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Abstract
Introduction—Pseudoangiomatous stromal hyperplasia (PASH) is a benign localized fibrotic
lesion in which clusters of spindle cells form cleft-like spaces, resembling ectatic vessels. Its
relationship to breast cancer risk has not been characterized.

Methods—Histological presence of PASH was evaluated by review of archival slides in a single
institution cohort of women who underwent benign excisional breast biopsy from 1967-1991.
Relative risks for subsequent breast cancer were estimated using standardized incidence ratios
(SIR), comparing the observed number of cancers with those expected based on Iowa SEER data
(mean follow-up 18.5 years).

Results—PASH was identified in 579/9065 biopsies (6.4%). Women with PASH were younger,
more likely to have a palpable mass as indication for biopsy, and had less lobular involution
compared to those without PASH (all p<0.001), while they did not differ by family history of
breast cancer or degree of epithelial proliferation. Breast cancers occurred in 34 women with
PASH (5.9%) and 789 without (8.8%). Women with PASH had lower risk of breast cancer (SIR
1.03, 95% CI 0.71 to 1.44) than those without PASH (SIR 1.54, 95% CI 1.43 to 1.65), p=0.01.
Lower levels of breast cancer risk for the PASH group persisted in analyses stratified by age,
family history, epithelial proliferation, and involution. The cancers in the PASH group occurred
predominantly in the ipsilateral breast greater than five years after biopsy.

Conclusions—Despite clinical concern generated by palpable density often associated with
PASH, this relatively uncommon histological finding does not connote increased risk of
subsequent breast cancer.
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Introduction
Pseudoangiomatous stromal hyperplasia (PASH) is a benign stromal lesion of the breast
characterized by dense collagenous stroma forming capillary-like spaces lined by slender
spindle cells. First described by Vuitch et al in 1986[1], PASH is a relatively rare clinical
problem. Since its original description, most information on PASH has consisted primarily
of case reports [2-5] with a few moderate size case series more recently [6-8]. There are two
primary clinical presentations- either distinct nodular growth or diffuse enlargement of the
breast.[3,9] Despite the relative rarity of PASH as symptomatic breast disease, it can also
present as a mammographic density at screening,[8] and microscopic PASH may be much
more common as a histologic finding in breast tissue.

In one retrospective histologic review of 200 consecutive benign or malignant breast
specimens, Ibrahim et al reported microscopic PASH in 23% of specimens, with
multifocality in 60% of cases [10]. In contrast, a later report indicated a frequency of clinical
PASH in only 7 of 1661 breast biopsies (0.4%) [11]. This discrepancy raises questions about
the true frequency of PASH and its possible association with breast cancer. In this report, we
describe the frequency of histologic PASH in a large cohort of women with benign surgical
breast biopsy and the relationship of PASH to subsequent breast cancer risk.

Methods
Study population

The Mayo Benign Breast Disease Cohort consists of 9087 women age 18 to 85 years who
underwent surgical excisional biopsy of a benign breast lesion at the Mayo Clinic between
January 1967 and December 1991 for whom follow-up information could be obtained; this
cohort previously has been described in detail.[12,13] Information on family history and
other possible risk factors for breast cancer was obtained from a study specific
questionnaire. A family history of breast cancer was categorized as follows: 1) Strong- at
least one first-degree relative with breast cancer before the age of 50 years or two or more
relatives with breast cancer (at least one a first degree relative), 2) Weak- any family history
lesser than the definition of strong, or 3) None. Follow-up for breast cancer events was
obtained through questionnaire data as well as the inpatient and outpatient medical record.
All study procedures were reviewed and approved by the Mayo Clinic institutional review
board.

Histologic review
Archived hematoxylin-and-eosin stained sections from each case were secured and reviewed
by a single breast pathologist who was blinded to the initial histologic diagnoses and
subsequent patient outcomes. Biopsy findings were classified into customary major
histologic categories of benign breast disease according to the criteria of Dupont and Page
[14] as nonproliferative changes (NP), proliferative changes without atypia (PDWA), and
proliferative changes with atypical hyperplasia (AH). In addition, the degree of lobular
involution in the background breast lobules was characterized as none, partial (1-74% of
terminal duct lobular units [TDLUs]), or complete (75% or more).[15]

PASH
PASH cases were defined based upon the microscopic review that was performed by the
dedicated study pathologist for all 9087 benign biopsies. PASH status could be determined
for 9065 of the 9087 eligible subjects (22 cases had no background breast tissue to assess).
PASH was defined as a well demarcated nodule comprised of dense collagen with increased
numbers of cytologically benign spindle shaped cells arranged around clefted spaces,
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resembling ectatic vessels (Figure 1). The lesions contained epithelial lobules having a
simplified (unfolded) architecture, with enlarged microcystic acini and edematous stroma.
To be defined as PASH in the cohort we required that the lesion incorporate at least three
lobules and comprise the majority of a low magnification field (4X objective).

