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Abstract

Purpose Inflammatory breast cancer (IBC) rates increased in the United States before the turn of the twenty-first century.
We examine trends by estrogen receptor (ER) status since then.

Methods Using data from the Surveillance, Epidemiology, and End Results (SEER) program for years 2001-2015, we cal-
culated age-adjusted incidence rates for IBC (defined by AJCC TNM category T4d, extent of disease codes, and morphology
code 8530) by ER status, which was imputed if unknown, among women aged 25-84 years. For comparison, we included
other locally advanced breast cancer and other breast cancers partitioned into localized and regional/distant/unstaged. We
fit joinpoint log-linear models to annual rates to calculate annual percentage change (APC) and average annual percentage
change (AAPC).

Results The rate of increase in ER+ IBC rates among women aged 25-44 (AAPC=0.5) was similar to other advanced tumor
types, but declines among women aged 45-84 (AAPC =—2.2) were more rapid. Declines in ER— IBC rates for women aged
25-84 (AAPC =—3.7) were more rapid than for other tumor types.

Conclusions Our results show a reversal of the rising rates of IBC overall reported at the end of the twentieth century. Direc-
tion of trends for IBC is consistent with other breast cancer types, except for ER+ localized breast cancer in older women.
Decreasing parity and rising prevalence of older age at first birth may contribute to declining rates of ER— IBC. Otherwise,
patterns of changing risk factors are inconsistent with the trends we observed. Further studies of IBC are necessary to identify
additional risk factors and possible preventive strategies.
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over time for several decades before the turn of the twenty-
first century [1, 4, 5]. One analysis of IBC incidence from
1992 to 2009 did not report increasing rates, but it was
unclear whether this analysis properly defined IBC over
time [6].

Trends for estrogen receptor (ER)-positive (+) and ER-
negative (—) IBC have not been examined. Notably, IBC
has a higher proportion of ER— breast cancer than breast
cancer as a whole [1]. Total breast cancer rates by tumor
ER status have diverged since 2000. The declines in ER+
breast cancer during 2000-2004 are generally thought to
be due to decreases in use of hormone replacement therapy
among menopausal women [7]. Rates for ER+ breast can-
cer have been increasing at least since 2004, while rates for
ER-— breast cancer have been declining [7].

Here we assess overall rates and temporal trends in IBC
by ER status during 2001-2015 with imputation of missing
data on ER status. For comparison, we include other types of
LABC, a major differential diagnosis for IBC [8], as well as
other breast cancers partitioned into localized and regional/
distant/unstaged stages.

Methods
Data source

We used cancer incidence data from the National Cancer
Institute’s Surveillance, Epidemiology, and End Results
(SEER) 18 registries for cases diagnosed during the years
2001-2015. The 18 registries are Atlanta, Connecticut,
Detroit, Hawaii, Iowa, New Mexico, San-Francisco-Oak-
land, Seattle-Puget Sound, Utah, Los Angeles, San Jose-
Monterey, Rural Georgia, Alaska Native Tumor Registry,
Greater California, Greater Georgia, Kentucky, Louisiana,
and New Jersey. Data for Louisiana from July 2005 to
December 2005 were excluded to adjust for the impact of
Hurricanes Katrina and Rita. Per the 2010 census, the SEER
18 registries cover 27.8% of the United States population.

We limited our analysis to 2001-2015 because trends in
IBC for earlier periods have already been reported; moreo-
ver, we determined that the degree of missing data on ER
status before this period was so substantial as to make
analyses by ER status unreliable (e.g., 43.8% of IBC cases
had missing ER status in 1990). Finally, due to the rela-
tively small number of IBC cases, we concluded it was best
to plot 10-year age-specific rates by 5-year time periods
(2001-2005, 2006-2010, 2011-2015).

Case definitions

We identified first female breast cancer cases (ICD-0O-3/
WHO 2008; SEER site recode = ‘Breast’) in the 18 registries
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aged 25-84 years diagnosed during January 1, 2001 to
December 31, 2015. Cases were classified as IBC if they had
at least one of the morphology, stage, or extent of disease
criteria described in Table 1. Non-IBC cases were defined
as other LABC if they met the LABC stage criteria shown
in Table 1. We defined all remaining cases as localized
or non-localized other breast cancer using SEER historic
stage A. This resulted in four mutually exclusive groups:
IBC (N=11,438), other LABC (N=12,876), and localized
(N=490,534) and non-localized =regional/distant/unstaged
(N=272,708) other breast cancer.

