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Abstract

Introduction: Needle biopsy is essential for definitive diagnosis of breast malignancy.
Significant histologic changes due to tissue damage have been reported in solid tumors. This
study investigated the association between time from needle biopsy and inflammation in breast
tumors.

Methods: A total of 73 stage |-l invasive breast cancer cases diagnosed by image-guided needle
biopsy who had surgery as their first definitive treatment were retrospectively analyzed. Time from
biopsy to surgical excision ranged from 8 to 252 days. Histological sections of surgically resected
tumors with a visible needle tract were reviewed by histologic evaluation. Data were analyzed by
McNemar’s test for proportional differences, and the Benjamini-Hochberg procedure was used to
assess the association between immune cell prevalence and clinical variables.
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Results: Characteristic histology changes, including foreign body giant-cell reaction, synovi-al-
cell metaplasia, desmoplastic repair changes, granulation tissue, fat necrosis, and inflammation,
were frequently detected adjacent to the needle tract. Spatial comparison indicated that a higher
proportion of cases had neutrophils, eosinophils, and macrophages adjacent to the needle tract
than tumors distant from it. The presence of inflammatory cells adjacent to the needle tract was
not associated with time from biopsy or subtype. Still, plasma cells were associated with residual
carrier material from biopsy markers.

Conclusion: Macrophages and eosinophils are highly abundant and retained adjacent to the

needle tract regardless of time from the biopsy.
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Introduction

Breast cancer is the most commonly diagnosed malignancy worldwide [1, 2]. Historically,
symptomatic palpable breast cancers were diagnosed by a one-step intraoperative procedure,
in which definitive diagnosis was given in the operating room [3]. Better health education
and successful mammography screening programs markedly increased the number of
asymptomatic cases with small suspicious lesions [4], which led to the adoption of a

two step-procedure where surgery is scheduled only after the malignancy is definitively
diagnosed by needle biopsy [3]. Needle biopsy collects a relatively large amount of tissue
to ascertain tumors’ histologic and molecular subtypes, which help determine the course of
treatment. Preoperative diagnosis by needle biopsy for the increased volume of suspicious
cases presented a significant advantage over the one-step intraoperative procedure by
reducing the number of invasive procedures [3]. However, needle biopsy-related histologic
changes have been reported [5, 6].

Sampling tissue using a 9- to 14-gauge biopsy needle and placing a biopsy marker into the
resulting cavity lead to responses pertinent to wound healing and foreign body reaction [7].
Thus, inflammation, hemorrhage, fat necrosis, granulation tissue, necrosis, and foreign body
giant-cell reaction have been reported as common histologic changes in the area adjacent to
the needle tract [6]. The appearance of reactive spindle cell nodules composed of atypical
spindle cells and atypical duct-like structures have also been frequently reported in biopsied
breast tumors. These cytokeratin-negative cellular structures were networked with blood
vessels, macrophages, and lymphocytes, exhibiting moderate nuclear polymorphism with
low mitotic count [5]. Aside from such reactive changes, cancer cell displacement (i.e.,
needle tract seeding) along the needle tract into adjacent tissue due to needle retraction has
also been reported [8, 9]. While biopsy-induced inflammation in response to tissue damage
is expected, the prevalence of the individual inflammatory cell types and their temporal
presence in biopsy wounds of breast tumors are largely unknown. Thus, the primary
objective of this study was to evaluate spatial and temporal features of biopsy-associated
inflammatory cells in malignant breast tumors.
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Materials and Methods

Institutional Review Board approval was obtained at the University of Oklahoma Health
Science Center (#6234). A total of 73 surgically resected stage I-II breast carcinomas

that had undergone needle biopsy followed by surgery as their first definitive treatment
between 2015 and 2020 were retrieved from the pathology archive at the University of
Oklahoma Health Science Center. Cases with tissue containing DCIS only, inflammatory
breast cancer, other concurrent malignancies, or the absence of a visible needle tract

were excluded from the study. Electronic medical records were reviewed to obtain patient
demographics (race, age, sex), diagnosis (subtype, Ki67, histology grade, stage), and

other clinical factors (comorbidity and BMI). Tumor histologic grade was determined
according to the Protocol for the Examination of Specimens From Patients With Invasive
Carcinoma of the Breast (ver. 4.4.0.0) [10]. Tumor subtype was classified as luminal

A (estrogen receptor [ER]+/progesterone receptor [PR]+/HER2-, Ki67 <15%), luminal

