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Simple Summary: This study is the first to confirm that the clinical prognostic stage in the American
Joint Committee on Cancer (AJCC) 8th edition provides a more accurate prognostication for
inflammatory breast cancer than the traditional anatomic stage. It indicated that incorporating
biological factors into the traditional staging system provides more accurate inflammatory breast
cancer (IBC) prognosis stratification than does the tumor size (T) and presence of lymph node
involvement (N) and distant metastasis (M) (TNM) staging system. Our results show that the AJCC
prognostic staging system is optimal for prognostication in IBC.

Abstract: The AJCC updated its breast cancer staging system to incorporate biological factors
in the “prognostic stage”. We undertook this study to validate the prognostic and anatomic
stages for inflammatory breast cancer (IBC). We established two cohorts of IBC diagnosed without
distant metastasis: (1) patients treated at The University of Texas MD Anderson Cancer Center
between 1991 and 2017 (MDA cohort) and (2) patients registered in the national Surveillance,
Epidemiology, and End Results (SEER) database between 2010 and 2015 (SEER cohort). For prognostic
staging, estrogen receptor (ER)+/progesterone receptor (PR)+/ human epidermal growth factor
receptor-2 (HER2)+/grade 1–2 was staged as IIIA; ER+/PR−/HER2−/grade 3, ER−/PR+/HER2−/grade 3,
and triple-negative cancers as IIIC; and all others as IIIB. Endpoints were breast cancer-specific
survival (BCSS), overall survival (OS), and disease-free survival (DFS). We studied 885 patients in the
MDA cohort and 338 in the SEER cohort. In the MDA cohort, the prognostic stage showed significant
predictive power for BCSS, OS, and DFS (all p < 0.0001), although the anatomic stage did not. In both
cohorts, the Harrell concordance index (C index) was significantly higher in the prognostic stage than
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the anatomic stage for all endpoints. In conclusion, the prognostic stage provided more accurate
prognostication for IBC than the anatomic stage. Our results show that the prognostic staging is
applicable in IBC.

Keywords: inflammatory breast cancer; the American Joint Committee on Cancer; staging; anatomic
stage; prognostic stage

1. Introduction

The central role of a cancer staging system is to predict patients’ survival. The standard cancer
staging system is the American Joint Committee on Cancer (AJCC) staging system, which assigns
stage based on tumor size (T) and the presence of lymph node involvement (N) and distant metastasis
(M). However, this traditional TNM staging system is insufficient for predicting breast cancer
patients’ survival because it omits important biological factors, such as hormone receptor (HR)
and human epidermal growth factor receptor-2 (HER2) status, which have significant impact on
survival. Thus, the AJCC recently updated its breast cancer staging system by including a “prognostic
stage” that accounts for biological factors.

The updated AJCC Cancer Staging Manual, 8th edition [1], includes anatomic and prognostic
staging. The anatomic stage is the traditional staging system defined by TNM categories. The prognostic
stage is based on TNM categories and four biological factors: tumor grade, estrogen receptor (ER),
progesterone receptor (PR), and HER2 status. The prognostic stage, developed using data from patients
registered in the National Cancer Database and treated between 2010 and 2011 [1,2], has been validated
and proven to have survival prediction power in breast cancer [3–5].

Inflammatory breast cancer (IBC), an extremely aggressive breast cancer subgroup, is clinically
defined as diffuse erythema and edema of the breast in the presence of pathologic evidence of
breast cancer [1,6]. IBC patients’ prognosis is poor, and prognostic markers are controversial [7,8].
The traditional anatomic staging system assigns non-metastatic IBC as stage IIIB (for N0-2 nodal status)
or IIIC (for N3), whereas the prognostic staging system assigns stages IIIA-C according to biological
factors, not nodal status [1]. Neither staging system has been validated in IBC, which was excluded
from previous validation studies because of its unique pathologic nature. Therefore, it is critical to
validate the staging systems for IBC.

The purpose of this study was to validate the prognostic predictive power of the AJCC’s prognostic
and anatomic stages for IBC using two independent, large-population databases. To quantify the
staging system’s predictive power, we applied the Harrell concordance index (C index). A higher C
index value indicated better predictive power of the staging system.

