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Abstract

Background: Breast cancer (BC) is the most diagnosed cancer and the leading cause of cancer death among
women in Puerto Rico (PR). Inflammatory breast cancer (IBC) is considered the most aggressive BC subtype.
This study characterized the IBC population of Hispanic women living in Puerto Rico and aimed to estimate the
IBC survival rate using data from the Puerto Rico Central Cancer Registry (PRCCR).

Methods: This is a retrospective, population-based study using the PRCCR database and the Health Insurance
Linkage Database (PRCCR-HILD). We analyzed data from patients that were diagnosed with IBC from January
1, 2008 to December 31, 2018. Patients were identified using the International Classification of Diseases for
Oncology, 3rd edition (ICD-O-3) site codes C50.0-C50.9 and histology code 8530. Variables such as age at
diagnosis, marital status, health insurance, geographic area of residence, staging variables, tumor receptor
subtypes, treatment received, and overall survival (OS) were studied. Statistical analysis methods were
employed to describe the population, estimate survival curves and examine the risk of dying.

Results: The data of 51 patients were included. The mean age at diagnosis of IBC in the current study was 59
years old. A total of 62.8% of patients had no metastases at diagnosis and 64.7% were diagnosed with stage |l|
disease. Most tumors presented with ER+/PR+/Her2- (21.6%), or a triple negative (ER-/PR-/Her2-, 15.7%)
tumor concordance. The OS during the first year was 66% (90% Cl: 0.54-0.76), whereas 36 months
post-diagnosis was at a low 39% (90% Cl: 0.27-0.59). The triple-negative subtype had the worst survival at 36
months (36% [90% CI: 0.11-0.62]). This study revealed through Cox regression analysis that women with stage
IV disease and those with ER-/PR- tumor subtype have a higher risk of dying (HR 4.99; [90% CI: 2.30-10.83] and
HR 4.74; [90% CI: 1.88-11.95]), respectively.

Conclusions: Our results suggest that the Puerto Rican IBC patient population presents unique

characteristics. This is the first research to describe the patient profile and characteristics of women diagnosed
with IBC in PR. This research increases awareness about this lethal disease in PR.

Key words: Inflammatory Breast Cancer; Tumor concordance; Epidemiology; Puerto Rico Central Cancer
Registry; Survival

Introduction

Inflammatory breast cancer (IBC) is a highly  the skin of the breast. In the United States (US), IBC
aggressive form of BC (1,2). IBC is a rare and rapidly = accounts for 2-5% of all BC but is responsible for
progressing BC subtype that is classically recognized = 7%-10% of BC mortality (1,2). IBC is reputably
by the appearance of edema, erythema, and pitting of  threatening, evolving over weeks to months into a
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severe disease.

IBC has been linked to a younger age at
diagnosis (3). The mean age at diagnosis of IBC
patients in the US between November 2006 and April
2013 was 51.6 years old, and recently was registered at
57 years old (4). The overall IBC 5-year survival is
estimated at 40.5% (5). Despite this grim prognosis,
the 5-year survival of patients with IBC has increased
over time, probably due to multimodal treatment
strategies that include neoadjuvant systemic therapy,
followed by radiotherapy and surgery. Nevertheless,
IBC’s survival rate is still significantly lower than in
non-IBC BC patients, which have an overall 5-year
survival of 90.3% (6).

Per the American Joint Committee on Cancer
(AJCC) TNM system, IBC tumors are designated as
T4d at diagnosis (7). The diagnosis of IBC is
clinicopathological since it must meet clinical criteria
in addition to pathological confirmation of invasive
carcinoma. The pathologic assessment of hormone
receptors (ER and PR) and HER2/neu tumor receptor
status is critical to the staging, the treatment plan, and
possibly to the prognosis of the disease. Studies show
that triple-negative and ER+/PR+/Her2- IBC tumors
have been linked with poorer prognosis (8).

