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As the most aggressive breast cancer, inflammatory breast cancer (IBC) has a poor prognosis. However, ana-
lyzing the prognostic factors of IBC is challenging due to its rarity. We identified the prognostic factors to es-
tablish predictive tools for survival in nonmetastatic IBC patients who received tri-modality therapy.

The data of 893 nonmetastatic IBC patients were acquired from the Surveillance, Epidemiology, and End Results
(SEER) database. IBC was identified by “ICD-0-3=8530" or “AJCC T, 7"=T4d"). Patients were randomized to
the training (n=668) and validation (n=225) cohorts. Prognostic factors were identified in the training cohort.
Factors in the nomogram for overall survival (OS) were filtered by the least absolute shrinkage selection oper-
ator (LASSO) regression model. Factors selected by the competing-risk models were integrated to construct
nomograms for breast cancer-specific survival (BCSS). Nomogram validation was performed in both cohorts.
The number of positive lymph nodes contributed the most to both nomograms. In the validation cohort,
the C-indexes for OS and BCSS were 0.724 and 0.727, respectively. Calibration curves demonstrated accept-
able agreement between predicted and actual survival. Risk scores were calculated from the nomograms and
used to split patients into the low-risk and high-risk groups. Smooth hazard ratio (HR) curves and Kaplan-Meier
curves showed a statistically significant difference in prognosis between the high-risk group and low-risk group
(log-rank P<0.001).

We unveiled the prognostic factors of nonmetastatic IBC and formulated nomograms to predict survival. In these
models, the likelihood of individual survival can be easily calculated, which may assist clinicians in selecting
treatment regimens.

Inflammatory Breast Neoplasms ¢ Nomograms ¢ SEER Program
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Background
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Inflammatory breast cancer (IBC) has specific characteristics,
including diffuse erythema and edema, which has a peau
d’orange appearance that involves most of the breast [1]. IBC
is the most aggressive breast cancer, with a historical median
survival of less than 15 months [2,3]. The survival of IBC pa-
tients has appeared to improve due to advancements in sys-
temic therapy. At present, the guidelines for nonmetastatic
IBC management recommend neoadjuvant chemotherapy fol-
lowed by mastectomy and adjuvant radiotherapy (so-called
tri-modality therapy) [4,5]. However, the prognosis of IBC re-
mains unsatisfactory [3].

Studies have suggested that IBC differs from noninflamma-
tory breast cancer (NIBC) in clinicopathological features. For
example, more patients with IBC lack hormone receptor ex-
pression [6,7]. Since IBC accounts for only 2.5% of breast can-
cers [8], the characteristics associated with poor prognosis are
not well defined. Generally, the breast cancer molecular sub-
type is correlated with patient survival [9]; however, different
prognoses have also been observed among patients with the
same subtype. These differences may be due to other fea-
tures, such as age, race, and the number of positive lymph
nodes (LNs). To assist clinicians in assessing patient progno-
sis and selecting a treatment regimen, a survival estimation
tool is required to identify high-risk patients. Nomograms have
been reported as a predictive tool for clinical outcome. Using
a nomogram, the likelihood of individual survival can be eas-
ily calculated by adding the scores of each variable [10,11].

Studies have reported that survival in IBC patients undergo-
ing breast-conservative surgery is similar to that in patients
receiving a mastectomy [12,13]. However, these studies were
from single centers, and the small sample sizes limited the find-
ings. Thus, the relationship between surgical extent and pa-
tient prognosis remains controversial. In the present study, we
identified prognostic factors of nonmetastatic IBC based on a
relatively large cohort from the Surveillance, Epidemiology, and
End Results (SEER) database (http://seer.cancer.gov/). This da-
tabase collects data from 18 population-based registries, which
covers approximately 28% of the US population. Furthermore,
we formulated and validated nomograms to predict the sur-
vival of patients with nonmetastatic IBC.

Material and Methods

Data source and patient selection

We extracted relevant data of nonmetastatic IBC patients us-
ing SEER*Stat software version 8.3.5. IBC was identified by
“ICD-0-3=8530" or “AJCC T, 7t"=T4d".