B (ER+/PR+/HER2+, Ki67 215%), HER2+ (ER-/PR-/HER2+), and triple negative
(ER-/PR-/HER2-) based on immunohistochemical staining positivity (ER, PR, HER2,
and Ki67). Patient race/ethnicity was categorized as White, Black, or Hispanic. BMI was
calculated based on each patient’s height and weight at the time of diagnosis (weight [kg]/
height [m]2). Comorbidities were categorized based on the following types of disorders:
cardiovascular, endocrine, gynecologic, hematologic, hepatic, hypertension, inflammatory/
rheumatic, neurologic, osteoporosis, and psychiatric disorders. Diabetes was determined
based on diagnosis code or medications reported in each patients’ medical chart. Time after
biopsy was defined as days from the first needle biopsy to surgery. Surgically resected,
formalin-fixed paraffin-embedded tissue sections (4 um thickness) were stained with H&E
and reviewed by a board-certified pathologist. Inflammatory cells were categorized as acute
(neutrophils, eosinophils) or chronic (plasma cells, lymphocytes, and macrophages). The
prevalence of each inflammatory cell type per field of view was microscopically counted
from multiple fields on low (x4) magnification to arbitrarily score the highest count for each
category as 0 (absent), 1 (1-5 cells), 2 (6-19 cells), and 3 (=20 cells) in an area adjacent

to the biopsy needle tract or in tumor distant from it to differentiate biopsy-triggered
inflammatory response from background inflammation. High (x40) magnification was used
to confirm cytology. We defined residual biopsy cavity, necrotic area, or direct biopsy
damage within the tumor tissue as a prior biopsy site. Carcinoma tissues in the area
surrounding the aforementioned post-biopsy site within a 5-mm radius were defined as
adjacent to the needle tract (AN). Carcinoma tissue at least 1 mm away from the area
included in the AN was defined as distant from the needle tract (DN).

Statistical Analysis

Pathology scores for each inflammatory cell were dichotomized as 0 versus 1-3.
McNemar’s test was used to determine the proportional difference in the prevalence of
immune cells between the tumor adjacent to the biopsy needle tract (AN) and the tumor
distant from it (DN). Wilcoxon signed-rank sum test was used to compare the differences
between median days after biopsy by dichotomized pathology scores. Histograms represent
the number of cases with the presence of inflammatory cells AN and DN as a function of
time after biopsy. A simple logistic regression model was employed to find the univariate

Pathobiology. Author manuscript; available in PMC 2024 February 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McCarty et al.

Results

Page 4

association between the prevalence of inflammatory cells and four independent variables
(days after the biopsy, biopsy marker, ER status, HER2 status), and the false discovery
rate-adjusted (FDA) p values were calculated using the Benjamini-Hochberg procedure. All
statistical analyses were performed using R 4.0.4. Significance was defined as p < 0.05.

Patient Characteristics

A total of 73 stage I-Il invasive breast cancer cases whose tumors were diagnosed by
image-guided core needle or vacuum-assisted biopsy using 9-14 G needle and surgically
resected prior to adjuvant therapy were included. Only cases with a visible needle tract
were included in this study (Table 1). The average age of patients at the time of diagnosis
was 62.2 years. The cohort was composed of pT1 (76.7%) and pT2 (23.3%); pN-

(80.8%), pN+ (15.1%), and pN- unknown (4.1%). Luminal A/B breast tumors were the
predominant subtype. Approximately 86.3% (/7= 63) of cases had at least one of the

listed comorbidities. Hypertension was the most common, followed by endocrine/metabolic
disorder, inflammatory/rheumatic disorder, and cardiovascular disorder. Approximately 14%
of cases were diabetic. The average time (in days) from biopsy to surgery was 34 days,
ranging from 8 to 252 days.

Histologic Changes Adjacent to the Needle Tract

There were marked foreign body giant-cell reactions with macrophage aggregation around
the needle tract in 53.4% (n7= 39) cases (Fig. 1a). Organized granulation tissue with the
presence of fibroblasts and concomitant chronic inflammation was seen in 20.5% (7= 15) of
cases (Fig. 1b). Metaplastic synovial mucosa lining the biopsy cavity was present in 12.3%
(n=9) of cases (Fig. 1c). Vascular-rich granulation tissue with extensive angiogenesis AN
was present in 20.5% (n7=15) of cases (Fig. 1d). Foreign material, which represents residual
carrier material from a biopsy marker, was also present inside the biopsy cavity in 60.2% (n
= 44) of cases (Fig. 1e). Fat necrosis (18%) and hemosiderin deposition (2.7%) were also
observed (Fig. 1f).