The characterization of IBC in Puerto Rican
women has not been studied before. Puerto Rico is a
Commonwealth of the United States with an
understudied population of more than 3 million
Hispanic Americans (9). Thus, the objective of the
current study is to describe the epidemiology of the
IBC population in Hispanic women in Puerto Rico
and estimate their IBC survival rate. Using the Puerto
Rico Central Cancer Registry (PRCCR) database
complemented with the PRCCR-Health Insurance
Linkage Database (PRCCR-HILD), we aim to identify
cases of Puerto Rican women diagnosed with IBC.

Methods

Data Source

This is a retrospective, population-based study
that focuses on the epidemiology and patient profile
of IBC in females in PR. This study used data from
PRCCR, which is part of the CDC’s National Program
of Cancer Registries (NPCR) and uses the North
American Association of Central Cancer Registries
(NAACCR) standards and the Surveillance,
Epidemiology, and End Results (SEER) Program for
coding data. By law, all health facilities that diagnose
or treat cancer patients are required to report each
case to the PRCCR (10). The PRCCR collects
demographic, clinical, and the first course of
treatment information of all cancer cases diagnosed or
treated in Puerto Rico and complements this

information with the Health Insurance Linkage
Database (PRCCR-HILD). PRCCR-HILD includes
claims data from the government health plan and the
main private health insurance companies for
approximately 90% of cancer cases from 2008 onward
(10). Recently, the PRCCR received the NAACCR
Gold Certification, the highest standard for complete,
accurate, and timely data (11). This study was deemed
exempt and was approved by the UCC Institutional
Review Board # 2018-21.

Patient inclusion and exclusion criteria

This analysis included women (ages 21-99 years
old) diagnosed in PR from January 1, 2008, to
December 31, 2018. IBC patients were identified using
the International Classification of Diseases for
Oncology 3rd edition (ICD-O-3) site codes
C50.0-C50.9 and histology code 8530. We only
included women that were Hispanic and residents of
PR. Therefore, women who were diagnosed or treated
in PR but were not PR residents were not included. In
addition, cases with an unknown stage at diagnosis
were excluded from the survival analysis. Once the
IBC patients were identified at the PRCCR, the
research team examined and reviewed all cases
manually to ensure accuracy in the clinical, staging,
and treatment variables. A Certified Tumor Registrar
(CTR) from the PRCCR performed quality-control
tests and certified the information retrieved from the
databases.

Outcome measures

Demographic variables in the analyses included
age at cancer diagnosis (<45, 45-64, and > 65 years),
marital status (married, unmarried), health insurance
(private, Medicaid, Medicare, and Medicaid/Medi-
care [dual enrolled]), and geographical area of
residence. Geographic regions of Puerto Rico were
based on the segregation established by the Puerto
Rico Department of Health (12). Clinical variables
included: staging variables (pathological tumor size,
node, and metastasis), tumor receptor status (ER%,
PR+, and Her2+), and tumor receptor subtypes
(ER+/PR+/Her2+, ER-/PR-/Her2-, and other
combinations). Treatment variables were comple-
mented using the PRCCR-HILD data and included
the type of first-course treatment (surgery,
chemotherapy, radiotherapy), chemotherapy regimen
AC (Doxorubicin with Cyclophosphamide), DD (Dose
Dense), FAC (Fluorouracil/ Adriamycin/Cyclophos-
phamide), TCH (Carboplatin/Docetaxel/ Trastuzu-
mab), followed by Paclitaxel. We also studied the
delay in treatment (<15, 15-44, and 245 days), defined
as the interval in time from diagnosis to first
treatment.
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Statistical Analysis

We used descriptive statistics and frequency
analyses to describe the population of IBC patients in
Puerto Rico. The Kaplan-Meier method was used to
estimate survival curves and the log-rank test to
assess differences between survival curves. We used
Cox proportional hazards model to examine the effect
of demographics and clinical variables on the risk of
dying using the hazard ratios (HRs) with 90%
confidence intervals (90% Cls). Because our study
population is small, p-values can be sensitive (13),
thus we decided to use a 0.10 significance level (14).
The proportionality assumption was evaluated using
Schoenfeld residuals. All analyses were performed
using STATA version 17.0 (College Station, TX).

