-
porates tumor size (T), nodal involvement (N), and
presence of distant metastases (M). Clinical stag-
ing was determined based on retrospectively col-
lected data from a combination of clinical and im-
aging evaluations, including physical examination,
mammography, breast ultrasonography, magnetic
resonance imaging (MRI), and positron emission
tomography (PET). Following initial TNM staging,
tumors were restaged according to the AJCC 8th
Edition Prognostic Staging System, with integra-
tion of histologic grade, hormone receptor status
(ER, PR), and HER?2 status.”® When the prognos-
tic stage was higher than the anatomic TNM stage,
the cases were classified as upstaged. Conversely,
if the prognostic stage was lower, they were con-
sidered downstaged. Cases where both stages were
identical were defined as stage unchanged.

Histopathological Evaluation

The histopathological evaluation involved examin-
ing the tissue samples obtained from surgery or bi-
opsy to assess various tumor characteristics. These
included the type of breast cancer, the size of the
tumor, and the extent of lymph node involvement.
The status of estrogen receptor and progesterone
receptor was determined through immunohisto-
chemical (IHC) testing, with receptor positivity
defined as cases where 1% or more of the cells
showed nuclear staining.”* HER2 status was also
assessed, either through immunohistochemistry or
fluorescent in situ hybridization (FISH), and HER2
was considered positive if it scored 3+ on immu-
nohistochemistry or showed gene amplification on
FISH.»

Based on these results, the tumors were classified
into molecular subtypes: Luminal A, Luminal B,
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HER2-enriched, or triple-negative breast cancer.?
Additionally, the grade of the tumor was deter-
mined using the Nottingham grading system. Other
important features, such as extra nodal extension
(tumor spread beyond the lymph node capsule),
lympho-vascular invasion (tumor cells in blood
or lymph vessels), and perineural invasion (tumor
growth around nerves), were also recorded.

Treatment Protocol

All patients received standard multimodal treat-
ment, including surgery, radiotherapy, and system-
ic therapy -neoadjuvant or adjuvant chemotherapy,
hormonotherapy, and targeted therapy- based on
molecular subtypes and clinical guidelines. Radio-
therapy was administered to chest wall or whole
breast and regional lymph nodes as indicated, 50
Gy in 25 fractions, and an additional dose of 10 Gy
administered to tumor bed in 5 fractions, Fraction-
ation schedules adapted to patient characteristics
and tumor staging. Surgical interventions included
mastectomy or breast-conserving surgery, depend-
ing on tumor response to neoadjuvant therapy, sur-
geon’s decision, and patient preference.

Follow-Up and Outcome Measures

Patients’ records were reviewed for regular clinical
assessments and imaging to monitor for disease re-
currence. The primary outcome measures included
overall survival (OS), disease-free survival (DFS),
and distant metastasis-free survival (DMFS). Sur-
vival was defined as the time from diagnosis to
death or the last follow-up. DFS was defined as the
time from diagnosis to local or distant recurrence,
and DMFS was defined as the time to the first oc-
currence of distant metastasis.

Ethical Considerations

This study was conducted in accordance with the
Declaration of Helsinki and was approved by the
Akdeniz University Faculty of Medicine Clinical
Research Ethics Committee (approval number:
KAEK-429; 24.05.2023) Due to the retrospective
nature of the study, informed consent was waived
by the ethics committee.
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Table 1. Molecular and histopathologic characteristics of
the tumor
Histopathology n(%)

Invasive Ductal Carcinoma 436 (78.3)

Invasive Lobular Carcinoma 36 (6.5)

Infiltrative Ductal Carcinoma 19 (3.4)

Mixed Type 42 (7.5)

Other 24 (4.39)
Molecular Subtype

Luminal A 276 (49.6)

Luminal B 169 (30.3)

Triple Negative 60 (10.8)

HER2-enriched 52 (9.9)
ER Status

Positive 415 (74.5)

Negative 142 (25.5)
PR Status

Positive 370 (66.4)

Negative 187 (33.6)
HER?2 Status

Positive 182 (32.7)

Negative 375 (67.3)
Grade

1 22 (4)

2 301 (54)

8 234 (42)
Lympho-vascular Invasion

Yes 291 (562.2)

No 164 (29.5)

Unknown 102 (18.3)
Extra Nodular Extension

Yes 224 (40.2)

No 153 (27.5)

Unknown 180 (32.3)
Perineural Invasion

Yes 88 (15.8)