2. Results

2.1. Patient and Staging Characteristics

We identified 1045 patients with non-metastatic IBC treated between January 1991 and January 2017
in our institutional database; 160 (15.3%) were excluded because of incomplete staging records, leaving
885 patients eligible for the MDA cohort. Patient characteristics are shown in Table 1. The anatomic
stage was IIIB in 662 patients (74.8%) and IIIC in 223 patients (25.2%). The prognostic stage was IIIA
in 21 patients (2.4%), IIIB in 524 patients (59.2%), and IIIC in 340 patients (38.4%). Compared with
the anatomic stage, the prognostic stage upstaged 248 patients (28.0%) and downstaged 146 (16.5%).
Within the MDA cohort, 140 patients (15.8%) went down one stage (from IIIB to IIIA or IIIC to IIIB)
and 6 (0.7%) went down two stages (from IIIC to IIIA).
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Table 1. Patient characteristics.

Characteristics
MDA Cohort (n = 885) SEER Cohort (n = 338)

No. % No. %

Age at diagnosis in years
Median (range) 50 (19–96) 57 (25–93)

<40 161 18.2 34 10.1
40–49 255 28.8 60 17.8
50–59 299 33.8 104 30.8
60–69 132 14.9 78 23.1
≥70 38 4.3 62 18.3

Race
White 679 76.7 279 82.5
Black 78 8.8 33 9.8
Other 128 14.5 26 7.7

Tumor grade
1 8 0.9 9 2.7
2 183 20.7 105 31.1
3 694 78.4 224 66.3

ER status
Positive 418 47.2 185 54.7

Negative 467 52.8 153 45.3

PR status
Positive 306 34.6 145 42.9

Negative 579 65.4 193 57.1

HER2 status
Positive 325 36.7 128 37.9

Negative 560 63.3 210 62.1

Subtype
HR+/HER2− 311 35.1 127 37.6
HR+/HER2+ 137 15.5 70 20.7
HR−/HER2+ 188 21.2 58 17.2
HR−/HER2− 249 28.1 83 24.6

Lymph node stage
N0 136 15.4 58 17.2
N1 436 49.3 140 41.4
N2 86 9.7 73 21.6
N3 227 25.6 67 19.8

AJCC anatomic stage *
IIIB 662 74.8 271 80.2
IIIC 223 25.2 67 19.8

AJCC prognostic stage *
IIIA 21 2.4 16 4.7
IIIB 524 59.2 216 63.9
IIIC 340 38.4 106 31.4

Chemotherapy
Yes 863 97.5 Not known

Neoadjuvant 834 94.3 Not known
Adjuvant 29 3.3 Not known

No 22 2.5 Not known

Radiation therapy
Yes 736 83.2 Not known
No 149 16.8 Not known

Treatment
Chemotherapy + surgery + radiation 724 81.8 Not known

Chemotherapy + surgery 139 15.7 Not known
Surgery + radiation 12 1.4 Not known

Surgery alone 10 1.1 Not known

* Stages were determined on the basis of the AJCC Cancer Staging Manual, 8th edition. Abbreviations: AJCC,
American Joint Committee on Cancer; ER, estrogen receptor; HER2, human epidermal growth factor receptor-2;
N, node; PR, progesterone receptor.
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In the SEER database, we identified 601 patients with non-metastatic IBC registered between 2010
and 2015. We excluded 263 patients (43.8%) with incomplete staging records, leaving 338 patients
eligible for the SEER cohort. The anatomic stage was IIIB in 271 patients (80.2%) and IIIC in 67 patients
(19.8%). The prognostic stage was IIIA in 16 patients (4.7%), IIIB in 216 patients (63.9%), and IIIC in
106 patients (31.4%). Compared with the anatomic stage, the prognostic stage upstaged 84 patients
(24.9%) and downstaged 58 (17.2%). Within the SEER cohort, 55 patients (16.3%) went down one stage
and 3 (0.9%) went down two stages.

2.2. Survival Analysis

The median length of follow-up was 6.7 years (95%CI, 6.3–7.2) for the MDA cohort and 3.3 years
(95%CI, 3.0–3.7) for the SEER cohort using reverse Kaplan-Meier methods. In the MDA cohort,
464 deaths (52.4%) were observed, including 425 patients (48.0%) who died of breast cancer. In the
SEER cohort, 90 deaths (26.6%) were observed, including 61 patients (18.0%) who died of breast cancer.

Figure 1 shows survival outcomes in the MDA cohort by anatomic and prognostic stages. By the
anatomic stage, no statistically significant differences were observed for BCSS, OS, and DFS (Figure 1A).
In contrast, by prognostic stage, there were significant differences for all endpoints (Figure 1B).
The hazard ratio for prognostic stage IIIC vs. IIIB was 2.35 for BCSS (95% CI, 1.94–2.84; p < 0.0001),
2.32 for OS (95% CI, 1.93–2.79; p < 0.0001), and 1.84 for DFS (95% CI, 1.55–2.20; p < 0.0001). The C
index was significantly higher in the prognostic stage than the anatomic stage for BCSS (0.643 vs. 0.526,
p < 0.0001), OS (0.641 vs. 0.533, p < 0.0001), and DFS (0.599 vs. 0.494, p < 0.0001). Stage IIIA patients
had the best survival rates with the 5-year BCSS of 83%. However, the significance of the difference
between prognostic stages IIIA and IIB could not be determined because, with only 21 stage IIIA
patients, statistical power was insufficient.