Results

General characteristics and pathological
description of tumors of IBC patients in Puerto
Rico

A total of 51 patients diagnosed with IBC that
met inclusion criteria were identified in the PRCCR
from January 1, 2008 to December 31, 2018. The mean
age at diagnosis was 59 years old. Demographic data
for patients with IBC are shown in Table 1. The
majority of women were within the age group of 45-64
years old (49%), were unmarried (58.8%), belonged to
the Bayamoén health region (29.4%), and had
Medicaid/Medicaid-Medicare = health  insurance
(51%). A description of all the Puerto Rican
municipalities within each health region is depicted in
Table 1.

Table 1. Demographic data of IBC patients

All IBC patients included in this study had
tumors with T4d classification following the AJCC
cancer staging manual (AJCC, 7ed.). The pathological
data in IBC patients are presented in Table 2. Most
tumors presented with ER+/PR+/Her2- (21.6%), or a
triple-negative  (ER-/PR-/Her2-, 15.7%) tumor
concordance. Moreover, the most common IBC tumor
receptor subtypes were ER+/PR+ (39.2% [n=20]), and
ER-/PR- (31.4% [n=16]). In addition, 62.8% of patients
displayed no metastases, 54.9% had the involvement
of at least one lymph node, and 64.7% were stage III.

Table 2. Pathological data of IBC tumors

Variables Number of patients Percentage (%)

Age at diagnosis

<45 8 15.7
45-64 25 49.0
>65 18 35.3
Year of diagnosis

2008-2010 23 45.1
2011-2014 17 333
2015-2018 11 21.6
Marital status

Unmarried 30 58.8
Married 21 41.2
Puerto Rico health region*

Bayamon 15 29.4
Caguas 12 23.5
Metro 8 15.7
Ponce 8 15.7
Arecibo/Mayagiiez* 8 15.7
Health Insurance

Medicaid /Medicaid-Medicare* 26 51.0
Medicare 13 25.5
Private 12 235

Variables Number of patients Percentage (%)
ER

Positive 19 373
Negative 17 33.3
Not done 11 21.6
Unknown 4 7.8
PR

Positive 17 33.3
Negative 19 37.3
Not done 11 21.6
Unknown 4 7.8
Her2

Positive 9 17.7
Negative 22 43.1
Not done* 13 25.5
Unknown 7 13.7
Tumor receptor concordance

(ER/PR/Her2)

ER-/PR-/Her2- 8 15.7
ER+/PR+/Her2- 11 21.6
ER-/PR-/Her2+ 6 11.8
Not done* 11 21.6
Other** 15 29.4
Tumor receptor subtypes

ER-/PR- 16 314
ER+/PR+ 20 39.2
Not done* 11 21.6
Unknown 4 7.8
N

NO 10 19.6
N1 28 54.9
N2/N3 7 13.7
Nx 6 11.8
M

MO 32 62.8
M1 15 29.4
Mx 4 7.8
Tumor Stage

111 33 64.7
v 16 314
Unknown/Other** 2 3.9

*Number of patients that was<6 per category were merged

*Not done = the patient died before the test could be performed
**Other = additional concordance subtype or tumor stage

Treatment
A total of 824% of IBC patients received
treatment (Table 3). Of these, 80.4% received

chemotherapy, 62.8% received radiotherapy, and
60.8% had surgery. A total of 49.0% of patients
received all three modalities of treatment. The most
frequent chemotherapy regimen used was AC
(Doxorubicin ~ with ~ Cyclophosphamide), DD
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(Dose-Dense), FAC (Fluorouracil/ Adriamycin
/ Cyclophosphamide), TCH (Carboplatin/Docetaxel/
Trastuzumab), followed by Paclitaxel (data not
shown). The average delay in treatment was 15 to 44
days post-diagnosis.