Criteria and codes used to identify IBC in SEER have
changed over time. From 1990 to 2003, the percentage of the
breast with signs indicative of IBC was not specified using
either AJCC stage (T4d) or SEER extent of disease (EOD)
codes [9-14]; from 2004 to 2009 with Collaborative Staging
version 1, the clinical findings were required to involve the
majority of the skin of the breast [2, 15]; and from 2010 to
2015 with Collaborative Staging version 2 to involve a third
or more of the breast [15, 16]. Furthermore, starting in 2007
the use of morphology code 8530 required an indication of
inflammatory breast cancer on the pathology report [17, 18].
However, using other EOD codes, we were able to define
IBC for the entire study period as it was defined between
1990 and 2003.

We stratified cases according to ER+ and ER— status.
The categories of Extent of Disease—CS ER Status Recode
Breast Cancer (1990+) are positive, negative, borderline,
unknown [19]. Clinicians have traditionally used a cutoff of
>10% stained cells as positive, 0% as negative, and 1-9%
as borderline [20]. In 2010, new guidelines for interpreting
test results indicated that the code for borderline ER status
should rarely, if ever, be used; any test which resulted in at
least 1% of the cells staining positive is a positive test and
< 1% of cells stained is a negative test [21]. Therefore, we
included borderline ER status as ER+. For analyses using
all races combined, we imputed ER status (positive or nega-
tive) for each tumor type (IBC, LABC, other localized, other
non-localized) for those with unknown categories according
to the proportion of known ER+ and ER— breast cancers
by year of diagnosis and 10-year age group (25-34, 35-44,
45-54, 55-64, 6574, 75-84) [22]. For analyses by race/eth-
nicity (white non-Hispanic, white Hispanic, Black, Asian/
Pacific Islander), we imputed ER status by year of diagnosis
using age groups 25—-84 combined.

Overall, 10.0% of IBC cases, 8.5% of LABC cases,
6.6% of localized cases, and 10.1% of other non-localized
cases had unknown ER status, but this percentage fell over
time. In 2001, the percentages of IBC cases, LABC cases,
localized, and other non-localized breast cancer cases with
unknown ER status were 23.7%, 23.4%, 18.3%, and 20.7%,
respectively. In 2003, information on ER status began to
be collected under Collaborative Staging version 1 and was
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Table 1 Definition of breast cancer cases

Case type Definition

Inflammatory breast cancer (IBC) Morphology
2001-2015
ICD-0O-3 (converted from ICD-O-2 for 1988-2000) =8530 “Inflammatory Carcinoma”
or Stage
2001-2015
AJCC TNM, T =T4d “Inflammatory Carcinoma”
or Extent of Disease
2001-2003 (Historic)

70: “Inflammatory carcinoma, including diffuse (beyond that directly overlying the tumor) dermal

lymphatic permeation, or infiltration”
2004-2010 (Collaborative Staging)

71:*Diagnosis of inflammatory carcinoma WITH a clinical description of inflammation, erythema,
edema, peau d’orange, etc., involving not more than 50% of the skin of the breast, or percent of
involvement not stated, WITH or WITHOUT dermal lymphatic infiltration. Inflammatory carci-
noma, NOS”

73: “Diagnosis of inflammatory carcinoma WITH a clinical description of inflammation, erythema,
edema, peau d’orange, etc., of more than 50% of the breast, WITH or WITHOUT dermal lym-
phatic infiltration”

2011-2015 (Collaborative staging)

600: “Diagnosis of inflammatory carcinoma WITH a clinical description of inflammation, ery-
thema, edema, peau d’orange, etc., involving less than one-third (33%) of the skin of the breast,
WITH or WITHOUT dermal lymphatic infiltration”

