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Abstract

Purpose—To determine whether presenting sonographic features of invasive ductal carcinomas
(IDC) are associated with patient age, tumor histologic grade, and hormonal receptor status.

Methods—Sonographic features of 101 consecutive cases of IDC seen at ultrasound were
retrospectively assessed based on the BI-RADS criteria of posterior acoustic appearance, tumor
margins, and echogenicity. Associations between sonographic features and tumor characteristics
were statistically evaluated with attention to patient age.

Results—IDC with shadowing compared with unchanged posterior acoustic appearance were
significantly more likely to be of low histologic grade (Odds Ratio [OR] = 5.00; p < 0.05) and
estrogen receptor (ER) -positive (OR = 10.00; p < 0.05). Conversely, posterior enhancement was
associated with ER-negative status (OR = 4.45; p < 0.01), particularly among patients younger
than 60 years of age (OR =5.36, p < 0.05). Circumscribed tumors were more often high grade,
particularly among older women (p < 0.01), and hormone receptor--negative regardless of age
group. Among older women, tumors with mixed echogenicity tended to be high grade and
progesterone receptor--negative (p values < 0.05). Noncircumscribed borders were observed for
all tumors with posterior shadowing, and 97% of such tumors were also ER positive.

Conclusions—Sonographic features were significantly associated with tumor grade and
hormone receptor status, with some differences based on patient age. Specifically, the presence of
posterior shadowing was associated with lower histologic grade and ER-positive status, especially
in older patients. In contrast, we found that posterior acoustic enhancement was more commonly
associated with ER-negative status, especially in younger patients.
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Treatment and prognosis for breast cancer varies based on histologic grade and biological
markers such as estrogen receptor (ER), progesterone receptor (PR), and human epithelial
growth factor receptor 2 (HER-2).12 Accurate and early characterization of breast cancer,
based on these prognostic indicators, is helpful in treatment planning. Ultrasound is a
commonly used adjunct to mammography in the evaluation of clinically or
mammographically suspicious breast lesions.2 Sonography provides information on acoustic
properties useful in characterizing a breast mass, which assists in the diagnosis and
management of breast lesions. Using acoustic properties to predict biologic features such as
histologic grade and hormone receptor expression allows more confident early treatment and
management. For example, lesions with characteristics suggestive of a high-grade tumor,
which are more prone to have lymph node metastases,! may influence the decision to
perform fine-needle aspiration of lymph nodes with borderline appearance at the time of
ultrasound-guided biopsy. Additionally, sophisticated tests such as receptor analyses are not
readily available outside the United States, whereas ultrasound is a commonly used
inexpensive modality. Being able to predict grade and receptor status may allow clinicians
to be more selective and cost efficient in evaluating breast lesions.

Previous attempts to correlate ultrasound characteristics of invasive ductal carcinoma (IDC),
the most common type of breast cancer, with prognostic indicators have been inconclusive
or contradictory.®® This may be in part due to age-related differences in the ultrasound
characteristics of breast tissue.” To our knowledge, no study has addressed the impact of
patient age on the relationships between ultrasound characteristics and breast tumor biologic
features. Therefore, the purpose of this retrospective study was to investigate the
associations between sonographic features and biologic features of invasive ductal
carcinomas and whether they are impacted by patient age.

MATERIALS AND METHODS

Institutional Review Board approval was obtained from our institution.

Patient Selection

Ultrasound

Female breast cancer patients diagnosed during 2008 and 2009 with IDC, not otherwise
specified, were identified from our institution’s tumor registry. Clinical data, ultrasound
images, and pathologic data were reviewed for the 101 patients who had ultrasound images
available for study.

Ultrasound scans were performed using either a General Electric LOGIQ 7 or a General
Electric LOGIQ 9 unit (General Electric Healthcare, Milwaukee, WI) with a 10-14-MHz
linear transducer. Real-time spatial compounding was not utilized to avoid suppression of
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potentially beneficial artifacts, such as acoustic enhancement. Ultrasound tumor images
were reviewed for this analysis by two radiologists and characterized by consensus. The
sonographic characteristics of posterior acoustic features, tumor margins, and echogenicity
were assessed according to BI-RADS criteria.® Posterior features were classified as
shadowing if echogenicity posterior to the tumor was mostly darker than surrounding breast
tissue at the same depth, enhancement if mostly brighter, and no change if not significantly
different than surrounding breast tissue at the same depth. Margins were categorized as
circumscribed if well-defined or sharp, with an abrupt transition between lesion and
surrounding tissue. Tumor echogenicity was classified as hypoechoic if uniformly darker
than surrounding breast tissue, hyperechoic if uniformly brighter, and mixed if the tumor
contained both hypoechoic and hyperechoic components.

