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Background. On imaging, malignant breast masses are commonly associated with spicules. To the best of our 
knowledge, the clinical significance of such spiculae has not been previously studied, and no surgical guidelines are 
available for the management of mammographically detected spiculations.
Patients and methods. Between April 2018 and December 2019, all consecutive breast-conserving surgery -pa-
tients with invasive malignant lesions, who required intraoperative radiological breast specimen assessment with 
tomosynthesis, were retrospectively included in this analysis. The tumors were classified into two groups: those with 
spiculated margins as the dominant feature, and those with other distinct morphological characteristics. Spicule 
visualization, length, and distribution were evaluated in both groups using pre- and intraoperative imaging and com-
pared with the histopathological features of the spicules.
Results. In total, 162 invasive lesions were evaluated. The presence of spicule-associated additional tumor foci was 
a common finding; 67.6% of the spiculated tumors and 48.9% of the other tumors had additional foci. Most additional 
tumor foci were within 1 cm of the tumor edge. The mean pathologically measured distance from the main tumor 
margin to the spicule-associated additional tumor foci was 4.3 ± 2.8 mm. Compared to the maximum spicule length 
determined from intraoperative images (9.5 ± 5.1 mm), the distance of actual tumor infiltration was much shorter, and 
a very weak correlation was observed.
Conclusions. Breast tumor spicules harbor additional tumor foci, which may lead to margin positivity and potential re-
operation. Additional research is necessary to determine the actual tumor burden and clinical significance of spicules.
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Introduction

Breast cancer is a heterogeneous disease that can 
be multifocal in nature, irrespective of tumor size 
or histology, which poses challenges in its man-

agement. Early results on mastectomy specimens 
showed that only 37% of T1–2 invasive breast can-
cers were unifocal, while the rest had additional tu-
mor foci.1 Such additional foci can lead to positive 
resection margins after breast-conserving surgery 
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(BCS), and thus, an increased risk of reoperation or 
local recurrence. This highlights the importance of 
thorough preoperative assessment to identify any 
additional tumor foci that might not be apparent 
upon initial examination. Based on our own obser-
vations, most occult tumor foci detected after BCS 
are localized within tumors’ spicules.

A spiculated breast lesion can be defined as a 
mass or architectural distortion with thin lines 
radiating from its margins.2 Spicules are common 
in malignant breast lesions yet can be observed in 
both benign and malignant breast processes.2 The 
exact mechanisms underlying malignant spicule 
formation beyond the tumor mass are not fully 
understood, and its clinical significance is un-
known. It is speculated that spiculation involves 
two time-dependent steps: cancer cell invasion 
initially associated with a desmoplastic stromal 
reaction, followed by adipose tissue invasion and/
or involvement of Cooper’s ligaments by carcino-
ma tissue.3 Adipose tissue can release hormones 
and active adipokines that participate in the reg-
ulation of the immune response, cancer metabo-
lism, and energy balance.4,5 Adipocyte–cancer 
cell crosstalk is important for the desmoplastic 
reaction, which might contribute to spiculation.6 
Furthermore, the extracellular matrix is not a pas-
sive bystander in cancer progression.7 Collagen 
fibers create pathways that cancer cells can use 
to invade the environment.8 Consequently, spic-
ules are not only connective tissues but may also 
contain tumor cells.8 Since focal invasion begins 
at the base of the spicule, it has been suggested 
that tumor cells should be more abundant at the 
spicule’s base than at its end.8

Spiculations pose also a challenge for imag-
ing. Mammographic features cannot reliably dif-
ferentiate whether the spiculated lesion is benign 
or malignant, resulting in the need for a biopsy 
unless the lesion is indisputably postsurgical fi-
brotic tissue.9 Spiculations are difficult to detect in 
dense breast.3 Although spicules are usually vis-
ible on full-field digital mammography (FFDM), 
summations from normal fibroglandular tissue 
might hinder the evaluation of spicules on conven-
tional mammograms.8 Digital breast tomosynthe-
sis is a three-dimensional imaging modality that 
eliminates tissue superimposition and provides 
a clearer view of the lesion and its margins and 
spicules as well as associated architectural dis-
tortions, making it easier to differentiate spicules 
from the summations of the fibroglandular tissue.8 
Furthermore, tomosynthesis has recently been 
shown to be superior to other mammographic 

imaging modalities for the evaluation of resected 
specimens.10

To the best of our knowledge, no studies have 
been conducted to assess (and no guidelines are 
available on) the surgical removal of mammo-
graphically detected spicules or the frequency of 
occurrence of tumor foci in spicules. Therefore, 
this study was designed to evaluate the frequency 
and nature of additional occult malignant lesions 
and their relationship with spicule size and quan-
tity, as visualized by specimen tomosynthesis.