Figure 2 shows survival outcomes in the SEER cohort by anatomic and prognostic stages.
Statistically significant difference was observed in BCSS and OS by anatomic stage (Figure 2A).
The hazard ratio for anatomic stage IIIC vs. IIIB was 1.80 for BCSS (95% CI, 1.04–3.12; p = 0.04) and 1.97
for OS (95% CI, 1.26–3.07; p = 0.003). The survival differences between IIIB and IIIC appeared more
prominent with the prognostic stage than with the anatomic stage (Figure 2B). The hazard ratio for
prognostic stage IIIC vs. IIIB was 3.60 for BCSS (95% CI, 2.16–6.00; p < 0.0001) and 3.26 for OS (95% CI,
2.14–4.94; p < 0.0001). The C index was significantly higher in the prognostic stage than it was in the
anatomic stage for BCSS (0.685 vs. 0.550, p = 0.0028) and OS (0.681 vs. 0.557, p = 0.0008). As in the
MDA cohort, stage IIIA patients had the best survival rates, and no events were observed in this group.

In both cohorts, prognostic stage IIIC had the worst prognosis. It consisted of three
subpopulations: (1) ER+/PR−/HER2−/grade 3 (n = 71 in the MDA cohort, 19 in the SEER cohort);
(2) ER−/PR+/HER2−/grade 3 (n = 20 in the MDA cohort, 4 in the SEER cohort); and (3) triple-negative
(n = 249 in the MDA cohort, 83 in the SEER cohort). Of these subpopulations, triple-negative IBC is
known to have the worst prognosis, but the prognosis for the other two subgroups is not well known.
To determine whether all three subpopulations were valid for prognostic stage IIIC, we compared the
survival data of the prognostic stage IIIC subpopulations to those for prognostic stage IIIB. Figures 3
and 4 show the BCSS and OS results, respectively. The prognoses for ER+/PR−/HER2−/grade 3
and ER−/PR+/HER2−/grade 3 were better than that for triple-negative IBC and worse than that for
prognostic stage IIIB. The hazard ratio for ER+/PR−/HER2−/grade 3 vs. prognostic stage IIIB was
1.84 for BCSS (95% CI, 1.30–2.61; p = 0.0010) and 1.93 for OS (95% CI, 1.40–2.67; p < 0.0001) in the MDA
cohort, and 2.36 for BCSS (95% CI, 0.90–6.18; p = 0.080) and 2.72 for OS (95% CI, 1.32–5.61, p = 0.007)
in the SEER cohort. The hazard ratio for ER−/PR+/HER2−/grade 3 vs. prognostic stage IIIB was 0.94
for BCSS (95% CI, 0.48–1.85; p = 0.87) and 1.03 for OS (95% CI, 0.56–1.89, p = 0.93) in the MDA cohort,
and 2.32 for BCSS (95% CI, 0.31–17.14; p = 0.41) and 1.52 for OS (95% CI, 0.21–11.1; p = 0.68) in the
SEER cohort.
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of Texas MD Anderson Cancer Center (MDA cohort). (A) Survival analysis by anatomic stage for 
BCSS, OS, and DFS. No statistically significant differences were observed. (B) Survival analysis by 
prognostic stage for BCSS, OS, and DFS. There were significant differences for all endpoints. BCSS, 
breast cancer-specific survival; DFS, disease free survival; HR, hazard ratio; OS, overall survival. 
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Figure 1. Kaplan-Meier survival plots demonstrating the association between the anatomic/prognostic
staging systems and survival outcomes in the patients treated at The University of Texas MD Anderson
Cancer Center (MDA cohort). (A) Survival analysis by anatomic stage for BCSS, OS, and DFS.
No statistically significant differences were observed. (B) Survival analysis by prognostic stage for
BCSS, OS, and DFS. There were significant differences for all endpoints. BCSS, breast cancer-specific
survival; DFS, disease free survival; HR, hazard ratio; OS, overall survival.
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Figure 2. Kaplan–Meier survival plots demonstrating the association between the anatomic/prognostic
staging systems and survival outcomes in patients registered in the national Surveillance, Epidemiology,
and End Results (SEER) database (SEER cohort). (A) Survival analysis by anatomic stage for BCSS
and OS. Statistically significant differences were observed in BCSS and OS. (B) Survival analysis by
prognostic stage for BCSS and OS. Significant differences between IIIB and IIIC were more prominent
with prognostic stage than with anatomic stage. BCSS, breast cancer-specific survival; HR, hazard ratio;
OS, overall survival.
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Figure 3. Survival analysis of prognostic stage IIIB and subgroups of prognostic stage IIIC for
BCSS in the (A) MDA cohort and the (B) SEER cohort. The BCSS for ER+/PR−/HER2−/grade 3 and
ER−/PR+/HER2−/grade 3 was better than that for triple-negative IBC and worse than that for prognostic
stage IIIB in both cohorts. Abbreviations: BCSS, breast cancer-specific survival; ER, estrogen receptor;
HER2, human epidermal growth factor receptor 2; PR, progesterone receptor.
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Figure 4. Survival analysis of prognostic stage IIIB and subgroups of prognostic stage IIIC for
OS in the (A) MDA cohort and the (B) SEER cohort. The OS for ER+/PR−/HER2−/grade 3 and
ER−/PR+/HER2−/grade 3 was better than that for triple-negative IBC and worse than that for prognostic
stage IIIB in both cohorts. Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor
receptor 2; OS, overall survival; PR, progesterone receptor.