Histologic Analysis

The resected tumors were fixed, stained, and examined to determine histologic type based
on World Health Organization criteria.® Tumor grade was classified according to the
Notting-ham’s grading system 1-3 for invasive cancers.19 For the purpose of this study,
grades 1 and 2 were considered lower grade, whereas grade 3 was considered higher grade.
E-cadherin stains were used to differentiate lobular from ductal cancers in cases of an
equivocal histological appearance. Estrogen and progesterone receptor status were identified
using immunohistochemistry stains. On pathology results, the ER or PR status was classified
as positive if nuclear staining was present in >10% of nuclei, borderline if nuclear staining
was between 1% and 10%, and negative if staining was seen in <1% of nuclei. For the
purpose of this study, the few tumors with borderline hormone receptor expression status
were considered negative due to their similar clinical behavior. HER-2 (proto oncogene
Neu) receptor status was initially tested by immunohistochemical stains (Dako Hercep Test).
Membrane staining seen in 0% to <10% of the invasive tumor cells was considered 0
(negative), partial membrane staining in >10% cells was considered 1+ (negative), complete
membrane staining of >10% cells was considered as 2+ (equivocal), and strong membrane
staining of >30% cells was considered 3+ (positive). Equivocal cases were further assessed
by fluorescence in situ hybridization test (Abbott Laboratories, Abbot Park, IL), in which an
HER-2 gene copy number per chromosome 17 centromere ratio of >2.2 was consistent with
gene amplification and <1.8 was considered unamplified. A ratio between 1.8 and 2.2 was
considered equivocal.

Statistical Methods

Descriptive statistics were generated for clinicopathologic and ultrasound characteristics.
Associations between characteristics were examined using Fisher’s exact test and with
regression modeling techniques (logistic, with and without interaction terms; polytomous/
multinomial where outcome was multinomial; and exact logistic regression to handle zero
cells). We also used recursive partitioning to explore interactions that might be predictive of
clinicopathologic features for inclusion in multivariable regression models. Associations
between age and ultrasound features were explored in regression modeling with age as a
continuous variable and various age categories/quantiles, and using interaction terms. Tests
of statistical significance were two-tailed, with alpha 0.05. Results presented are statistically
significant unless otherwise stated and p values are provided in the text only if not also
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given in a table. We used Stata/IC statistical software version 10.0 (STATACorp LP,
College Station, TX) for all reported analyses, plus the rpart!! package in R v.2.13.112 to
explore classification trees.

Patient Population and Clinicopathologic Characteristics

Study population (n = 101), tumor characteristics, and ultrasound imaging features are
presented in Table 1. Mean age at diagnosis was 60.1 £10.3 years (range, 34—88; median,
60). A total of 60% were European American, 36% were African American, and 4% were
Hispanic. Tumors diagnosed in African-American patients were significantly more likely to
be of ER expression--negative status and higher histologic grade, typical of female invasive
breast cancer cases in South Carolinal3; however, imaging features did not vary
significantly by race (data not shown). HER-2 status was not significantly associated with
any sonographic feature and therefore is not detailed in this report.

Sonographic Characteristics

In addition to results with all cases combined, analyses are presented stratified by age (using
median age of 60 years as cut-point) because of clinical relevance, even though the
interactions with age were not statistically significant.

Posterior Acoustic Features—Among women of all ages combined, unchanged
posterior signal (44 cases, 43.6%; Table 1) was more common than either shadowing (33
cases, 32.7%) or enhancement (24 cases, 23.8%). Tumors with shadowing or unchanged
posterior acoustic properties were more often of lower histologic grade and positive ER
status (Table 2). Enhancement was associated with negative ER status (Figure 1) but did not
distinguish grade or PR status. With unchanged posterior signal as the referent for regression
modeling, shadowing was significantly associated with positive ER status and enhancement
with negative ER status. In age-stratified analysis, among women of age 60 years and older,
where enhancement was uncommon, shadowing strongly predicted positive ER status and
also lower grade.