Table 3. Treatment data for IBC cases

Treatment Number of patients Percentage (%)

Treatment received

Yes 42 82.4
No 9 17.7
Chemotherapy

Yes 41 80.4
No 10 19.6
Radiotherapy

Yes 32 62.8
No 19 37.3
Surgery

Yes 31 60.8
No 20 39.2
Chemotherapy first

Yes 28 54.9
No 23 45.1
Surgery first

Yes 13 25.5
No 38 74.5
Treatment delay

<15 7 171
15-44 21 51.2
245 13 317
Chemotherapy first delay

<15 3 111
15-44 16 59.3
245 8 29.6

Survival

The OS during the first year post-diagnosis was
66% (90% CI: 0.54-0.76). Importantly, 36 months
post-diagnosis, survival drastically reduced to 39%
(90% CI: 0.27-0.59) (Fig. 1A). Although not statistically
significant, patients within the age range of 45-64
years old had a slightly better survival rate compared
to the other age groups during the first year
post-diagnosis (76%, 90% CI: 0.58-0.87) (Fig. 1B). At 36
months post-diagnosis, there was increased survival
in married women (46% [90% CI: 0.27-0.63]) and in
women with private health insurance (58% [90% CI:
0.32-0.77]) (Fig. 1C, D), although these differences
were not statistically significant. Importantly, IBC
patients with triple-negative (ER-/PR-Her2-) tumors
had a significant (P<0.0001) overall worse survival
rate (36% [90% CI: 0.11-0.62]) (Fig. 1E).

Two Cox proportional hazard regression models
were created to study the effects of demographics and
different clinical variables for IBC patients. The first
model (Table 4) was adjusted for age, tumor stage and
tumor receptor subtype. For this analysis, the
variables “Not done/unknown” were merged. Our
results show that tumor stage IV (HR 4.99; [90% CI:
2.30-10.83]) and ER-/PR- subtypes (HR 4.74; [90% CI:
1.88-11.95]) had a significantly higher risk of death
when compared to tumor stage III and ER+/PR+
receptor subtypes, respectively.
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Figure 1. Overall survival curves (A) for patients according to Age (B), Marital Status (C), Health Insurance (D), Tumor Receptor Concordance (E) or Tumor Receptor Status
(F). Data derived from the PRCCR from 2008 — 2018. Not done — the patient died before the test was done. Others — includes other tumor concordance combinations.

Unknown — not reported.
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Table 4. Multivariate Cox proportional hazards model to
examine the effect of demographics and tumor stage and receptor
subtypes.

Variable Hazard 90% Confidence
ratio P-value Intervals

Age <45 Ref. Ref. Ref. Ref.
45-64 1.53 0.47 0.58 4.03
>65 1.48 0.55 0.51 4.28

Tumor stage I Ref. Ref. Ref. Ref.
v 4.99 0.00 2.30 10.83

Tumor receptor ER+/PR+ Ref. Ref. Ref. Ref.

subtypes ER-/PR- 4.74 0.01 1.88 11.95
*Not done/ 15.69 0.00 6.09 40.42

Unknown

Ref. = variables for which the model was adjusted.

Variables with significant p values are in boldface.

*Not done/ Unknown= the patient died before the test could be performed and
unknown tumor receptor subtypes

Next, we performed a second Cox proportional
hazard regression model, which was adjusted for age,
tumor stage, health insurance, tumor receptor
subtype, and treatment delay (Table 5). Our results
show that patients with an age >65 years (HR 0.08;
[90% CI: 0.01-0.78]), that had ER-/PR- tumors (HR
6.21; [90% CI: 2.10-18.34]), and had a treatment delay
of either <15 days post-diagnosis (HR 6.69; [90% CI:
1.16-38.73]) or 245 (HR 4.48; [1.10-18.23] had a higher
risk of death. Importantly, patients enrolled in
Medicare had a significantly increased risk of death
(HR 7.54; [90% CI: 1.25-45.59]) when compared to
patients with private insurance.