No 258 (46.3)

Unknown 211 (37.9)

Statistical Analysis

All statistical analyses were performed using IBM
SPSS Statistics version 25 (SPSS Inc., Chicago,
IL). Descriptive statistics were used to summarize
the baseline characteristics of the patients, includ-
ing age, tumor size, nodal involvement, receptor
status, molecular subtype, and treatment received.
Categorical variables were compared using the chi-
square test or Fisher’s exact test where appropri-
ate. Survival outcomes were analyzed using the
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Table 2. Distribution of patients by clinical and pathological staging of tumor size (T) and lymph node (N) involvement

cNO cN1 cN2 cN3 Total for cT Stage
n (%)

cTO = = 1 1 2 (0.4%)

cT1 - - 53 24 77 (13.8%)

cT2 - - 183 77 260 (46.7%)

cT3 - 50 51 41 142 (25.5%)

cT4 10 20 25 21 76 (13.6%)

Total for cN stage 10 4 313 164 557
pNO pN1 pN2 pN3 Total for pT Stage

pTO 36 7 7 3 583 (9.5%)

pT1 14 27 61 18 120 (21.5%)

pT2 7 12 156 73 248 (44.5%)

pT3 1 32 26 39 98 (17.6%)

pT4 6 8 18 11 38 (6.8%)

Total for pN stage 64 86 263 144 557

Kaplan-Meier method, and differences in survival
between groups were compared using the log-rank
test. Hazard ratios (HR) with 95% confidence in-
tervals (CI) were calculated using the Cox propor-
tional hazards model. A p-value of less than 0.05
was considered statistically significant.

RESULTS
Characteristics of patients

The study included 557 patients aged 26 to 86
years, with a median age of 49. Approximately half
of the patients were premenopausal (50.1%), while
45.1% were postmenopausal and 4.8% were peri-
menopausal. The predominant histological subtype
was invasive ductal carcinoma, and Luminal A was
the most prevalent molecular subtype. Tumor char-
acteristics, including receptor status, tumor grade,
lympho-vascular invasion, extra nodal extension,
perineural invasion, and molecular subtypes, are
summarized in Table 1. Clinical and pathological
T and N stages are detailed in Table 2.

Restaging According to Prognostic Staging

Based on anatomic staging, 60.7% of the patients
were classified as stage IIIA, 9.9% as stage IIIB,
and 29.4% as stage IIIC. When restaged using the
AJCC 8th edition prognostic system, 4.5% staged
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as stage 1B, 25.1% were categorized as stage IIA,
1.8% as stage 1IB, 23.7% as stage IIIA, 33.8% as
stage IIIB, and 11.1% as stage IIIC. The findings
indicated that 34.5% of the patients remained in
the same stage, while 9.7% were upstaged, and
55.8% were downstaged. Notably, 66% of Luminal
A and Luminal B tumors were downstaged, 60%
of TNBC tumors were upstaged. In patients with
anatomic stage IIIA, those who were assigned to
lower prognostic stage had better overall survival
than those who stayed at the same stage or were
upstaged (p=0.01 and p=0.02 respectively). How-
ever, this difference was not observed in patients
with anatomic stage IIIB or IIIC.

Survival Outcomes

The median follow-up period for the study was 83
months (range: 10-292 months). The 5-year OS
rate was 83%, and the 10-year OS rate was 67%.
The 5-year DFS rate was 74%, while the 10-year
DFS rate was 61%. The OS and DFS categorized
by both anatomic and prognostic staging, are de-
tailed in Table 3.

According to the anatomic staging, patients
in stage IITA had significantly higher OS rates
than those in stages IIIB and IIIC (p< 0.009 and
p<0.001, respectively). However, there was no sig-
nificant difference between patients in stages 11IB
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Table 3. Overall and disease-free survival rates by anatomic and prognostic staging (AJCC 8th edition)
5-year Overall 5-year Disease- 10-year Overall 10-year Disease-
survival (%) free survival (%) survival (%) free survival (%)
Anatomic stage
Stage IlIA 88 78 74 67
Stage IIB 82 65 52 49
Stage IlIC 74 69 56 53
Prognostic stage
Stage IB 96 83 79 74
Stage IIA 95 85 81 76
Stage IIB 89 90 89 90
Stage IlIIA 83 71 65 53
Stage IIB 7 68 59 53
Stage IlIC 68 70 51 64

and IIIC. Regarding DFS, patients in anatomic
stage IITA had significantly better survival rates
than those in anatomic stage IIIC (p= 0.01). DFS
rates did not significantly differ between patients
with stage IIIB and IIIC cancer. Patients who have
anatomic stage IIIA cancer have better distant me-
tastasis-free survival rates compared to those with
stage IIIB and stage IIIC (p= 0.009 and p= 0.007,
respectively). There was no significant difference
in outcomes between patients with stage IIIB and
stage ITIC cancer.