Sustained Inflammation Is Present around the Needle Tract

The number and proportion of specimens with individual inflammatory cell types detected
AN and DN are shown in Table 2. A portion of specimens had higher levels of neutrophils
and eosinophils present within the AN than DN (Fig. 2a, b), which accounted for a
proportional difference of 20.5% (p = 0.001) and 24.7% (p = 0.002), respectively (Table
2). Among chronic inflammatory cells, macrophages were more frequently detected at the
AN than DN, with a proportional difference of 26.0% (p = 0.001; Fig. 2c). However,

no significant proportional difference was detected in other chronic inflammatory cells
(plasma cells and lymphocytes), as they were equally abundant at both sites (Fig. 2d, e).
Thirteen cases displayed overlapping presence of acute inflammatory cells and macrophages
at the AN. To examine the relationship between time after biopsy and inflammation, cases
with inflammatory cells present at the AN and DN were plotted as a function of time

after biopsy (Fig. 3). Acute inflammatory cells, neutrophils (n = 6), and eosinophils (7

= 11) remained present even over a month after biopsy, albeit at a lower frequency. The
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distribution of lymphocytes and plasma cells by time after biopsy showed considerable
similarity between the AN and DN; however, macrophages were more abundant in the AN
than DN regardless of time after biopsy (Fig. 3). The Wilcoxon signed-rank test indicated
that there was not a statistically significant difference between the presence of inflammatory
cells at both the AN and DN by time after biopsy. Additionally, a simple logistic regression
model indicated that there was no association between needle sizes and inflammatory

cells (data not shown). Further logistic regression analysis showed no association between
time after biopsy (as continuous variable) and inflammatory cell presence at the AN,
indicating that inflammatory cells were present at the AN regardless of time after biopsy
(Table 3). Consistently, additional analysis using a generalized linear model supported the
prevalence of eosinophils and macrophages at the AN, even after adjustment for time from
biopsy as continuous variable (online suppl. Table. 1; for all online suppl. material, see
www.karger.com/doi/10.1159/000524668). Thus, these data collectively suggest prolonged
retention of both macrophages and eosinophils at the AN.

Biopsy Marker Was Associated with the Presence of Inflammatory Cells

Univariate logistic regression showed that residual carrier material from biopsy marker at the
AN was associated with the presence of neutrophils (OR = 4.044; p=0.043), eosinophils
(OR =4.135; p=0.007), and plasma cells (OR = 5.5; p=0.001; Table 3). Statistical
significance remained for the association with plasma cells even after FDA adjustment
(p=0.043). However, breast cancer subtypes, either ER/PR- or HER2- status, were not
associated with differences in the presence of any types of inflammatory cells (Table 3).

Discussion

Needle biopsy is a standard procedure to extract a small fraction of tissue using a

relatively large-gauge needle for breast cancer diagnosis. Disruption of tissue integrity
instigates the wound healing cascade, in which inflammation is an essential part of four
distinct sequential phases (hemostasis, inflammatory, proliferation, and remodeling) [11,
12]. Typically, the inflammatory phase progresses in a timely and orderly fashion as
neutrophils and eosinophils, defined as acute response, are first recruited to damaged tissues
[12]. Macrophages follow upon the disappearance of neutrophils and attract fibroblasts

by releasing cytokines and chemokines [13, 14]. The wound healing cascade has been
investigated in depth using models for incisional and excisional wounds as well as burns on
the skin [15]. Yet, the detailed progression of the wound healing cascade in solid tumors
has remained unexplored. Inflammation has been reported as a common histologic change
at the site where biopsy was performed [6, 16]; we analyzed both spatial and temporal
patterns of inflammation using post-biopsy breast tumors. A spatial comparison of the
presence of inflammatory cells showed that a high proportion of cases have eosinophils
and macrophages AN compared to DN, even after adjustment for time after biopsy. For
neutrophils, we were unable to perform statistical analysis due to the absence in the

most of cases, presumably attributable to their short lifespan in the tissue. Based on the
dogma of timely progression of the inflammatory phase in the wound healing cascade,

the inflammatory phase subsides over time as infiltrating immune cells either dislodge

or undergo apoptosis [13]. Thus, the prolonged presence of macrophages and eosinophils
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indicated a delayed healing process at the post-biopsy site within the tumor. We did not
find an association between the prolonged presence of macrophages and eosinophils and
breast cancer subtypes. Further study to determine a possible driver of such pathologically
delayed healing, either host immunity or tumor biology, would add a new dimension to our
understanding of the wound healing process within breast tumors.