Statistical analysis
Data were descriptively summarized using frequencies and percents for categorical variables
and means and standard deviation for continuous variables. We compared presence versus
absence of PASH across levels of categorical variables (including age at biopsy, year of
biopsy, indication for biopsy, category of epithelial proliferation, extent of lobular
involution, family history of breast cancer, and presence of concomitant fibroadenoma)
using chi-square tests of significance. All variables found to be univariately associated with
PASH status were then included in a multivariate logistic regression analysis to assess
associations independent of other effects.

The duration of follow-up was calculated as the number of days from biopsy of the benign
lesion to the date of the diagnosis of breast cancer, death, or last contact. Additional
censoring events included prophylactic mastectomy and lobular carcinoma in situ (LCIS).
We estimated relative risks (RR) using standardized incidence ratios (SIRs) and
corresponding 95% confidence intervals (CI), dividing the observed numbers of incident
breast cancers by population-based expected counts. We calculated these expected counts by
apportioning each woman’s follow-up into 5-year age and calendar period categories,
thereby accounting for differences associated with these variables. We used the Iowa
Surveillance, Epidemiology, and End Results (SEER) registry as the reference population
because of its geographic proximity and its demographic similarities to the Mayo Clinic
population (80% of cohort members reside in the upper Midwest).[12] Over 95% of our
cohort was Caucasian, equivalent to that reported in Iowa census data during the study
period. SIRs were calculated for the presence/absence of PASH in general and also for
subgroups defined by PASH with other demographic and histologic variables. We assessed
potential heterogeneity in SIRs across subgroups using Poisson regression analysis, with the
log transformed expected event rate for each individual modeled as the offset term.
Statistical tests were two-sided and analyses were conducted using SAS (SAS Institute, Inc.,
Cary, NC) software.

Results
Clinical characteristics

Among 9065 benign surgical breast biopsies, 579 (6.4%) had histologic PASH. Compared to
women with other benign breast disease, women whose biopsies showed PASH were
significantly younger and more frequently had a palpable lump as the indication for biopsy
(Table 1). A family history of breast cancer was present at similar frequency among women
with and without PASH. Data on indication for biopsy were missing in 558 women, but
there was no significant difference in the frequency of missingness between those with
PASH (8%) and those without (6%).

Histologic findings
The overall histologic category of benign breast disease findings (reflecting the degree of
epithelial hyperplasia) was not significantly different between women with and without
PASH, with approximately two-thirds nonproliferative disease, one third proliferative
disease without atypia, and ~3% atypical hyperplasia (Table 1). Complete lobular involution
was significantly less common in women with PASH (only 3.7% with >75% involution
compared to 22.9% in those without PASH, p<0.001) and this remained significant with
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multivariate adjustment. Findings on lobular involution were unavailable for 609 women
(less than 1% of the PASH group and 7% of the remaining cohort) due to lack of adequate
background breast tissue in these samples to assess this histologic feature. Fibroadenoma
was present less frequently in biopsies with PASH (8.5%) compared to those without PASH
(24.9%, p<0.001).

Breast cancer risk
Mean follow up time for the cohort is 18.5 years. Despite longer mean follow up among
those with histologic PASH than those without (19.8 years versus 18.4 years, p=0.0005), the
proportion of women that developed a subsequent breast cancer was lower for those with
PASH (34/579=5.9%) compared to those without PASH (789/8486= 9.3%, Table 2). When
breast cancer risk was standardized to the baseline cancer incidence in the comparison Iowa
SEER population (which also accounted for length of follow up), women with histologic
PASH did not have a higher risk of breast cancer than the general population (SIR 1.03,
95% confidence interval 0.71-1.44), while the remaining women with benign breast disease
did (SIR 1.54, 95% CI 1.43-1.65, test for heterogeneity in SIRs p=0.01). Lower levels of
breast cancer risk for women with PASH persisted in subgroup analyses stratified by age,
family history, epithelial proliferation, and lobular involution (Table 2 and Figure 2). In the
subgroup with both PASH and atypical hyperplasia, breast cancer risk was not lower, but the
risk estimate has wide confidence intervals due to small subsample size (n=17). Similarly,
there were only 21 patients with both PASH and complete involution, limiting results in this
subgroup. The overall general trend in subgroup analyses was toward lower risk in women
with PASH, although confidence intervals overlapped in many subgroups due to small
numbers of subjects and breast cancer events in subsets.