725: “Diagnosis of inflammatory carcinoma WITH a clinical description of inflammation, ery-
thema, edema, peau d’orange, etc., involving one-third (33%) or more but less than or equal to
one-half (50%) of the skin of the breast, WITH or WITHOUT dermal lymphatic infiltration”

730: “Diagnosis of inflammatory carcinoma WITH a clinical description of inflammation, ery-
thema, edema, peau d’orange, etc., involving more than one-half (50%) of the skin of the breast,
WITH or WITHOUT dermal lymphatic infiltration”

750: “Diagnosis of inflammatory carcinoma WITH a clinical description of inflammation,
erythema, edema, peau d’orange, etc., but percent of involvement not stated, WITH or WITH-
OUT dermal lymphatic infiltration. Diagnosis of inflammatory carcinoma WITHOUT a clinical
description of inflammation, erythema, edema, peau d’orange, etc., WITH or WITHOUT dermal
lymphatic infiltration. Inflammatory carcinoma, NOS”

780: “Stated as T4d with no other information on extension”

Non-inflammatory locally advanced Stage
breast cancer (LABC)
2001-2015
Not an IBC case as defined above and

AJCC TNM, T =T4a (extension to the chest wall, not including only pectoralis muscle adherence/
invasion), or

AJCC TNM, T =T4b (ulceration and/or ipsilateral satellite nodules and/or edema (including peau
d’orange) of the skin, which do not meet the criteria for inflammatory carcinoma), or

AJCC TNM, T =T4c (both T4a and T4b)

Other localized breast cancer SEER Historic Stage A =“localized”

Other regional/distant/unstaged other ~ SEER historic stage A = “regional/distant/unstaged”
breast cancer

required by the American College of Surgeons’ Commission  Statistical analyses

on Cancer-approved hospitals [23]; thereafter, from 2004

to 2015 the percentage of IBC, LABC, localized, and other =~ We calculated age-adjusted incidence rates for all races
non-localized breast cancer cases with unknown ER status ~ combined and by race/ethnicity by tumor type and ER sta-
fell from 13.8 to 3.7%, from 11.4 to 3.8%, from 9.4 to 1.9%,  tus for women aged 25-84 for the years 2001-2015 based
and from 12.9 to 5.4%, respectively. on the 2000 U.S. standard population using SEER*Stat
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software package version 8.1.5. We also calculated age-
adjusted incidence rates in 10-year age groups and three
time periods (2001-2005, 20062010, 2011-2015). In
addition, we calculated annual age-adjusted incidence
rates. We reported rates as cases per 100,000 woman-
years; we did not present any rates in tables or figures
based on fewer than 16 cases (see Supplemental Table 1
for counts and rates by single year of diagnosis and
10-year age group).

We fit joinpoint log-linear models to annual overall and
age group-specific age-adjusted rates for each tumor type
over time (2001-2015) using the Joinpoint Regression
Program, Version 4.5.0.1 - June 2017; Statistical Meth-
odology and Applications Branch, Surveillance Research
Program, National Cancer Institute. This software ini-
tially fits a straight line (0 knot points or joinpoints), then
iteratively uses permutation tests [24] to assess whether
adding joinpoints for subsequently segmented lines better
describes the data, identifies the year(s) when the slopes
of the lines at the joinpoints are statistically significantly
different (two-sided p value < 0.05), and obtains the slope
of the segmental lines (annual percentage change (APC)).
We set the minimum number of observations for each join-
point segment as 4, and we allowed up to three segments.
We also calculated average annual percentage changes
(AAPC) to summarize and compare trends for different
groups that had different joinpoints and thus different time
partitions over which they had a constant rate of change.
The AAPC reduces to the APC if the rate of change is
constant over the entire time period. We did not modify
95% confidence intervals (CI) to account for the imputa-
tion of ER status.

We plotted age-adjusted incidence rates by tumor type
and ER status for 10-year age groups and 5-year diagnosis
time periods on a log y and linear x scale, such that a rate
change of 1% per year was portrayed by an angle of 10
degrees [25].