3. Discussion

This study investigated the survival predictive power of the IBC clinical prognostic and anatomic
stages in the AJCC’s 8th edition staging system. Our study is the first to confirm that the prognostic stage
provides a more accurate prognostication for IBC than the anatomic stage in both a single-institution
cohort and a national registry. The results indicated that incorporating biological factors into the
traditional staging system provides more accurate IBC prognosis stratification than does the TNM
staging system.

For IBC, the AJCC’s anatomic staging stratifies only patients with N3 status as stage IIIC. All other
patients with non-metastatic IBC are staged as IIIB. The AJCC defines clinical N3 as metastasis in
(1) one or more ipsilateral infraclavicular lymph nodes or ipsilateral supraclavicular lymph nodes,
or (2) clinically detected ipsilateral internal mammary lymph nodes and clinically evident axillary
lymph nodes [1]. Although N3 status is generally a poor prognostic factor for non-IBC breast
cancer, no previous studies have validated the impact of N3 status on IBC prognosis. In this study,
we demonstrated that anatomic stage was statistically significant for IBC prognosis in the SEER cohort,
but not the MDA cohort. This result implies that metastasis in infra-/supraclavicular or internal
mammary lymph nodes is unclear as an IBC prognostic factor.

The new prognostic stage provides three staging groups, IIIA–IIIC, on the basis of biological
factors. Prognostic stage IIIA includes ER+/PR+/HER2+/grade 1–2 cancers. One notable observation
in the present study was the good prognosis for stage IIIA, even though there were no significant
differences in survival outcomes between stage IIIA and other stages due to stage IIIA’s small sample
size. We found no breast cancer-specific deaths for stage IIIA in the SEER cohort. Most of the
four previous studies comparing survival in HR+ (ER+ and/or PR+)/HER2+ vs. other subtypes have
demonstrated that the HR+/HER2+ subtype has the best survival outcomes, but these studies did
not have sufficient statistical power to demonstrate significant differences [9–12]. These results were
compatible with ours.

In our study, prognostic stage IIIC, which included (1) ER+/PR−/HER2−/grade 3,
(2) ER−/PR+/HER2−/grade 3, and (3) triple-negative IBC, had significantly worse prognoses than
other stages in both cohorts. Six previous studies investigating the relationship between subtypes and
survival outcomes in IBC have reported that triple-negative IBC has the worst survival outcomes [9–14].
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These studies supported our findings that IBC’s prognostic stage IIIC has a poor prognosis because the
triple-negative type is the major component of prognostic stage IIIC. However, an important question
is whether the ER+/PR−/HER2−/grade 3 and ER−/PR+/HER2−/grade 3 subpopulations actually have
poor prognoses and should be included in prognostic stage IIIC. In our current study, the survival
curves for these two subpopulations were between those for the triple-negative type and stage IIIB
(Figures 3 and 4). Therefore, we consider it appropriate to include these subpopulations in prognostic
stage IIIC.