Tumor Margins—Analysis of tumor margins revealed that most tumors (N = 83; 82%)
were noncircumscribed. Circumscribed tumors were significantly more likely to be high
grade (compared with lower grade) and to be ER-negative and/or PR-negative. When
stratified by age, the significant association with grade was restricted to older women but
was observed for ER and PR status regardless of age group.

Echogenicity—Most tumors (N = 91; 90%) were hypoechoic. No uniformly hyperechoic
tumor was found in our case series. Tumor echogenicity characteristics were not associated
with any particular clinicopathologic features when compared for all ages. However, when
stratified by age, among older women, mixed echogenicity was significantly associated with
high histologic grade and negative PR status.
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Multivariable Prediction of Hormone Receptor Status and Grade Based on
Sonographic Features—We found substantial differences in several odds ratios between
univariable (Table 2) and multivariable models (Table 3), implying underlying correlations
between sonographic features and tumor characteristics, although no statistically significant
interactions were identified by regression modeling or suggested by recursive partitioning
analysis.

In multivariable regression models including all three sonographic features plus patient age,
no sonographic feature independently and significantly predicted histologic grade, although
we did observe an almost significant trend toward high grade with circumscribed margins (p
= 0.052), consistent with univariable analyses. Negative PR status was predicted by
circumscribed margins. However, ER status was significantly predicted by the independent
characteristics of posterior features and tumor margins. This is illustrated in Figure 1, where
most tumors with enhancement, and particularly with both enhancement and circumscribed
margins, were ER negative (Spearman’s p correlation = 0.368; p < 0.001). By contrast, all
tumors with posterior shadowing also had noncircumscribed borders and 97% of such
tumors with known ER status were ER positive.

Although noncircumscribed borders and hypoechogenicity were more commonly associated
with low-grade and hormone receptor-positive tumors, particularly among older women,
these sonographic features were not statistically significantly correlated, perhaps in part due
to small numbers.

DISCUSSION

A major role of breast ultrasound is to assist in the diagnosis and characterization of breast
lesions, specifically differentiating between benign and malignant breast masses. Being able
to predict the likelihood of histologic grade or hormone receptor status by imaging
characteristics may also have implications for management.14 Results from previous studies
attempting to correlate ultrasound characteristics and tumor grade have varied. Historically,
the majority of malignant breast masses (70-80%) were felt to have posterior acoustic
shadowing at ultrasound.® However, it is now widely accepted that IDC may have a
variable posterior acoustic appearance ranging from shadowing to unchanged to
enhancement. The results of this study revealed associations with posterior acoustic
properties and perhaps echogenicity were impacted by age. Specifically, the presence of
posterior shadowing was associated with lower histologic grade and ER-positive status,
especially in older patients. In contrast, we found that posterior acoustic enhancement was
more commonly associated with negative ER status, particularly in younger patients.

Correlating posterior acoustic properties and histology is a complex multifactorial problem
likely dependent on factors such as cellular structure, stromal reaction, and the way the
tumor cells form the interfaces with the surrounding breast tissue.16-18 These factors may
vary with histologic subtype, grade of tumor, and other factors such as patient age and type
of the parenchymal breast tissue in which the tumor resides.
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Traditionally, a malignant breast mass was expected to exhibit poorly defined or spiculated
margins and the presence of this finding may be considered a poor prognostic indicator in
prospectively differentiating benign from malignant masses. However, studies have since
demonstrated well-defined margins are more likely to represent higher grade tumors,® and
posterior enhancement to represent high-grade and negative ER status.19 Our results are
consistent with these findings, although in our patients it was noncircumscribed margins that
predicted lower grade, the associations with circumscribed tumors being more equivocal.
Stronger relationships were observed between circumscribed tumors and negative hormone
receptor expression status, and with high grade in older patients. The combination of
enhancement and circumscribed margins was highly predictive of ER-negative status.
Conversely, posterior shadowing with noncircumscribed borders strongly predicted ER-
positive status.

A hypoechoic or mixed echogenic appearance has been described with most malignant
breast masses.20 Among our cases, mixed echogenicity was rare (10% of all cases). No
uniformly hyperechoic tumors were present in our study, possibly related to the relatively
small patient population given that this appearance has been reported in only a minority
(4.1%) of tumors.” A statistical association was found with tumor grade and with PR status,
in contrast to reports by others,” but this was only among older women and based on small
numbers.