Fig.1 Age-adjusted incidence rates for 10-year age groups by 5-year p
diagnosis time periods for inflammatory breast cancer (IBC), other
locally advanced breast cancer (LABC), other localized breast cancer
(OLBC), and other non-localized breast cancer (ONLBC) by estrogen
receptor status

Results

The overall age-adjusted incidence rates per 100,000
woman-years aged 25-84 years during 2001-2015 for ER+
and ER— IBC were 1.41 and 1.23, respectively. The corre-
sponding incidence rates for LABC, localized breast cancer,
and other non-localized breast cancer were 2.02 and 0.96,
92.49 and 20.20, and 49.53 and 13.87, respectively.

Compared to non-Hispanic whites, rates of ER+ and
ER— IBC were higher in blacks, were similar in Hispanic
whites, and were lower in Asian/Pacific Islanders (Table 2).
Blacks also had higher rates of ER+ and ER— LABC, and
ER-— other localized and non-localized breast cancer.

The racial/ethnic composition of the SEER 18 population
changed over the study period. The percent non-Hispanic
whites declined from 64.6% in 2001 to 56.3% in 2015,
Hispanic whites increased from 13.8 to 17.7%, blacks rose
from 11.6 to 12.5%, Asian/Pacific Islanders rose from 8.9
to 12.0%, and American Indian/Alaskan natives remained
fairly constant at 1.1% and 1.5%.

Plots of the age-adjusted incidence rates for 10-year age
groups by 5-year diagnosis time periods for all race/ethnici-
ties combined are shown in Fig. 1 (counts are shown in Sup-
plemental Table 2). Numbers of cases by age and time period
were insufficient to allow this analysis by race/ethnicity. In
general, rates of ER+ IBC, LABC, and other non-localized
breast cancer increased for ages 25-44 and decreased for
ages 45-84. ER+ rates of other localized breast cancer
increased for most age groups. Rates of ER— IBC, LABC,
other localized breast cancer, and other non-localized breast
cancer declined in all age groups.

Table 2 Incidence rates per
100,000 woman-years during White
2001-2015 for inflammatory

ER status  Tumor type = Non-Hispanic Hispanic White ~ Black Asian/Pacific

Islander

breast cancer (IBC), other

Rate # Cases Rate # Cases Rate # Cases Rate

locally advanced breast cancer # Cases
non-localized breast cancer ER+ LABC 5745
(ONLBC) by estrogen receptor ER+ OLBC 302,487
(ER)-positive (+) and n?gative ER+ ONLBC 148,692
(—) status and race/ethnicity ER— IBC 3296
ER- LABC 2251
ER- OLBC 56,889
ER- ONLBC 35,269

1.44 786 1.38 903 1.88 313 0.73
1.97 907 1.76 1279 2.78 739 1.76
10453 33,502 64.12 31,325 67.43 31,844 75.61
53.03 22,830 4094 23,155 4878 15989 37.51
1.19 659 1.13 1041 2.14 285 0.66
0.80 489 0.88 1028 2.15 315 0.74
20.36 8860 15.66 13,750 28.56 6592  15.39
12.92 7144 1229 11,704  24.19 4415  10.30
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Table 3 Average annual percent

Age Type # Cases AAPC JP Trend 1 JP Trend 2 JP Trend 3
change (AAPC) and annual
percent change (APC) in rates 2001-2015 Years APC  Years APC  Years APC
from joinpoint (JP) analyses
during 20012015 of estrogen ER+
receptor (ER)-positive (+) and 25-44 1BC 963 2001-2015 0.5
ER-negative () inflammatory 25-44 LABC 844 2001-2015 0.6
emer BOL0bt s otne sk 12w o
(LABQ), other localized breast 25-44 ONLBC 31,455 0.6* 20012015  0.6%*
cancer (OLBC), and other 45-84 1BC 5123 —2.2%* 2001-2005 —6.0* 2005-2015 -0.7
non-localized breast cancer 45-84 LABC 7881 —1.1% 2001-2015 —1.1%
(ONLBC) for broad age groups 45-84 OLBC 366292 20012004 —5.1% 2004-2015  1.4%
45-84 ONLBC 181433 -—1.1* 2001-2004 —4.7*% 2004-2015 -0.1
ER-—
25-84 IBC 5305 -3.7* 2001-2015 —3.7*
25-84 LABC 4105 -0.8 2001-2006 4.1  2006-2012 —6.5*% 2012-2015 2.9
25-84 OLBC 86,946 —2.1%* 2001-2005 —-0.1 2005-2012 —4.0* 2012-2015 0.0
25-84 ONLBC 59,095 -2.7* 2001-2007 —2.2*% 2007-2012 -5.3* 2012-2015 0.6