Patients older than 20 years diagnosed with unilateral breast cancer as
the first primary tumor from 2010 to 2015, with one of the following codes:
{Site and Morphology. Histologic Type ICD-0-3}=8530
{Stage-TNM. Derived AJCCT, 7%}="T4d"

y
EE Patient with incomplete survival

data or patients survived less

than one month (n=103)

Male patients (n=11)

Patients didn't receive breast — Patients with unknown race (n=19)
cancer surgery (n=468) EE
Patients didn't receive
radiotherapy (n=501)
Patients didn't receive
chemotherapy (n=35)

Patients with unknown number of
— positive lymph nodes (n=163)

n-1@ Patients with unknown grade (n=115)
Patients with unknown ER or
ER in borderline (n=4)
Patients with unknown PR or

A PRin borderline (n=4)
"=@ Patients with unknown HER2 or
HER2 in borderline (n=4)

| 1

Validation cohort|| Training cohort
(n=225) (n=668)

Figure 1. Patient selection process.

Since information on human epidermal growth factor recep-
tor 2 (HER2) status was not recorded in the database until
2010, only patients diagnosed after 2010 were included in
this study. We restricted the search criteria to female patients
over 20 years old who had been histologically diagnosed with
unilateral breast cancer as the first primary tumor. Only pa-
tients treated with surgery, radiation therapy, and chemother-
apy were included. Patients who were diagnosed at autopsy
only, patients who survived less than 1 month, and patients
with unclear information were excluded.

Eventually, 893 patients were eligible for analysis. The patient
selection process is presented in the flow chart (Figure 1). Even
though 313 patients were excluded from analysis because of
a lack of data, patients eventually included in this study ac-
counted for approximately 75% (893/1206) of patients who
met the inclusion criteria. The following information was col-
lected: race, age, tumor laterality, grade, the number of posi-
tive LNs, estrogen receptor (ER) status, progesterone receptor
(PR) status, HER2 status, and the extent of surgery. Surgical
procedure codes 20-24 were considered to identify patients
who received a partial mastectomy, while codes 30-80 were
considered to identify patients who underwent a mastectomy.

Identification of prognostic factors in the training cohort
All patients were randomized at a 3: 1 ratio to the train-

ing (n=668) and validation (n=225) cohorts (“caret” pack-
age in R software). A chi-square analysis was performed for
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the comparisons of the clinicopathological features of the 2
cohorts. OS and BCSS were defined as the study endpoints,
and prognostic factors were identified in the training cohort.

0S was measured from the time when patients were diag-
nosed with IBC to the time of the last follow-up or the time
of deaths from any cause. The independent prognostic fac-
tors for OS were identified by Cox proportional hazards mod-
els, which were performed to evaluate the hazard ratios (HRs)
and 95% confidence intervals (Cls).

BCSS was calculated from the date when patients were diag-
nosed with IBC to the date of last follow-up or the date of death
from breast cancer. The cumulative incidences of breast cancer-
specific (BCS) deaths were calculated based on competing-risk
models, and the differences among groups were assessed us-
ing Gray’s test (“cmprsk” package in R software) [14]. In the
competing-risk regression model, deaths from non-BCS causes
were considered as competing risks.

Model construction in the training cohort

Two nomograms were constructed to predict survival in the
training cohort (“rms” package in R software) [15]. Least abso-
lute shrinkage and selection operator (LASSO) regression was
implemented to filter factors for the OS nomogram (“glmnet”
package in R software) [16]. Compared with the Cox analysis,
the main advantage of the LASSO regression model was that
the selection of important prognostic factors for the OS nomo-
gram did not depend on statistical significance. In the LASSO
regression model, variables were assigned to different penal-
ties: more important variables got smaller penalties, making
them more likely to be retained in the model, whereas unim-
portant variables received larger penalties and tended to be
discarded. Therefore, this method could select the most sig-
nificant prognostic factors to establish a model for predict-
ing survival [16-18]. Factors associated with the cumulative
incidences of BCS deaths in the competing-risk models were
used to build the BCSS nomogram. The BCSS nomogram was
also constructed based on the Cox regression model, in which
patients who died from non-BCS causes were considered as
censored.