Survival Outcomes according to prognostic staging

Patients classified as stage IIA according to prog-
nostic staging had significantly better OS com-
pared to those in stages IIIA, IIIB, and IIIC (p <
0.001, for each). No statistically significant differ-
ence was observed between other prognostic stage
groups. Patients with prognostic stage ITA had su-
perior disease-free survival compared to those in
stages IITA and IIIB (p= 0.03, p< 0.01, respective-
ly). Furthermore, stage ITA patients also showed
better distant metastasis-free survival rates com-
pared to patients in stages IITA and IIIB (p= 0.04
and p=0.01, respectively).

Survival Outcomes According to Molecular Sub-
groups

The study also examined the survival outcomes
based on different molecular subgroups. The re-
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sults showed that anatomic and prognostic staging
significantly impacted the OS of patients with Lu-
minal A tumors (p= 0.008 and p= 0.001, respec-
tively). Notably, in this subgroup, DFS showed a
significant association with prognostic staging but
not with anatomic staging (p=0.028 and p=0.093,
respectively). In the Luminal B molecular subtype,
the anatomic staging significantly affected OS and
DFS (p=0.001 and p= 0.019, respectively). How-
ever, the prognostic staging did not significantly
impact any survival parameter in this group. For
patients with TNBC neither OS nor DFS varied
significantly between anatomic and prognostic
staging. Similarly, among those with HER2-en-
riched tumors, no significant difference between
the two staging, indicating that the reclassification
did not alter survival outcomes in these subgroups.

DISCUSSION

Although the reduced the incidence of locally ad-
vanced breast cancer, it remains associated with
poorer prognosis compared to the early stage breast
cancer.”’ The 15-year overall survival rate for stage
IITA breast cancer patients was 50%, while it was
23% for those with stage ITIB disease.? In a study of
2137 patients with stage III breast cancer, 10-year
overall survival rates were 65.1% for stage IIIA,
41.2% for stage I1IB, and 26.7% for stage IIIC.%
Regarding survival rates of locally advanced breast
cancer, Yang et al. reported that the 5-year OS rates
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among patients with stage IIIC breast cancer dif-
fer significantly between anatomic and prognostic
staging, with survival rates of 63.5% and 50%, re-
spectively. In our cohort anatomic stage IIIC had
OS rate of 74% while, prognostic stage IIIC had
68%. These findings underscore the potential util-
ity of guiding treatment decisions on this group of
patients with relatively worse survival rates, as it
provides a more on spot assessment compared to
traditional anatomic staging.

In a restaging analysis of the SEER database, over
10,000 cases of locally advanced breast cancer
were examined, revealing that 33% of patients
were downstaged and 41% were upstaged upon re-
evaluation.’ Similar to our findings upstaging was
predominantly observed in the triple-negative sub-
group, whereas downstaging was more frequently
seen in the hormone receptor-positive group.’' In
anatomical staging, there were significant differ-
ences in survival outcomes between stage IIIA and
IIIB, as well as between IIIA and IIIC. Although,
no significant difference was observed between
anatomic stages II1IB and IIIC. prognostic staging
revealed a significant difference between these two
stages.’ Our results were consistent with these
findings.

After the introduction of the new prognostic stag-
ing system, a validation study involving 3,327 pa-
tients with stage I-IIIC breast cancer from the MD
Anderson Cancer Center and 57,466 patients with
stage I-IV breast cancer from the California Can-
cer Center demonstrated that the prognostic stag-
ing system has a higher c-index, indicating a more
accurate predictive model compared to traditional
staging methods.* Furthermore, the Cox propor-
tional hazards model showed that the clinical prog-
nostic stage exhibited significantly greater discrim-
inatory power than the anatomic stage.*® Notably,
pairwise comparisons revealed that this improve-
ment was especially pronounced in patients with
clinical prognostic stage I and stage III disease,
indicating a more precise prediction of outcomes
in these specific groups.*?