* Indicates 95% confidence interval excludes 0.0

AAPCs and APCs from joinpoint analyses are presented
by tumor type for ages 25-44 and 45-84 for ER+ disease
and for ages 25-84 for ER— disease in Table 3. The AAPC
for ER+IBC among younger women was approximately the
same as for LABC and other non-localized breast cancer, but
the slight increase was not statistically significantly different
from 0. Declines in rates among older women were more
rapid, particularly during years 2001-2005. The most rapid
declines for other tumor types, except for LABC, were also
evident during the years 2001 to 2004. Decreases in rates of
ER- IBC overall were somewhat more rapid than for other
tumor types.

AAPCs and APCs from joinpoint analyses by tumor type,
ER status, and race/ethnicity are shown in Table 4. We do
not present results by race/ethnicity for ER+ tumor types
among those aged 25-44 because of small numbers of cases.
Among women aged 45-84, the overall decline in rates of
ER+ IBC shown in Table 3 was evident for all racial/eth-
nic groups, but declines were less rapid and not statistically
significant for blacks and Asian/Pacific Islanders. The over-
all decline in rates of ER+ LABC and other non-localized
breast cancer (Table 3) was largely attributable to declines in
non-Hispanic and Hispanic whites. The absence of an aver-
age change in rates in other localized breast cancer (Table 3)
masked a slight and not statistically significant average
decline in rates among non-Hispanic whites and increases
in the other racial/ethnic groups. Rates of all four types of
ER- breast cancer for ages 25-84 combined declined among
all racial/ethnic groups, but not always statistically signifi-
cantly for LABC and other non-localized breast cancer.
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Discussion

Based on SEER data that include nearly 28% of the U.S.
population, rates of both ER+ and ER— IBC have declined
since the turn of the twenty-first century, except for ER+
tumors among women younger than age 45. Declines in ER-
positive IBC among women aged 45—-84 were more rapid
for non-Hispanic and Hispanic whites than for blacks and
Asian/ Pacific Islanders, while declines in ER— IBC were
similar across racial/ethnicity groups. This is a reversal of
the rising rates of IBC overall at the end of the twentieth
century [1, 4, 5]. The direction of trends for ER+ IBC was
the same as for other advanced breast cancer types over the
period 2001-2015; however, differences were evident with
other localized breast cancer, where rates of ER+ breast can-
cer among older women generally increased, particularly
among races/ethnicities other than non-Hispanic whites. The
direction of trends for ER— IBC was the same as for all other
tumor types.

We are not aware of other reports of trends in IBC rates
according to ER status. Our results as a whole are gener-
ally consistent with a report also based on SEER 18 for
all breast cancer using imputed missing ER status which
showed significant increases in rates of ER+ breast cancer
overall from 2000 to 2009 among women younger than 50
and declines among older women from 2000 followed by
increases starting in the mid-2000s. Notably, the rates in
2009 among older non-Hispanic whites (the vast majority of
women) remained lower than those in 2000 [7]. Decreases in
rates of ER— breast cancer from 2000 to 2009 were evident
in most age and ethnic groups [7].

Several methodologic issues could influence interpre-
tation of our results. The imputation method we used is
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Table 4 Average annual percent change (AAPC) and annual percent
change (APC) in rates from joinpoint (JP) analyses of estrogen recep-
tor (ER)-positive (+) and ER-negative (—) inflammatory breast can-
cer (IBC), other locally advanced breast cancer (LABC), other local-

ized breast cancer (OLBC), and other non-localized breast cancer
(ONLBC) for broad age groups by race/ethnicity: non-Hispanic white
(NHW), Hispanic white (HW), Black, Asian/Pacific Islander (PI)