Table 5. Multivariate Cox proportional hazards model to
examine the effect of demographics, tumor features, health
insurance and treatment delay

Variable Hazard P-value 90%
ratio Confidence
Intervals
Age <45 Ref. Ref. Ref.  Ref.
45-64 0.32 0.26 0.06 1.66
>65 0.08 0.07 0.01 0.78
Tumor 111 Ref. Ref. Ref.  Ref.
stage I\Y% 245 0.11 098 6.14
Health Private Ref. Ref. Ref.  Ref.
insurance  Medicaid/Medicare-Medicaid ~ 2.30 0.26 0.69 7.64
Medicare 7.54 0.07 125 45.59
Tumor ER+/PR+ Ref. Ref. Ref. Ref.
receptor ER-/PR- 6.21 0.01 210 1834
subtypes  Not done / Unknown 7.14 0.19 1.80 2831
Treatment 15-44 Ref. Ref. Ref. Ref.
Delay <15 6.69 0.08 116 3873
245 448 0.08 110 1823

Ref. = variables for which the model was adjusted.

Variables with significant p values are in boldface.

*Not done/ Unknown= the patient died before the test could be performed and
unknown tumor receptor subtypes.

Discussion

The study presented herein is the first to
characterize the patient profile and describe the

clinicopathological characteristics of IBC tumors in
the Puerto Rican population. Our results suggest that
the Puerto Rican IBC patient population presents
unique features. Our study shows that for IBC cases
diagnosed in PR between 2008 to 2018, the mean age
at diagnosis was 59 years old. However, the mean age
at diagnosis of IBC for women in the US was 57 years
(4). Therefore, when we compare our results with
those of women in the mainland US, the women in PR
were diagnosed with IBC at a slightly older age
during this reported period. Although the women
diagnosed in PR were older than in the mainland US,
women in PR diagnosed with IBC were younger than
those diagnosed with non-IBC BC, whose mean age at
diagnosis is 60.5 years (15). Notably, previous
population-based studies conducted in the US have
found a younger age at onset of IBC among Hispanic
women compared to Caucasian women (16-18).

IBC patient tumors that display different
molecular subtypes have been linked to distinct
outcomes (19). ER+ and Her2+ tumors are associated
with better survival when compared to patients with
hormone-negative tumors (19). The current study in
Puerto Rican women found that 39.2% of IBC patients
had ER+/PR+ tumors, while 31.4% of IBC patient
tumors were classified as ER-/PR-. A study revealed
that IBC patients with ER+/PR+ tumors had a median
OS of 31 months when compared to IBC patients with
ER-/PR- tumors who had a median OS of 20 months,
which is a remarkable difference (20). This is in
accordance with our finding that patients with
ER-/PR- tumor subtypes displayed a significantly
higher risk of death (HR 4.74; [90% CI: 1.88-11.95])
versus IBC patients with ER+/PR+ tumor receptor
subtypes. The high incidence of ER-/PR- tumors in
the Puerto Rican population is concerning, because
the ER-/PR- BC subtype has been linked to poor
prognosis and fewer treatment strategies (21,22).

IBC tumors with a triple-negative (ER-/PR-/
Her2-) concordance have been associated with the
worst outcome (23). In the general population of
non-IBC BC in Puerto Rico, triple-negative tumors
account for 9.5% of cases (24). Importantly, in our
study, an alarming 15.7% of IBC patients presented
with triple-negative disease (ER-/PR-/Her2-). In IBC
studies, the triple-negative subtype consistently
displays the poorest OS (19,20). The higher incidence
of triple-negative IBC tumors within the Puerto Rican
population results in poorer outcomes measured by a
striking worse 3-year OS rate (36% [90% CI:
0.11-0.62]). Similarly, a study in the US found that
patients diagnosed between 1996 to 2011 with
triple-negative IBC had significantly inferior
outcomes compared with non-inflammatory locally
advanced triple-negative BC (25). IBC is associated
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with a poor prognosis due to its high metastatic
potential (23) and IBC patients are up to three times
more likely to have metastatic disease at the time of
diagnosis when compared with patients with non-IBC
BC (26). Interestingly, in this study, 62.8% of patients
did not have metastatic disease at diagnosis.