It is important to note that, between the cohorts, there were three major differences in characteristics
that might have influenced the survival outcomes. First, the median follow-up duration was 6.7 years
for the MDA cohort and 3.3 years for the SEER cohort. Second, we enrolled patients treated between
1991 and 2017 for the MDA cohort and between 2010 and 2015 for the SEER cohort because the SEER
database did not include HER2 status before 2010. This difference in timeframe might have created
discrepancies in patients’ treatment regimens, especially regarding anti-HER2 therapy. However,
we could not compare treatment details because the SEER database lacks treatment information.
Third, 82% of MDA cohort patients received trimodality therapy (chemotherapy, surgery, and radiation
therapy), but we do not have such information for the SEER cohort. We have previously reported
that only 60–70% of IBC patients in the National Cancer Database received trimodality therapy and
that its underutilization negatively affected IBC patients’ survival [15]. Therefore, whether or not
patients received trimodality therapy could have been a confounding factor for survival outcomes.
Overall, these three differences in patient characteristics may account for the discrepancy between the
two cohorts in whether the anatomic stage stratified survival outcomes with statistical significance.
Notably, despite these differences, the prognostic stage showed its prognostic power in both cohorts.

This is the first study to validate the current AJCC staging system for patients with IBC. Even the
traditional anatomic stage has never been validated for its survival predictive power in IBC. This study
is the first to question the usefulness of the anatomic stage and to show the significant survival predictive
power of the prognostic stage in IBC. Another strength of our study is that we had two independent,
large cohorts, which is unusual because IBC is rare and large IBC databases are very limited. Our large
cohorts enabled us to lessen bias and validate the staging system with greater accuracy.

Several limitations of this study should be acknowledged. First, because of the retrospective
nature of the study, the treatment histories were varied among patients. Second, information on
systemic therapy, including the administration of trastuzumab, was unavailable for the SEER cohort.
Third, although the overall sample size was large, the number of patients in some staging groups, such as
stage IIIA, was too small for analysis, resulting in limited statistical power. Fourth, follow-up duration in
the SEER cohort was limited relative to the long natural history of breast cancer. Fifth, while diagnostic
criteria of IBC were unified in the MDA cohort, the criteria might not be consistent in the SEER
cohort. Some of these limitations could not be avoided because IBC is a rare disease and existing
large-population databases are very limited. Despite these limitations, our study demonstrated the
clinical significance of the current staging system in IBC.

Although our results showed that the prognostic stage is useful for IBC, the IBC staging system
still has room for improvement. Because the prognostic stage was created using data from non-IBC
patients, the staging design is not as well modeled for IBC. For example, the prognostic stage for
IBC is defined only by biological factors and excludes lymph node status. Since aggressiveness and
prognosis are distinct in IBC compared with non-IBC, a better staging system based on IBC data should
be investigated.

4. Materials and Methods

4.1. Study Design and Data Source

This retrospective study sought to validate the AJCC’s staging systems for inflammatory breast
cancer (IBC) patients using two IBC patient cohorts: one from The University of Texas MD Anderson
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Cancer Center (MDA cohort) and the other from the national Surveillance, Epidemiology, and End
Results (SEER) database (SEER cohort).

For the MDA cohort, we identified consecutive IBC patients who had had their initial definitive
surgery at our institution from January 1991 to January 2017. We selected patients evaluated at
diagnosis, with confirmed IBC, and with documented follow-up data for survival. At MD Anderson
Cancer Center, a multidisciplinary panel diagnosed IBC based on the diagnostic criteria described in
the expert panel consensus statement [6].For the SEER cohort, we identified patients with IBC who were
registered in the SEER database from 2010 (when SEER began recording HER2 status) to 2015 (the latest
year in the database at the time of this study). We extracted all IBC cases in the SEER database using
the histology code for inflammatory carcinoma (8530) from the International Classification of Diseases
for Oncology, 3rd edition (ICD-O-3) [16]. For both cohorts, we selected cases with documented tumor
grade, ER, PR, HER2, and vital status.

We excluded from both datasets: (1) Patients with stage IV disease; (2) patients who did not receive
definitive surgery for IBC; (3) patients with secondary IBC (any IBC occurring after non-IBC presentation
or noted as “secondary IBC” in the medical record) and/or suspected non-IBC; and/or (4) patients with
incomplete records regarding clinical and pathological characteristics.

The institutional review board approved this study (protocol number PA18-0455). Informed
consent was waived for this retrospective analysis.

4.2. Data Collection

Data evaluated included age at diagnosis; TNM categories; ER, PR, and HER2 status; histological
subtype; tumor grade; cause-specific death classification; survival months; and vital status.
Chemotherapy and radiotherapy data in the SEER database were not detailed enough to be assessed.
For the MDA cohort, ER status was determined by immunohistochemistry and defined as positive with
a cutoff of 10% before 2010 and 1% after 2010, when the American Society of Clinical Oncology/College
of American Pathologists (ASCO/CAP) guideline changed [17]. HER2 status was defined as positive if
scored as 3+ on immunohistochemistry or if fluorescence in situ hybridization demonstrated gene
amplification, according to the ASCO/CAP guidelines [18]. In the SEER database, ER status has been
traditionally categorized as positive (≥10% stained cells), negative (no stained cells), or borderline
(1–9% stained cells) [19]. In this study, we counted borderline ER status as positive because the recent
ASCO/CAP guideline listed 1% as the positive cutoff value. For tumor grades, grades 1, 2, and 3
corresponded to well, moderately, and poorly/undifferentiated tumors, respectively.