Age Type Race/ethnicity ~ # Cases AAPC JP Trend 1 JP Trend 2 JP Trend 3
2001-2015  Years APC Years APC Years APC
ER+
45-84 IBC NHW 3560 —2.5% 20012004  —8.5%  2004-2015 —-0.8
HW 577 —2.7% 2001-2015  —-2.7*
Black 718 -15 2001-2015 -1
Asian/PI 234 -0.7 2001-2015  —-0.7
LABC NHW 5358 —1.1% 2001-2015  —1.1*
HW 756 -13 2001-2015 -1.3
Black 1096 -0.1 2001-2015  —0.1
Asian/PI 640 0.1 2001-2015 0.1
OLBC NHW 280,766  —0.1 2001-2004  —4.6*  2004-2015 1.2%
HwW 28,660 1.6* 2001-2015 1.6%
Black 27,618 2.2% 2001-2015 2.2%
Asian/PI 27,324 1.1* 2001-2004  —3.2*%  2004-2015 2.4%
ONLBC NHW 130,702  —1.5% 2001-2004  —5.3*%  2004-2009 0.3 2009-2015  —-1.0%*
HW 17,508 -0.8 2001-2004  —6.1*  2004-2011 2.0%  2011-2015 —-14
Black 19,039 0.2 2001-2005  -2.1 2005-2009 3.1 2009-2015  -0.2
Asian/PI 12,544 0.4 2001-2015 0.4
ER-
25-84 IBC NHW 3296 -3.9% 2001-2015  —3.9%
HW 659 —3.5% 2001-2015  —3.5%
Black 1041 —3.5% 2001-2015  —3.5%
Asian/PI 285 —4.7% 2001-2015  —4.7*
LABC NHW 2251 -0.8 2001-2006 4.8 2006-2011 =77 2011-2015 1.3
HW 489 —2.4% 2001-2015  —2.4*
Black 1028 —3.4% 2001-2015  —3.4*
Asian/PI 315 -3.1 20012015  -3.1
OLBC NHW 56,889 —2.6% 2001-2004  -0.1 2004-2015  —3.3*%
HW 8860 - 1.7% 2001-2005 1.7 2005-2012  —=5.0%  2012-2015 1.5
Black 13,750 —-1.9% 2001-2015  —-1.9%
Asian/PI 6592 —2.4% 2001-2015  —2.4*
ONLBC NHW 35,269 —3.3% 2001-2007  =3.0 2007-2011  —=5.8% 20112015 —1.3
HW 7144 -1.8 2001-2005 2.4 2005-2012  =5.7%  2012-2015 2.0
Black 11,704 —3.2% 2001-2015  —3.2%
Asian/PI 4415 —2.6% 2001-2015  —2.6*

*Indicates 95% confidence interval excludes 0.0

based on a formal imputation model, albeit a simple one
(22); however, we did not adjust the confidence intervals to
account for the imputation of ER status. Thus, the results we
report as statistically significant might not be so if the adjust-
ment had been made, but those reported as not statistically
significant would remain so. The changing availability of
estrogen receptor status determination also need to be con-
sidered. Using imputed ER status for those with unknown
ER values, we did not find major shifts in trends for both

ER+ and ER— IBC around 2003/2004 when information on
ER status began to be collected under Collaborative Stag-
ing version 1 and was required by the American College of
Surgeons’ Commission on Cancer-approved hospitals [23].
However, there was a joinpoint in 2005 for ER+ IBC among
women aged 45-84, similar to joinpoints in 2004 for other
localized breast cancer and other non-localized breast can-
cer. Changes in incidence rates of total breast cancer in the
early 2000s have been attributed at least in part to changes in
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menopausal hormone use [26], which has not been well stud-
ied in relationship to risk of IBC. There were some changes
to the racial/ethnic composition of the study population
over time, but these changes were unlikely to have materi-
ally affected our results. For instance, IBC and LABC rates
among non-Hispanic and Hispanic whites are similar so the
increasing Hispanic percentage of the population should not
affect overall results. The percentages of blacks, with higher
rates of IBC, and Asian/Pacific Islanders, with lower rates of
IBC, also increased slightly but not substantially over time.