Model validation in both cohorts

The nomograms were validated in both cohorts in 5 ways.
First, the predictive accuracy of the nomograms was validat-
ed by bootstrapping with 1000 resamples, and the discrimi-
nation was quantified using the concordance index (C-index).
Second, calibration curves were generated to plot the nomo-
gram-predicted survival and then compared with the corre-
sponding Kaplan-Meier estimates. Third, using the nomograms,
we calculated the risk score for every patient by summing the

CLINICAL RESEARCH

respective value of each factor. The predictive precision of the
risk scores as a continuous variable was evaluated by time-
dependent receiver operating characteristic (ROC) curves, and
the areas under the curves (AUCs) were used as the criterion
(“survivalROC” package in R software) [19,20]. The ROC curves
plotted the predictive sensitivity and specificity; therefore,
a larger AUC (range 0.5~1.0) reflected a more accurate predic-
tion. The cutoff value of the risk score was calculated by ROC
curves from the highest Youden index [Youden index=(speci
ficity+sensitivity)-1; true positive rate=sensitivity; false posi-
tive rate=1-specificity)]. Using the cutoff value as a reference,
the relationship of the risk score with the logarithm (in HR) of
OS or BCSS was illustrated by the smooth HR curve to dem-
onstrate the prognostic value of the risk score as a continu-
ous variable (“smooth HR” package in R software) [21]. Finally,
patients were classified in the low-risk and high-risk groups
according to the risk score. Survival curves were depicted by
the Kaplan-Meier method, and comparisons were carried out
using the log-rank test.

Statistical analysis
All statistical analyses were performed using SPSS 17.0 (SPSS,
Chicago, IL), and R software version 3.5.0. The instructions for

R packages can be found on the website of https://cran.r-proj-
ect.org. Statistical significance was defined as P<0.05.

Results

Clinicopathological features of patients and tumors

Overall, 893 patients were enrolled. Patient features are list-
ed in Table 1. We registered 181 OS events. Most tumors were
grade IlI~IV (66.7%), and most patients (96.9%) received a
mastectomy, while only 3.1% received a partial mastectomy.
There was no significant difference in the baseline characteris-
tics between the 2 cohorts (all P>0.05).

Prognostic factors for OS in the training cohort

In the univariate Cox analysis, grade, the number of positive
LNs, ER status, PR status, and HER2 status were significantly
correlated with OS. These factors were included in the mul-
tivariate analysis, which revealed that grade, the number of
positive LNs, ER status, PR status, and HER2 status were inde-
pendent prognostic factors. These results are listed in Table 2.
There was no statistically significant difference in OS between
patients who underwent partial mastectomy surgery and pa-
tients who underwent mastectomy surgery (HR=0.969, 95%
Cl, 0.397-2.369; P=0.946).
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Table 1. Characteristics of patients and tumors.

All patients Training cohort Validation cohort

P value
[\ N \'

Characteristics

Partial mastectomy 28 (3.1%) 23 (3.4%) 5 (2.2%)

ER — estrogen receptor; No. of positive LNs — number of positive lymph nodes; PR — progesterone receptor; HER2 — human epidermal
growth factor 2.
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Table 2. Association between clinicopathological features and OS.

Variable
P Value

Partial mastectomy 0.969 0.397 2.369 0.946

ER — estrogen receptor; No. of positive LNs — number of positive lymph nodes; PR — progesterone receptor; HER2 — human epidermal
growth factor 2; 95% Cl — 95% confidence interval.
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Table 3. Association between clinicopathological features and BCSS.