Other IBC studies have reported that IBC tumors
may lack ER and PR expression but show Her2
amplification (3,23,27). This is not consistent with our
study, in which 31.4% of patients were ER-/PR-, but
in most cases were Her2- (43.1%), which is another
striking finding. A recent study on metastatic IBC
reported that Her2+ subtypes displayed the best
outcomes without significant differences in hormone
receptor status (23). IBC patients with Her2+ tumors
have been found to have better OS than those with
Her2- tumors, even after adjusting for other
prognostic factors (19). Her2+ tumors have targeted
therapeutic options, such as trastuzumab. Moreover,
the NeOAdjuvant Herceptin (NOAH) trial found that
the addition of trastuzumab for women with Her2+
locally advanced BC or IBC resulted in improved
event-free survival, OS, and clinical and pathological
tumor responses (28).

The treatment for IBC is multimodal, consisting
of neoadjuvant chemotherapy, surgery, and
radiotherapy. We found that 80.4% of patients
received chemotherapy, 62.8% received radiotherapy,
and 60.8% underwent surgery. The current consensus
regarding surgical management of IBC supports
using systemic therapy first then proceeding with
surgery once the inflammatory changes have
resolved. This strategy is more effective in achieving
clear margins upon resection (29-32). We found that
the most frequently used chemotherapy agents were
AC (Doxorubicin/Cyclophosphamide), DD (Dose-
Dense), FAC (Fluorouracil/ Adriamycin/Cyclophos-
phamide), TCH (Carboplatin/Docetaxel/ Trastuzu-
mab), followed by Paclitaxel. The current
international consensus on the clinical management of
IBC supports sequential treatment with AC. In
addition, a taxane with or without Carboplatin should
be administered before surgery in patients with Her2-
IBC (33). For Her2+ IBC, dual anti-HER2-directed
therapy with Pertuzumab and Trastuzumab is
recommended (33). One recent study in the mainland
US found that 80% of patients received trimodal
management with chemotherapy, mastectomy, and
radiotherapy (32), while in our study, only 49% of
patients received all three modalities. This difference
should be further studied, to ensure that IBC patients
receive the recommended standard of care.
Furthermore, the average delay in treatment for
patients in our study was 15-44 days. Our study
revealed that patients for whom treatment was

delayed >45 days had a 4.48 risk of death (HR 4.48
[90% CI: 1.10-18.23]). Delay in treatment has been
associated with higher mortality (34,35) and timely
treatment is critical in the case of a highly aggressive
disease such as IBC (36).

The Department of Health in Puerto Rico is
segregated in seven health regions: Arecibo,
Bayamon, Caguas, Fajardo, Mayagtiez, Metro, and
Ponce (12). Most IBC cases in this study were found in
the health regions of Bayamoén and Caguas (29.4% and
23.5% of cases, respectively). No cases were reported
in the Fajardo health region, which comprises the Rio
Grande, Luquillo, Fajardo, Ceiba, Vieques, and
Culebra municipalities. This is believed to be due to
the underreporting of cases in this area, as large
portions of these areas consist of rural and/or
underserved populations. Additionally, the diagnosis
of IBC is quite challenging, and, as such, the risk of
misdiagnosis is unusually high (2,18,37). For this
reason, epidemiological studies such as this one are
vital for clinicians to understand a disease process

with  variable presentation amongst diverse
population.
Conclusions

This is the first study to describe the

epidemiology of IBC in the Puerto Rican population.
Our study design and the recent study period
(2008-2018) are strengths of our study. Furthermore,
we obtained the clinical and demographic
information from the PRCCR, a center with the
highest distinctions ensuring the quality of the data
collected. Some limitations of this study include the
lack of available information due to the low incidence
of IBC in PR, the possible clinical underreporting of
cases, and the misclassification of cases due to the
heterogeneity of IBC diagnostic criteria and treatment
guidelines. Further studies are needed to examine the
differences between data we collected and existing
data from primarily Caucasian populations. We aim
to increase awareness of IBC within our community,
encourage physicians in PR to report IBC cases to the
PRCCR and disseminate diagnostic guidelines to
ensure an improved strategy for early detection of this
devastating disease.
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