The anatomic and prognostic stages were determined according to the AJCC Cancer Staging
Manual, 8th edition [1]. We used the clinical stage determined prior to preoperative treatment because
most patients received neoadjuvant chemotherapy. For the anatomic stage, all IBC patients were
classified as T4d; those with N0-2 disease were staged as IIIB, and those with N3 disease were staged
as IIIC. For prognostic stage, ER+/PR+/HER2+/grade 1–2 was staged as IIIA; ER+/PR−/HER2−/grade 3,
ER−/PR+/HER2−/grade 3, and triple-negative cancers were staged as IIIC; and all others were staged
as IIIB.

4.3. Survival Analysis

The survival endpoints in this study were breast cancer-specific survival (BCSS), overall survival
(OS), and disease-free survival (DFS). BCSS and OS were assessed in both cohorts. DFS was assessed
only in the MDA cohort because cancer recurrence data were unavailable in the SEER database.
All survival data were calculated from the date of diagnosis. The follow-up cutoff dates were
8 August 2018, for the MDA cohort, and 31 December 2015, for the SEER cohort. Any patient alive
at those dates was censored at those times in survival analysis. For the BCSS analysis, patients who
died from a cause other than breast cancer were censored on the date of death. The differences in
each endpoint between staging groups were statistically compared according to the prognostic and
anatomic staging systems.
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4.4. Statistical Considerations

The log-rank test was used to compare differences in endpoints between staging groups.
The Harrell concordance index (C index) was used to quantify the staging models’ predictive
performance. The C index measured the goodness of fit for binary outcomes in a logistic regression
model. It gave the probability that a randomly selected patient who experienced an event had a
higher risk score than a patient who had not experienced the event. A value below 0.5 indicated a
very poor model and a value of 0.5 meant that the model was no better at predicting an outcome than
random chance. A higher C index value indicated a better predictive performance. The hazard ratio
was used to calculate the discrimination between staging groups. A larger hazard ratio indicated
further distance between survival curves, and its p-value reflected the statistical significance of this
distance. A p-value of less than 0.05 was considered statistically significant. All statistical analyses were
performed using SPSS Statistics for Windows, Version 24.0 (released 2016; IBM Corp., Armonk, NY,
USA) except competing risk analysis for BCSS using R Version 3.3.2.

5. Conclusions

In conclusion, the AJCC’s 8th edition provided more accurate prognostication for the clinical
prognostic stage than the anatomic stage in two independent databases of IBC patients. This suggests
that incorporating biological factors into the traditional staging system provided accurate prognostic
information. The clinical prognostic stage could be used in daily clinical practice for patients with
IBC and to design clinical trials categorizing patients according to risk. Because there is still room for
improvement in the IBC staging system, we plan to create a new IBC-specific model based on these
study results.

Author Contributions: Conceptualization, N.T.U. and K.K.; methodology, N.T.U., K.K., K.R.H.; software, K.R.H.
and K.K.; validation, K.R.H. and K.K.; formal analysis, K.R.H. and K.K.; investigation, K.K.; resources, K.K.; data
curation, K.K.; writing—original draft preparation, K.K.; writing—review and editing, K.K., N.T.U., B.L., T.I., S.C.,
V.V., A.L., H.C.L.-P., W.A.W., S.K., G.N.H., D.T.; visualization, K.K.; supervision, N.T.U.; project administration,
K.K.; funding acquisition, N.T.U. All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by the Morgan Welch Inflammatory Breast Cancer Research Program,
State of Texas Rare and Aggressive Breast Cancer Research Program Grant, and NIH/NCI grant P30 CA016672
(Cancer Center Support Grant—Bioinformatics Shared Resource, Sequencing and Microarray Facility).

Acknowledgments: We would like to thank Laura L. Russell (Department of Scientific Publications, MD Anderson
Cancer Center) for her help in editing this article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Hortobagyi, G.N.; Connolly, J.L.; Edge, S.B. AJCC Cancer Staging Manual, 8th ed.; Springer International
Publishing: New York, NY, USA, 2016.