Cumulative incidence of breast cancer Cumulative incidence of non-breast cancer

Variable specific-death specific-death

Partial mastectomy 0.130 0.335 0.048 0.048

ER — estrogen receptor; No. of positive LNs — number of positive lymph nodes; PR — progesterone receptor; HER2 — human epidermal
growth factor 2.
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Prognostic factors for BCSS in the training cohort

To identify factors associated with BCSS, we calculated the cu-
mulative incidences of BCS deaths based on the competing-risk
regression models. The cumulative incidences of BCS deaths
and non-BCS deaths according to the clinicopathological charac-
teristics are listed in Table 3. Race, grade, ER status, PR status,
HER2 status, and the number of positive LNs were significantly
associated with BCS deaths. Notably, we also observed no sig-
nificant difference in the cumulative incidences of BCS deaths
between patients who received a partial mastectomy and pa-
tients who received a mastectomy (P=0.763).

Model construction in the training cohort

In the LASSO regression model, 7 factors were selected: race,
tumor laterality, grade, the number of positive LNs, ER sta-
tus, PR status, and HER2 status. The respective coefficients
of these 7 factors were calculated when log lambda=-4.42
(Figure 2A, 2B).

Based on the Cox regression model, we formulated nomograms
to predict 3- and 5-year OS. The OS nomogram that integrated
factors selected by the LASSO regression model is shown in
Figure 2C. Similarly, factors associated with the cumulative in-
cidences of BCS deaths in the competing-risk models were used
to establish a nomogram for BCSS, which included the follow-
ing variables: race, grade, ER status, PR status, HER2 status, and
the number of positive LNs (Figure 2D). The number of posi-
tive LNs contributed the most to both the OS and BCSS nomo-
grams. After locating each variable on the point scales, we could
obtain the scores of each variable and then calculate the total
score for each patient by summing the scores of all variables.

Model validation in both cohorts

In the training cohort, the C-indexes for OS and BCSS were
0.76 and 0.764, respectively. Calibration curves demonstrated
that the nomogram-predicted survival closely corresponded
with the survival obtained using the Kaplan-Meier method
(Figure 3A-3D). The time-dependent ROC curve is shown in
Figure 3E. With the risk scores as a continuous variable, the
AUCs for the 3- and 5-year OS and BCSS predictions were 0.747,
0.740, 0.770, and 0.774, respectively. The results indicated
that nomograms are useful predictors for both OS and BCSS.

We calculated the risk score from the nomograms for every
patient to evaluate the performance of the nomograms as
a risk stratification tool. The cutoff value obtained from the
time-dependent ROC curve for OS was 20. Based on this cutoff
value, patients were stratified to low-risk and high-risk groups.
In the training cohort, there were 484 patients (72.4%) in the
low-risk group and 184 patients (27.5%) in the high-risk group.

CLINICAL RESEARCH

Smooth HR curves showed a significant prognostic difference
between the 2 prognosis groups (Figure 3F, 3G). The relation-
ship between the risk score and OS was assessed by univariate
analysis using the log-rank test. A lower risk score was signifi-
cantly associated with longer OS (log-rank P<0.001, Figure 3H).

The external validation also showed a satisfactory perfor-
mance of the nomograms (Figure 4). With respect to the vali-
dation cohort, the C-indexes for OS and BCSS were 0.724 and
0.727, respectively. There were 150 patients (66.7%) in the
low-risk group and 75 patients (33.3%) in the high-risk group
(log-rank test P<0.001).

Discussion

As the most aggressive breast cancer, IBC has a poor prog-
nosis [3]. However, analysis of the prognostic factors is chal-
lenging due to the rarity of IBC. In this population-based study,
we extracted 893 nonmetastatic IBC patients from the SEER
database. Cox proportional hazards models and competing-
risk models were used to investigate the prognostic factors.
Then, we formulated nomograms as survival estimation tools,
in which we calculated the risk score and estimated the sur-
vival for each patient. Next, we applied the risk score to sepa-
rate patients into the low-risk and high-risk groups. The smooth
HR curves displayed a significant prognostic difference be-
tween the 2 groups, and the Kaplan-Meier curves showed that
a lower score was significantly associated with a longer OS.
C-indexes, time-dependent ROC curves, and calibration curves
also demonstrated the satisfactory performance of our nomo-
grams. Therefore, in addition to the molecular subtypes, clini-
cians can assess patient prognosis and select treatment regi-
mens using our nomograms, which integrated factors such as
age, race, and the number of positive LNs. Consistent with oth-
er studies [22,23], molecular markers ER, PR, and HER2 were
used directly in our nomograms instead of molecular subtypes,
which would be more convenient for clinical use.