Among the 34 breast cancers that developed in women with PASH, 8 were DCIS, 23 were
invasive, and 3 were unknown. The proportions of DCIS and invasive cancer were not
significantly different in women with and without PASH (Table 3). The time interval
between benign biopsy and subsequent breast cancer was similar regardless of the presence
of PASH, with 85% diagnosed more than five years after benign biopsy, showing strong
similarity to the time course of cancers developing in the SEER comparison general
population (Figure 3). The few cancers that occurred within the first five years after biopsy
showed no predilection for occurrence in the ipsilateral breast that had undergone biopsy.
However, there was a striking difference in the laterality of later breast cancers between
women with and without PASH. Among the women with PASH, 84.6% of the cancers
diagnosed after five years occurred in the ipsilateral breast compared to 50.3% in the
ipsilateral breast for women whose benign biopsies did not show PASH (p=0.001).

Discussion
We have evaluated the histological presence of PASH in a large retrospective cohort of
women who underwent surgical breast biopsy, for whom long term follow-up on cancer
events is known. The primary findings of our study are that 1) PASH is an infrequent but not
rare major pathologic finding, present in ~6% of benign surgical breast biopsies, and 2)
PASH appears to indicate a lower than average risk of subsequent breast cancer among
benign breast disease findings and thus should not be considered a component or
manifestation of proliferative breast disease (in which risk is related to epithelial
proliferation).

Our study confirms the predominantly palpable presentation of PASH in premenopausal/
perimenopausal women during our study timeframe. Nearly all of our patients were less than
55 years of age (88%) and the majority (71%) had a palpable abnormality as indication for
their biopsy. Women with PASH were significantly younger than the remainder with non-
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PASH benign breast disease. In this limited sense, PASH is clinically similar to other
fibroepithelial lesions, especially fibroadenoma, that develop in younger age populations.

Other clinical manifestations of PASH remain incompletely studied. Initial reports described
cases presenting in premenopausal women as a palpable mass which were treated with
mastectomy occasionally [3,5]; among cases treated with excision the disease recurred
infrequently [1]. The size of individual lesions can vary from small masses near one
centimeter to bulky and rapidly enlarging masses that can simulate locally advanced
malignancy [10,11]. More recent reports have described the imaging findings of PASH
cases, including some that present clinically as a non-palpable mammographic abnormality
[8,16,17].

There are a few reports describing clinical management of PASH in small- to moderate-
sized series of patients with PASH. Ferreira et al reported 26 cases of PASH, with one case
(4%) harboring concomitant cancer- this patient had a 4 cm mass with a 1.4 cm hypoechoic
suspicious area within the larger mass.(7) In addition, they described 8 patients diagnosed
with core biopsy who were followed successfully without excision who had stable disease at
2 years follow-up. In another series of 22 patients, no cancers were associated with PASH,
and five women who did not undergo excision had no growth or recurrence at 4 years of
follow-up.(6) The largest series on clinical management of PASH cases was presented by
Hargaden et al with 149 patients, some who presented with a clinically palpable concern
(n=90) and some mammographically detected (n=59).(8) Cancer was associated with PASH
in 4% of the cases; all of these had mammographic calcifications. The majority (89%) of
lesions were surgically excised, with only 16 patients who had a core biopsy and clinical
surveillance. With four years of follow-up, they reported no subsequent cancers detected at
the site of PASH. In summary, the published experience on patients with unresected PASH
is limited, but the available evidence supports a clinical recommendation for core needle
biopsy for initial diagnosis and proceeding to surgical excision for lesions that are
symptomatic, enlarging clinically, or have suspicious imaging findings (BIRADS 4 or 5).