Our results suggest that factors influencing the incidence
of other types of breast cancer, particularly more advanced
disease, may also be operating for IBC. Evidence suggests
that some well-established breast cancer risk factors whose
prevalence has changed over time are differentially associ-
ated with pre- and post-menopausal breast cancer, ER+ and
ER-— breast cancer, and some possibly with IBC versus other
types of breast cancer. Among these are parity, older age at
first birth, and increased body mass index.

Giving birth and number of full-term pregnancies have
been associated with greater reductions in risk of post-men-
opausal than pre-menopausal breast cancer [27] and more
consistently with reduced risk of ER+ than ER— breast
cancer [28]. Few studies have examined associations by ER
status among younger women, but those that have found
increased parity associated with reduced risk of ER+ breast
cancer, but less consistently so with triple-negative breast
cancer [29]. Older age at first birth has been associated with
greater increases in risk of pre-menopausal than post-men-
opausal breast cancer [27] as well as ER+ than ER— breast
cancer [28]. One study in young women found older age
at first birth to be associated with reduced risk of triple-
negative breast cancer but not ER+ breast cancer [29]. A
study of risk factors for IBC found that associations with
nulliparity and older age at first livebirth did not vary by
menopausal status, but were associated with statistically sig-
nificant reductions in risk of ER— but not ER+ IBC; these
factors were not significantly associated with either ER+ or
ER—- LABC [30].

U.S. women born in 1935 (aged 66 in 2001) tended to
have larger families (with 4 or more children being the
most frequent (37%)) than women born in 1960 (aged 41 in
2001), for whom two births per family was the most com-
mon (35%) [31]. Hispanic and black women have long been
more likely than white women to begin childbearing at an
earlier age, with this disparity increasing over time [32].
Among U.S. women, the median age at first birth increased
from about 22 years for women born in 1939 (who would
be aged 62 in 2001) to 26 years for women born in the
late 1960s (approximately 33 years in 2001), after which
it declined to about 25 years for birth cohorts through the
mid-1970s (approximately 28 years in 2001) and then rose
again to about 27 years for birth cohorts through the early

@ Springer

1980s (approximately 21 years in 2001) [32]. The general
decline in the number of children and increase in age at first
birth over the generations might contribute to the decline in
incidence rates of ER— IBC. These changes may also con-
tribute to the increase in risk of ER+ pre-menopausal breast
cancers, but not necessarily to declining trends in older ER+
breast cancer or ER— other types of breast cancer.

Obesity has been associated with increased risk of hor-
mone receptor-positive post-menopausal breast cancer and
reduced risk of hormone receptor-positive pre-menopausal
breast cancer. No associations in pre- or post-menopausal
women have been reported for hormone receptor-negative
breast cancer [33]. Obesity has been linked to a more sub-
stantial increase in risk of IBC than other types of breast
cancer in both pre- and post-menopausal women and those
with ER+ and ER— breast cancer [30]. Age-period-cohort
analyses of obesity prevalence among U.S. women showed
an increase in the prevalence of obesity of 21.6 percent
between 1984 and 2014; this was determined to be a period
effect, which was similar across sex and racial/ethnic groups,
although somewhat larger among African Americans [34].
The increasing prevalence of obesity is not consistent with
any of the trends we report except the generally increasing
rates of other localized breast cancer in older women. Dia-
betes is a more tentative risk factor for breast cancer, but
it has been associated with increased risk of IBC, LABC,
and other advanced tumors in elderly women [35], although
these results were not completely adjusted for BMI. The
entire increase in prevalence of diabetes among women in
the United States between 1976 and 1980 and 2007-2010
was accounted for by changes in age, race/ethnicity, and
BMI [36].

In conclusion, rates of both ER+ and ER— IBC have
declined since the turn of the twenty-first century, except
for ER+ tumors among women younger than age 45. There
were no striking differences in trends with other breast can-
cer types, except for ER+ localized breast cancer in older
women. We did not have data to assess why these changes
are occurring, but it may be that decreasing parity and rising
prevalence of older age at first birth contribute to declin-
ing rates of ER— IBC. Otherwise, the patterns of chang-
ing risk factors, including the rising prevalence of obesity,
which has been associated with increased risk of both ER+
and ER— IBC, do not appear consistent with the trends we
observed. These results suggest that further studies of IBC
are necessary to identify risk factors and possible preventive
strategies.
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