In the study of 82 IBC patients at the Instituto Nacional de
Cancerologia (INCan) in Mexico City, 60% of IBC patients had
poorly differentiated tumors [24]; in agreement with previ-
ous studies, most of the tumors in our study were grade lll~IV
(66.7%). Consistent with the research from Li et al., we found a
negative impact of the number of positive LNs on both BCSS and
0S [25]. Moreover, the number of positive LNs was the largest
contributor to the nomograms. Regarding race, Lisa et al. per-
formed a meta-analysis of 14 studies involving over 40 000
white American and 10 000 African American breast cancer pa-
tients and found that African Americans had worse breast can-
cer survival than white Americans did [26]. Our study demon-
strated that African American IBC patients had worse survival
outcomes than white patients did.
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Figure 2. Model construction in the training cohort. (A) LASSO coefficient profiles of the prognostic factors. This analysis resulted in
the selection of 7 factors — race, grade, laterality, ER status, PR status, HER2 status, and the number of positive LNs — with
respective coefficients of —0.005, 0.328, -0.151, —0.485, —0.462, —0.726 and 0.520, in the LASSO regression model.

(B) Selection of the optimal tuning parameter (lambda) in the LASSO model. The left and right dotted vertical lines represent
the optimal values selected by the minimum criteria and the 1-SE criteria, respectively. The optimal lambda=0.012 with log
lambda=-4.42 was determined by the minimum criteria. Nomograms for predicting the probabilities of 3- and 5-year (C) OS
and (D) BCSS. Locate a patient’s variable and draw a line up to the Points axis to find the point value for each variable.
Calculate the total point value by summing the scores of each variable. Then, locate the total point value on the Total Points
axis and draw a line down to the 3-year survival axis or the 5-year survival axis to obtain the likelihood of 3- or 5-year
survival. ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; No. of positive

LNs, the number of positive lymph nodes.
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Figure 3. Model validation in the training cohort. Calibration curves for predicting (A) 3-year OS and (B) 5-year OS and (C) 3-year

BCSS and (D) 5-year BCSS. The X-axis plots the nomogram-predicted survival; the Y-axis plots the actual survival.

(E) Time-dependent ROC curves for predicting 3-year and 5-year OS and 3-year and 5-year BCSS. (F, G) With the cutoff value
obtained from the ROC curves as a reference, smooth HR curves displayed a significant prognostic difference between the
high-risk group and low-risk group. (H) Kaplan-Meier estimates of survival for patients in the high-risk group versus the
low-risk group. Ln HR — logarithm hazard ratio; OS — overall survival; BCSS — breast cancer-specific survival.

IBC is characterized by a lack of hormone receptor expression
and a high proportion of HER2-positivity [6,7,27]. The posi-
tive rate of HER2 and hormone receptor expression in our
study were similar to those in previous studies. In concor-
dance with the report from Dawood et al., ER-positive status

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

was independently associated with improved survival in IBC
patients [28]. Interestingly, HER2 positivity was significantly
associated with longer OS and BCSS in our study, presum-
ably the result of trastuzumab treatment. Dawood et al. re-
ported that in the absence of trastuzumab, there was no
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Figure 4. Model validation in the validation cohort. Calibration curves for predicting (A) 3-year OS and (B) 5-year OS and (C) 3-year

BCSS and (D) 5-year BCSS. The X-axis plots the nomogram-predicted survival; the Y-axis plots the actual survival.