Frequency of PASH has been evaluated in relatively small series of cases that were highly
selected by sample type or detection method which partly accounts for widely discrepant
reported frequencies of PASH. Another factor in variable reported frequencies is the lack of
consensus opinion about minimal diagnostic criteria for PASH in pathologic specimens.
Ibrahim et al included foci as small as individual lobules in their definition, which probably
accounts for the high observed incidence in their series of specimens - 23%.[10] Our study
employed an arbitrary size threshold for diagnosis that required involvement of multiple (at
least 3) lobular units, which may explain the lower case frequency observed in our series.
The size cutoff in this study (about 3mm) would likely have permitted inclusion of
subclinical examples in the series. It is important to emphasize in this context that PASH
clearly represents a fairly broad clinicopathologic spectrum, ranging from incidental
microscopic finding to a sizeable or symptomatic mass.

Our data suggest that the pathogenesis of PASH is fundamentally different from that of
proliferative breast lesions such as duct hyperplasia or adenosis. Rather than a proliferation
of epithelial cells, histologically PASH is a proliferation of myofibroblastic cells.[9] For this
reason, some have suggested that it should be renamed nodular myofibroblastic stromal
hyperplasia.[19] In a general sense, pathologists understand myofibroblasts to be fibroblasts
that have become activated by cytokines and growth factors as a component of the
inflammatory and wound healing response. As opposed to fibroblasts, they have increased
secretory activity (proteases and extracellular matrix proteins). They also have contractile
filaments - mostly actin – which are thought to mediate motility and wound closure.[20]
These changes have been considered analogous to macrophage activation. PASH may

Degnim et al. Page 5

Ann Surg Oncol. Author manuscript; available in PMC 2011 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



represent a situation where stromal fibroblasts have become activated, resulting in both
cellular proliferation and oversecretion of collagen (which is dense and overabundant in
PASH). An epithelial-stromal interaction is strongly suggested, since the lobules in PASH
are not normal. They are architecturally simplified and embedded in the stromal
proliferation as an integral part of the process.

There is evidence that hormones play a role in PASH, with common progesterone staining
of PASH stromal cells. [9] [21] In an early characterization of estrogen and progesterone
staining in five cases of PASH, all five showed patchy but intense staining of stromal cells
with progesterone receptor antibodies, in contrast to normal mammary stroma which showed
no progesterone receptor staining.[16] In a later sample of 14 specimens, some variability in
estrogen and progesterone receptor staining was seen, with stromal nuclei negative for both
in five cases, two cases positive for both estrogen and progesterone receptors, five positive
for progesterone only, and two for estrogen only.[9] A hormonal etiology is also supported
by the higher frequency of PASH in premenopausal women and by one reported case where
PASH improved dramatically with tamoxifen treatment. [22]

Reported associations with oral contraceptives or hormonal replacement therapy and cases
with rapid tumor growth all suggest that PASH may reflect exaggerated hormonal
responsiveness of breast tissue in affected patients. Given the retrospective nature of our
cohort, data on oral contraceptive and hormone replacement therapy use were missing for
the majority of women, so we were not able to directly evaluate such associations with
PASH. Our subjects with PASH were significantly younger than women with other benign
breast disease, in keeping with divergent pathogenesis for PASH and epithelial lesions.
Furthermore, PASH lesions did not segregate more frequently with proliferative as opposed
to non-proliferative biopsies. Finally, we identified no evidence that PASH was associated
with clinical markers of increased risk, such as family history of disease.

To the contrary, subjects with PASH in our cohort were significantly less likely to develop
breast malignancy than those without. We identified no clinical, epidemiological or
histological association with PASH that might explain this negative correlation. It should be
noted, however, that there is less understanding of markers of low risk for breast cancer,
such as decreased mammographic density, compared to high risk markers. Therefore further
study of women and breast tissue with PASH might improve insight into factors and
mechanisms that inhibit mammary tumorigenesis. On the other hand, the strong ipsilateral
predilection for subsequent breast cancer more than five years after biopsy suggests that the
presence of PASH may somehow represent a permissive stromal environment that facilitates
breast carcinogenesis locally in epithelial cells once they have progressed along a pathway
of proliferation. A growing body of literature supports the critical role of the stroma in
promoting mammary neoplasia.[23,24] Perhaps the host hormonal environment that leads to
development of PASH discourages breast carcinogenesis in global ways via suppression of
epithelial proliferation, while the myofibroblasts or secreted cytokines in the
microenvironment of PASH promote carcinogenesis locally in the event that epithelial
proliferation does occur. These paradoxical findings on PASH and its global versus local
breast cancer risk deserve validation and further investigation, with potential for insight into
epithelial-stromal interactive mechanisms of breast cancer development.