The superiority of prognostic staging system in
predicting breast cancer prognosis has been repeat-

edly confirmed in various studies encompassing
different patient subgroups.***° This staging sys-
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tem better reflects outcomes across various mo-
lecular subtypes and supports the development of
tailored treatment plans, leading to improved cost-
effectiveness.”*! Additionally, the multivariate
analysis of SEER database cases with LABC con-
firmed that prognostic staging serves as an inde-
pendent prognostic indicator, alongside other treat-
ment variables (including breast surgery, lymph
node dissection, chemotherapy, and radiotherapy)
and patient-related factors (such as race and mari-
tal status).’!

Looking at molecular subtypes, triple-negative
breast cancer (TNBC) is known for predominantly
affecting younger patients and having poorer sur-
vival outcomes compared to other subtypes.*? In
a large cohort analysis of TNBC cases using the
SEER database, more than half of the patients were
upstaged when reclassified based on prognostic
staging.*® In accordance with our findings, survival
analyses did not reveal a significant difference be-
tween anatomic and prognostic staging systems
in TNBC.* Similarly, other studies focusing on
TNBC patients found that prognostic staging did
not show significant differences, highlighting the
need for additional molecular or genetic markers
to improve prognostic stratification, which has not
yet been adequately addressed.

Luminal A breast cancer is characterized by its fa-
vorable prognosis and responsiveness to endocrine
therapies due to hormone receptor positivity.* A
study investigating prognostic staging particularly
in this group, found that among the cases that are
reassigned, 170 of 175 were downstaged, while
only 5 cases were upstaged.* Although no signifi-
cant differences in 5-year OS were found between
anatomic stage groups, prognostic staging was
able to demonstrate such differences.* The pre-
sent study also highlights the ability of prognostic
staging to reveal distinct outcomes in Luminal A
tumors.

Investigating Luminal B breast cancer, when pa-
tients initially classified as anatomic Stage III were
reassigned to prognostic Stage II or III, those re-
classified as prognostic Stage II demonstrated
significantly better survival outcomes (DFS and
OS) compared to those reclassified as prognostic
Stage II1.* However, this survival difference was
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not demonstrated for patients who were reassigned
from anatomic Stage I or IL.* Our results align
with these findings as prognostic staging did not
reveal any significant survival differences, whereas
anatomic staging showed significant variations in
survival outcomes for different stages of Lumi-
nal B patients. In another study, Luminal B-like
(HER2) patients initially classified as anatomic
Stage III were reassigned to prognostic Stage II or
III. Those reassigned to Stage II had significantly
better 5-year disease-specific survival (DSS) and
0S.* Among patients reassigned from anatomic
Stage II, significant differences were found in DSS
but not OS, while no significant differences were
observed in those reassigned from anatomic Stage
1.*” This corroborates our findings, as patients in
our cohort reassigned from stage I1I to lower stages
exhibited better survival.

To better identify the patient subgroup that would
benefit the most from prognostic staging, a retro-
spective study examined its significance in patients
with internal mammary lymph node metastases
(cN3b; anatomic stage ITIIC).*®* The study found
that 61% of patients were downstaged when prog-
nostic staging was applied. Furthermore, those
downstaged to prognostic stage IITA or IIIB dem-
onstrated higher survival rates than those who re-
mained in stage ITIC.*

Limitations of the study

The main limitations of this study include its ret-
rospective design, which may introduce bias due
to incomplete or inconsistent data, and the use of
single-institution data, limiting the generalizability
of the findings to other populations or clinical set-
tings.

Conclusion

Our study holds value as it represents the results
focusing exclusively on patients with locally ad-
vanced breast cancer who received adjuvant ra-
diotherapy. The findings of the study confirm the
hypothesis that the AJCC 8th edition’s prognostic
staging system provides more accurate patient strat-
ification compared to traditional anatomic staging,
especially in ER/PR-positive and HER2-negative
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tumors while its benefits are less pronounced in
the triple-negative breast cancer subgroup. This
aligns with previous research, such as the SEER
data analysis, which demonstrated that prognostic
staging significantly alters survival predictions. By
integrating molecular biomarkers, prognostic stag-
ing offers a more personalized approach to treat-
ment, optimizing therapeutic interventions and
improving outcomes for LABC. As survival rates
continue to improve, the need for precise prognosis
prediction becomes critical for effective treatment
planning. Integrating advanced tools, such as ra-
dio-genomics, may further enhance prognostic ac-
curacy, helping to refine personalized care in breast
cancer management.
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