2. Weiss, A.; Chavez-MacGregor, M.; Lichtensztajn, D.Y.; Yi, M.; Tadros, A.; Hortobagyi, G.N.; Giordano, S.H.;
Hunt, K.K.; Mittendorf, E.A. Validation Study of the American Joint Committee on Cancer Eighth Edition
Prognostic Stage Compared with the Anatomic Stage in Breast Cancer. JAMA Oncol. 2018, 4, 203–209.
[CrossRef] [PubMed]

3. Rahman, O. Validation of the 8th AJCC prognostic staging system for breast cancer in a population-based
setting. Breast Cancer Res. Treat. 2018, 168, 269–275. [CrossRef] [PubMed]

4. Zhou, B.; Xu, L.; Ye, J.; Xin, L.; Duan, X.; Liu, Y. The Prognostic Value of the 8th Edition of the American Joint
Committee on Cancer (AJCC) Staging System in HER2- Enriched Subtype Breast Cancer, a Retrospective
Analysis. Anticancer Res. 2017, 37, 4615–4621. [PubMed]

5. Wang, M.; Chen, H.; Wu, K.; Ding, A.; Zhang, M.; Zhang, P. Evaluation of the prognostic stage in the
8th edition of the American Joint Committee on Cancer in locally advanced breast cancer: An analysis based
on SEER 18 database. Breast 2018, 37, 56–63. [CrossRef] [PubMed]

http://dx.doi.org/10.1001/jamaoncol.2017.4298
http://www.ncbi.nlm.nih.gov/pubmed/29222540
http://dx.doi.org/10.1007/s10549-017-4577-x
http://www.ncbi.nlm.nih.gov/pubmed/29143220
http://www.ncbi.nlm.nih.gov/pubmed/28739761
http://dx.doi.org/10.1016/j.breast.2017.10.011
http://www.ncbi.nlm.nih.gov/pubmed/29100045


Cancers 2020, 12, 3105 11 of 11

6. Dawood, S.; Merajver, S.D.; Viens, P.; Vermeulen, P.B.; Swain, S.M.; Buchholz, T.A.; Dirix, L.Y.; Levine, P.H.;
Lucci, A.; Krishnamurthy, S.; et al. International expert panel on inflammatory breast cancer: Consensus
statement for standardized diagnosis and treatment. Ann. Oncol. 2011, 22, 515–523. [CrossRef] [PubMed]

7. Hance, K.W.; Anderson, W.F.; Devesa, S.S.; Young, H.A.; Levine, P.H. Trends in Inflammatory Breast
Carcinoma Incidence and Survival: The Surveillance, Epidemiology, and End Results Program at the
National Cancer Institute. J. Natl. Cancer Inst. 2005, 97, 966–975. [CrossRef] [PubMed]

8. Gonzalez-Angulo, A.M.; Hennessy, B.T.; Broglio, K.; Meric-Bernstam, F.; Cristofanilli, M.; Giordano, S.H.;
Buchholz, T.A.; Sahin, A.; Singletary, S.E.; Buzdar, A.U.; et al. Trends for Inflammatory Breast Cancer:
Is Survival Improving? Oncologist 2007, 12, 904–912. [CrossRef] [PubMed]

9. Masuda, H.; Brewer, T.M.; Liu, D.D.; Iwamoto, T.; Shen, Y.; Hsu, L.; Willey, J.S.; Gonzalez-Angulo, A.M.;
Chavez-MacGregor, M.; Fouad, T.M.; et al. Long-term treatment efficacy in primary inflammatory breast
cancer by hormonal receptor- and HER2-defined subtypes. Ann. Oncol. Off. J. Eur. Soc. Med. Oncol. 2014, 25,
384–391. [CrossRef] [PubMed]

10. Li, J.; Xia, Y.; Wu, Q.; Zhu, S.; Chen, C.; Yang, W.; Wei, W.; Sun, S. Outcomes of patients with inflammatory
breast cancer by hormone receptor- and HER2-defined molecular subtypes: A population-based study from
the SEER program. Oncotarget 2017, 8, 49370–49379. [CrossRef] [PubMed]

11. Li, J.; Gonzalez-Angulo, A.M.; Allen, P.K.; Yu, T.K.; Woodward, W.A.; Ueno, N.T.; Lucci, A.; Krishnamurthy, S.;
Gong, Y.; Bondy, M.L.; et al. Triple-Negative Subtype Predicts Poor Overall Survival and High Locoregional
Relapse in Inflammatory Breast Cancer. Oncologist 2011, 16, 1675–1683. [CrossRef] [PubMed]