Synopsis

Pseudoangiomatous stromal hyperplasia (PASH) occurs as a major histologic finding in
~6% of surgical breast biopsies. Women with PASH do not have an increased future risk
of breast cancer.
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Figure 1.
Photomicrograph of PASH at 100X magnification. Defining histologic features include
dense collagen (marked with ⇨) with increased numbers of cytologically benign spindle
shaped cells arranged around clefted spaces, resembling ectatic vessels (marked with →).
The epithelial lobules have a simplified (unfolded) architecture, with enlarged microcystic
acini and edematous stroma.

Degnim et al. Page 9

Ann Surg Oncol. Author manuscript; available in PMC 2011 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Risk of breast cancer by combinations of PASH status and other demographic and clinical
characteristics. Relative risks are calculated using standardized incidence ratios (SIRs),
comparing the observed number of breast cancer events with the number expected on the
basis of Iowa SEER data. Panel A examines age; Panel B, family history of breast cancer;
Panel C, degree of epithelial proliferation; and Panel D, extent of lobular involution.
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Figure 3.
Observed and expected (population average) cumulative breast cancer incidence, by levels
of PASH status. Expected events calculated by applying age- and calendar period-stratified
person years of observation among all women in the cohort to corresponding Iowa SEER
breast cancer incidence rates. Observed and expected events cumulated after accounting for
death as a competing risk.
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Table 1

Demographic and Clinical Characteristics by PASH Status

NO (N=8486) YES (N=579) p value1 p value2

Age at Benign Biopsy <0.001 <0.001

  <45 2662 (31.4) 309 (53.4)

  45 - 54 2360 (27.8) 203 (35.1)

  55+ 3464 (40.8) 67 (11.6)

Family History of Breast Cancer 0.116

(missing, n=39) 37 2

  None 5625 (66.6) 360 (62.4)

  Weak 2014 (23.8) 153 (26.5)

  Strong 810 (9.6) 64 (11.1)

Indication for Biopsy <0.001 0.005

(missing, n=558) 513 45

  Lump 4722 (59.2) 379 (71)

  Mammogram 3251 (40.8) 155 (29)

Epithelial Proliferation 0.606

  Non-proliferative 5643 (66.5) 394 (68)

  Proliferative without atypia 2538 (29.9) 168 (29)

  Atypical hyperplasia 305 (3.6) 17 (2.9)

Lobular Involution <0.001 <0.001

(missing, n=609) 604 5

  None 1481 (18.8) 98 (17.1)

  Partial (1-74% TDLU) 4595 (58.3) 455 (79.3)

  Complete (>75% TDLU) 1806 (22.9) 21 (3.7)

Fibroadenoma <0.001 <0.001

(missing, n=65) 62 3

  NO 6325 (75.1) 527 (91.5)

  YES 2099 (24.9) 49 (8.5)

1
Values displayed as number (percent). Numbers may not always sum to column totals due to missing values for some subjects. P-values based on

chi-square test of significance.

2
P-value from multivariate logistic regression adjusting for age, year of biopsy, indication for biopsy, number of breast biopsies, lobular involution,

and fibroadenoma. Only variables univariately significant were included in the multivariate analysis.
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Table 3

Tumor attributes by PASH Status among those developing cancer

NO
(N=789)

YES
(N=34)

p value

Breast Cancer Type 0.292

   Invasive 581 (81.7) 23 (74.2)

   In situ 130 (18.3) 8 (25.8)

Tumor Type, Invasive Cancers 0.521

  Ductal 301 (61.2) 16 (76.2)

  Lobular 59 (12) 2 (9.5)

  Mixed Ductal and Lobular 64 (13) 2 (9.5)

  Other 68 (13.8) 1 (4.8)

Time to Breast Cancer 0.436

  <5 Years 159 (20.2) 5 (14.7)

  5+ Years 630 (79.8) 29 (85.3)

Laterality of Cancer 0.003

  Ipsilateral 372 (53.2) 25 (80.6)

  Contralateral 327 (46.8) 6 (19.4)

Laterality of Cancer (Cancer <5 Years after Biopsy) 0.833

  Ipsilateral 93 (64.6) 3 (60.0)

  Contralateral 51 (35.4) 2 (40.0)

Laterality of Cancer (Cancer 5+ Years after Biopsy)

  Ipsilateral 279 (50.3) 22 (84.6) 0.001

  Contralateral 276 (49.7) 4 (15.4)

Values displayed as number (percent). P-values based on chi-square test of significance. Numbers may not always sum to column totals due to
missing values for some subjects.
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