(E) Time-dependent ROC curves for predicting 3-year and 5-year OS and 3-year and 5-year BCSS. (F, G) With the cutoff value
obtained from the ROC curves as a reference, smooth HR curves displayed a significant prognostic difference between the
high-risk group and low-risk group. (H) Kaplan-Meier estimates of survival for patients in the high-risk group versus the
low-risk group. Ln HR — logarithm hazard ratio; OS — overall survival; BCSS — breast cancer-specific survival.

significant association between HER2 status and recurrence-
free survival. Then, trastuzumab was added to the treat-
ment regimens of HER2-positive patients who experienced
recurrence. Trastuzumab significantly improved the sur-
vival of HER2-positive patients, and trastuzumab-treated

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

HER2-positive patients had a survival rate that even surpassed
that of HER2-negative patients (HR of 0.56; 95% Cl, 0.34-0.93
[P=0.024]) [28]. In the NOAH trial, compared with neoadju-
vant chemotherapy alone, the addition of trastuzumab im-
proved survival in HER2-positive locally advanced breast cancer,
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including IBC [29]. Prospective trials have also suggested that
trastuzumab is useful in the treatment of IBC [30-32].

In non-IBC, the survival of patients undergoing a breast-con-
servative surgery has been similar to that of patients receiving
a mastectomy [33]. With advancements in systemic therapy,
the survival of patients with IBC has appeared to improve [3].
A highly debated question is whether IBC remains an absolute
contraindication to breast-conservative surgery. Small stud-
ies have reported a similar survival of IBC patients undergo-
ing breast-conservative surgery to that of patients receiving
a mastectomy [12,13]. Bonev et al. retrospectively analyzed
24 |BC patients at the median follow-up of 60 months and
found no significant difference in OS between patients who
received a partial mastectomy and patients who received a
mastectomy (P=0.49) [12]. However, these studies contained
limited patient cohorts. In our study, most patients (96.9%)
received a mastectomy, while only 3.1% received a partial
mastectomy. We found that patients who underwent differ-
ent types of surgery showed similar BCSS and OS. Chen et al.
published a similar result from a population-based study anal-
ysis of over 3000 patients; using a Cox proportional hazards
model, they recognized that patients who underwent a breast-
conservative surgery had a similar BCSS to those who received
a mastectomy. Their findings are consistent with our results
from the competing-risks model. They proposed that a mas-
tectomy should not be the only surgical method for IBC [34].
Nevertheless, Muzaffar et al. found that a partial mastectomy
was correlated with poor survival in nonmetastatic IBC. One
possible explanation for this contradictory result is the differ-
ences in patient populations [35]. For example, only some pa-
tients in their analysis were treated with radiotherapy, but all
patients in our analysis received radiation therapy. Therefore,
breast-conservative surgery may be an acceptable alternative
to a mastectomy for IBC patients receiving radiotherapy and
systemic therapy.

There are some limitations to our study. First, we excluded pa-
tients with missing data, which might have resulted in a bias.

Second, HER2 status data were not recorded in this database
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until 2010; therefore, only patients diagnosed after 2010 were
included in this study, which resulted in a short follow-up. Third,
when comparing the prognosis of patients receiving different
types of surgery, the propensity score matching (PSM) meth-
od may be more appropriate and is commonly used for such
comparisons. However, since the percentage of patients who
received a partial mastectomy was small, after matching, the
statistical power for comparison might have been insufficient.
Fourth, the lack of information regarding treatment details and
some prognostic markers, such as multigene panel status and
Ki67 index, might also have weakened the effectiveness of the
nomograms. Therefore, a prospective trial would be ideal for
validating these nomograms before clinical application.

Conclusions

Based on a relatively large cohort from the SEER database,
we identified prognostic factors of nonmetastatic IBC pa-
tients who received tri-modality therapy. Further, we formu-
lated nomograms as survival estimation tools, in which we
can calculate the risk score and estimate survival for each pa-
tient. Using the risk score, patients can be split into low-risk
and high-risk groups, which can assist clinicians in selecting
treatment regimens.
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