Our analyses do not indicate that combining all three sonographic features will greatly
enhance predictive capability of tumor grade or ER status, because a majority of models
identified only one sonographic feature and no statistically significant interaction between
features was observed.

Our results were based on retrospective review and to avoid bias we included all consecutive
patients with IDC undergoing sonographic evaluation. One disadvantage of ultrasound is its
high intra- and interobserver variability.2! To minimize this variability, we had two
radiologists interpret the sonographic findings by consensus. An additional limitation of this
study is the relatively small sample size, specifically, the small number of younger patients
(only 14 younger than 50 years of age) and of tumors with circumscribed borders or
nonhypoechogenicity. Given the hormonal influence on the breast in terms of sonographic
appearance and the average age at menopause in the US of 51.3 years,22 more patients in the
younger age group would have been beneficial. Future work should focus on
clinicopathologic predictors of sonographic characteristics specific to younger patients and
include more variability in HER-2 status.

In conclusion, sonographic features were found to be significantly associated with tumor
grade and hormone receptor status, with some differences based on patient age. Almost half
of the tumors examined evidenced no change in posterior features, but among the remainder
shadowing was associated with lower histologic grade and positive ER status; in contrast,
enhancement was more commonly observed with negative ER status. Circumscribed tumors
were significantly associated with high-grade and negative hormone receptor expression
status, particularly in older patients. Enhancement and circumscribed margins combined
were especially predictive of ER-negative status; conversely, posterior shadowing with
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noncircumscribed borders strongly predicted ER-positive status. This knowledge may allow
clinicians to predict histologic grade and hormone receptor status more accurately based on

SO
Su

nographic properties, allowing earlier planning for future imaging,19 procedures, or
rgery. Additionally, these findings may allow for more selective and cost-efficient

evaluation of breast lesions in settings where receptor expression analysis may not be readily
available.
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Estrogen receptor status, posterior acoustic features, and tumor margins.
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TABLE 1

Patient, Tumor, and Ultrasound Characteristics

All Cases(N=101) N (%) Age<60years(N=48)N (%) Age60+years(N =53)N (%) pVaIue*

Patient characteristics

Age (years)

Mean + SD 60.1+10.3 51.6 £6.3 67.7+6.6 —
Median; range 60; 34-88 52; 34-59 66; 60-88
Race: White 61 (60.4%) 29 (60.4%) 32 (60.4%) NS

Tumor characteristics

Histologic grade

I 19 (19.2%) 8 (17.0%) 11 (21.1%) NS
It 47 (47 5%) 20 (42.6%) 27 (51.9%)
I 33 (33.3%) 19 (40.4%) 14 (26.9%)
Not available 2 1 1

ER/PR expression status
ER+/PR+ 57 (58.8%) 27 (57.4%) 30 (60.0%) NS
ER+/PR2 13 (13.4%) 5 (10.6%) 8 (16.0%)
ER2/PR+ 5 (5.2%) 4 (8.5%) 1(2.0%)
ER2/PR2 22 (22.7%) 11 (23.4%) 11 (22.0%)
Not available 4 1 3

HER2 amplification
Positive (3+) 8 (8.5%) 6 (13.0%) 2 (4.2%) NS
Negative (0, 1+, 2+) 86 (91.5%) 40 (87.0%) 46 (95.8%)
Not available 7 2 5

Sonographic characteristics

Posterior acoustic features
No change 44 (43.6%) 19 (36.6%) 25 (47.2%) <0.05
Shadowing 33 (32.7%) 12 (25.0%) 21 (39.6%)
Enhancement 24 (23.8%) 17 (35.4%) 7 (13.2%)

Margins
Noncircumscribed 83 (82.2%) 43 (89.6%) 40 (75.5%) NS
Circumscribed 18 (17.8%) 5 (10.4%) 13 (24.5%)

Echogenicity
Hypoechoic 91 (90.1%) 44 (91.7%) 47 (88.7%) NS
Hyperechoic 0 0 0
Mixed 10 (9.9%) 4(8.3%) 6 (11.3%)

*
Student’s t test, XZ test, or Fisher exact test where any cell had five or fewer cases. A p value is not provided for age, as being inappropriate.

Abbreviation: NS, not significant.
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