12. Wu, S.-G.; Zhang, W.-W.; Wang, J.; Dong, Y.; Sun, J.-Y.; Chen, Y.-X.; He, Z.-Y. Inflammatory breast cancer
outcomes by breast cancer subtype: A population-based study. Future Oncol. 2019, 15, 507–516. [CrossRef]
[PubMed]

13. Çakar, B.; Sürmeli, Z.; Öner, P.G.; Yelim, E.S.; Karabulut, B.; Uslu, R. The Impact of Subtype Distribution in
Inflammatory Breast Cancer Outcome. Eur. J. Breast Heal. 2018, 14, 211–217. [CrossRef] [PubMed]

14. Zhou, J.; Yan, Y.; Guo, L.; Ou, H.; Hai, J.; Zhang, C.; Wu, Z.; Tang, L. Distinct outcomes in patients with
different molecular subtypes of inflammatory breast cancer. Saudi Med J. 2014, 35, 1324–1330. [PubMed]

15. Rueth, N.M.; Lin, H.Y.; Bedrosian, I.; Shaitelman, S.F.; Ueno, N.T.; Shen, Y.; Babiera, G. Underuse of
Trimodality Treatment Affects Survival for Patients with Inflammatory Breast Cancer: An Analysis of
Treatment and Survival Trends From the National Cancer Database. J. Clin. Oncol. 2014, 32, 2018–2024.
[CrossRef] [PubMed]

16. Fritz, A.; Jack, A.; Parkin, D.M. International Classification of Diseases for Oncology, 3rd ed.; World Health
Organization: Geneva, Switzerland, 2000.

17. Wolff, A.C.; Hammond, M.E.H.; Schwartz, J.N.; Hagerty, K.L.; Allred, D.C.; Cote, R.J.; Dowsett, M.;
Fitzgibbons, P.L.; Hanna, W.M.; Langer, A.; et al. American Society of Clinical Oncology/College Of American
Pathologists Guideline Recommendations for Immunohistochemical Testing of Estrogen and Progesterone
Receptors in Breast Cancer. J. Clin. Oncol. 2010, 28, 2784–2795.

18. Wolff, A.C.; Hammond, M.E.H.; Hicks, D.G.; Dowsett, M.; McShane, L.M.; Allison, K.H.; Allred, D.C.;
Bartlett, J.; Bilous, M.; Fitzgibbons, P.; et al. Recommendations for Human Epidermal Growth Factor Receptor
2 Testing in Breast Cancer: American Society of Clinical Oncology/College of American Pathologists Clinical
Practice Guideline Update. J. Clin. Oncol. 2013, 31, 3997–4013. [CrossRef] [PubMed]

19. Chen, T.; Zhang, N.; Moran, M.S.; Su, P.; Haffty, B.G.; Yang, Q. Borderline ER-Positive Primary Breast Cancer
Gains No Significant Survival Benefit From Endocrine Therapy: A Systematic Review and Meta-Analysis.
Clin. Breast Cancer 2018, 18, 1–8. [CrossRef] [PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1093/annonc/mdq345
http://www.ncbi.nlm.nih.gov/pubmed/20603440
http://dx.doi.org/10.1093/jnci/dji172
http://www.ncbi.nlm.nih.gov/pubmed/15998949
http://dx.doi.org/10.1634/theoncologist.12-8-904
http://www.ncbi.nlm.nih.gov/pubmed/17766649
http://dx.doi.org/10.1093/annonc/mdt525
http://www.ncbi.nlm.nih.gov/pubmed/24351399
http://dx.doi.org/10.18632/oncotarget.17217
http://www.ncbi.nlm.nih.gov/pubmed/28472761
http://dx.doi.org/10.1634/theoncologist.2011-0196
http://www.ncbi.nlm.nih.gov/pubmed/22147002
http://dx.doi.org/10.2217/fon-2018-0677
http://www.ncbi.nlm.nih.gov/pubmed/30378451
http://dx.doi.org/10.5152/ejbh.2018.4170
http://www.ncbi.nlm.nih.gov/pubmed/30288495
http://www.ncbi.nlm.nih.gov/pubmed/25399208
http://dx.doi.org/10.1200/JCO.2014.55.1978
http://www.ncbi.nlm.nih.gov/pubmed/24888808
http://dx.doi.org/10.1200/JCO.2013.50.9984
http://www.ncbi.nlm.nih.gov/pubmed/24101045
http://dx.doi.org/10.1016/j.clbc.2017.06.005
http://www.ncbi.nlm.nih.gov/pubmed/28712925
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Patient and Staging Characteristics 
	Survival Analysis 

	Discussion 
	Materials and Methods 
	Study Design and Data Source 
	Data Collection 
	Survival Analysis 
	Statistical Considerations 

	Conclusions 
	References