Preoperative diagnosis unquestionably creates a range of intervals between diagnosis
(needle biopsy) and definitive treatment (surgery or therapy). The possible risk of disease
progression during the interval between biopsy and definitive treatment as well as the
outcome was investigated in the 1950-1960s [17-20]. Recent studies have addressed
histologic changes pertinent to needle biopsy. Histological examination of 352 surgically
resected tumors showed tumor displacement (needle tract seeding) in 32% of cases
following biopsy with 11- to 14-gauge needles [21]. A systematic review of 15 studies
from 1900 to 2008 identified tumor displacement in 22% (150/667) of patients after 11-

to 14-gauge needle biopsy [22]. During a biopsy, cancer cells may be displaced in the
needle tract, although the local recurrence at the site of the needle tract is low [21].
Additionally, Weber et al. [23] reported an increased level of M2 macrophages in biopsied
tumors compared to their matched biopsy sample in oral squamous-cell carcinomas (7

= 34) regardless of the time after biopsy (mean = 15 + 9.6 days). Chen et al. [24]

reported an increase in Ki67 in surgically resected breast tumors during the time after
biopsy (mean = 4.5 days) compared to matched biopsy samples. These studies suggested
possible changes in both the tumor microenvironment and cancer cells following biopsy.
Our study found an abundance of macrophages at the post-biopsy site for a more extended
period (mean = 34 + 28.8 days) than former studies. The macrophage phenotype transition
from MO—M1—M2 is a physiologic response for tissue repair. While M2¢ specialized
for wound healing and tumor-associated macrophages (TAMs) with the M2 phenotype

are distinctly classified, their biologic roles are substantially similar in mediating cellular
proliferation and angiogenesis through secretion of cytokines, chemokines, and growth
factors [14, 25]. Given the association between M2 TAMs and poorer prognosis [26-28], it
is critical to understand the temporal and spatial information regarding the M2/M1 balance
at the post-biopsy site along with possible changes in neighboring cancer cells.

Interestingly, neutrophils, eosinophils, and plasma cells were associated with visible carrier
material from the biopsy marker. Biopsy clips, typically composed of a titanium or steel
radio-enhancer coated with biocompatible and biodegradable material, are placed into the
biopsy cavity to assist surgeons in identifying the location of malignant tumor at the time

of surgery [29, 30]. Biodegradable materials such as f-glucan, PGEylated-hydrogel, and
bovine collagen that coat a biopsy clip swell within the cavity to prevent movement for as
long as 6 months [31]. Thus, a positive association between acute inflammatory and plasma
cells with visible carrier material from biopsy markers may represent a foreign body reaction
[32]. Unexpectedly, none of the listed comorbid conditions showed an association with
altered extent or duration of inflammation following biopsy (data not shown), even comorbid
conditions such as diabetes or inflammatory disorders that manifest a pro-inflammatory
state that commonly impedes or delays the healing process [33]. Our study focused on the
longevity of each immune cell type at the post-biopsy site based on their histologic features
but did not address the subset prevalence. Further investigation to identify specific immune
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cell subsets will advance our understanding of the inflammatory and wound healing process
in breast tumors.
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Fig. 1.
H&E images of common histologic changes observed around the needle tract. a Giant-cell

reaction with macrophage aggregation. b Granulation tissue with the presence of fibroblasts.
¢ Metaplastic synovial mucosa lining the biopsy cavity. d Vascular-rich granulation tissue. e
Residual carrier material from biopsy marker inside the biopsy cavity. f Fat necrosis. Scale
bars, 200 pm.
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Fig. 2.

chE images of inflammatory cells adjacent to the biopsy needle tract. a, b Neutrophils

and eosinophils were present 31 days after the biopsy. ¢, d Macrophages and lymphocytes
remained present 56 days after the biopsy. e Plasma cell-rich area adjacent to the needle tract
25 days after the biopsy. Scale bars, 50 pm.
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Fig. 3.

Histograms represent cases with the presence (blue) or absence (green) of each
inflammatory cell at AN or DN in the function of days after the biopsy. p value was
calculated by Wilcoxon signed-rank test.
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Patients demographic

Table 1.

and tumor characteristics

%

Total, n
Age, years
BMI

Race, n
White

African American
Hispanic

Native American
Unknown

Clinical stage, n
1

Lymph node, n
Negative

Positive
Unknown

Histology grade, n
1

2
3

Subtype, n
Luminal A

Luminal B
HER2+

Triple Negative
Unknown

Time after biopsy, 7
<15 days

16-30 days
>31 days

Comorbidity, 7
Cardiovascular

Endocrine/metabolic
Gynecologic
Hematologic

Hepatic

Hypertension
Inflammatory/rheumatic
Neurologic
Osteoporosis
Psychiatric

Comorbidity count, 7
0

73
62.2+10.8 (42-83)
29.9+6.8 (16-45)

61 83.6
6 8.2
3 41
1 1.4
2 2.7
55 75.3
18 247
59 80.8
11 15.1
3 41
16 21.9
32 438
25 34.2
45 61.6
10 13.7
1 1.4
16 21.9
1 14
8 11.0
33 452
32 438
22 30.1
26 35.6
7 9.6
5 6.8
2 2.7
36 49.3
22 30.1
7 96
7 9.6
8 11.0
10 13.7
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%
1 22 30.1
2 19 26.0
>3 22 30.1
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