Patients and methods
Study population

The study population comprised consecutive BCS 
patients with invasive malignant lesions who re-
quired radiological intraoperative breast specimen 
assessment with tomosynthesis at our tertiary uni-
versity hospital between April 2018 and December 
2019. Patients who received neoadjuvant chemo-
therapy were excluded from this study. The Chair 
of the Hospital District waived the need to obtain 
written informed consent from patients owing 
to the retrospective nature of the analysis. Some 
patients were included in previously published 
studies, in which the accuracy of different speci-
men radiography techniques was evaluated.10,11 
All investigations were conducted by experienced 
breast radiologists and surgeons according to the 
relevant national guidelines and principles of the 
Declaration of Helsinki.

All patients were evaluated preoperatively with 
a minimum of two-view mammography and bi-
lateral breast ultrasound (US). Suspicious lesions 
were evaluated using additional lateral and spot-
compression views and/or tomosynthesis as need-
ed. All mammograms were re-evaluated upon re-
ferral by a specialized breast radiologist, and fur-
ther workup was performed if deemed necessary. 
The patients underwent US- or stereotactic-guided 
core or vacuum-assisted biopsies and were histo-
logically diagnosed with invasive breast cancer. If 
lesions were found in both breasts, each specimen 
was evaluated separately. 

Lesion localization and surgery

Non-palpable tumors were localized preopera-
tively using at least one guidewire and excised 
en bloc from the subcutaneous area to the mus-
cle. The overlying skin was removed in patients 
with superficial lesions. Intraoperatively, the 
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specimens were placed on a Styrofoam slab, fixed 
with wooden sticks and the location of the exci-
sion was anatomically marked. Metallic clips were 
placed directly on the specimens to indicate their 
orientation. The fascia posterior to the tumor was 
removed and fixed aside if removed separately. 
The specimen was then placed in a plastic con-
tainer and immediately transported to the Breast 
Radiology Unit, where the margins were evaluat-
ed intraoperatively to ensure the removal of both 
the tumor and spicules to achieve a healthy lateral 
macroscopic surgical margin of ≥ 1 cm from the 
tumor’s edge, in accordance with national guide-
lines, and hence to achieve microscopically nega-
tive margins (defined as no “tumor-on-ink”).

Histopathological evaluation

The specimens were measured and photographed, 
and ink was applied to their margins. Subsequently, 
the specimens were sliced either in the frontal or 
sagittal planes at 5 mm intervals, depending on 
the size of the specimen. Histopathological data, 
including the margin status, tumor size, histo-
logical grade, estrogen receptor (ER) status, pro-
gesterone receptor (PR) status, human epidermal 
growth factor receptor 2 (HER-2) status (using both 
immunohistochemistry and chromogenic in situ 
-hybridization), and the Ki-67 proliferation index, 
were evaluated and recorded in a structured man-
ner. For this study, two specialized pathologists 
(OJ and VK) retrospectively reviewed the surgical 
specimens for spicule histology. The presence of 
spicules and whether they contained in situ and/or 
invasive carcinoma was evaluated. Furthermore, 
the distance between these additional lesions and 
the index tumor’s margin was measured. The can-
cers were classified into four subtypes according 
to the St. Gallen consensus panel.12 

Imaging protocol and analysis

Patients were referred to our hospital for consulta-
tion and treatment from two screening units, two 
district hospitals and multiple primary healthcare 
centers representing a catchment area of approxi-
mately 250,000 people. In general, basic breast ex-
aminations were performed in accordance with 
national guidelines, that include a minimum of 
two-view FFDM, a lateral view on the affected side 
combined with spot compression orthogonal views 
or DBT, depending on the availability of equip-
ment, followed by bilateral whole-breast and ax-
illary ultrasound examinations. Intraoperatively, 

each specimen was imaged bare, without tissue 
compression by 2D FFDM in craniocaudal and 
lateral projections (Selenia Dimensions® breast 
tomosynthesis system, Hologic Inc., Bedford) fol-
lowed immediately by tomosynthesis (images 
reconstructed into a series of 1-mm-thick slices 
at 1-mm intervals). One of the two experienced 
breast radiologists (AM or MS) retrospectively and 
blindly evaluated each preoperative mammogram 
and recorded the dominant radiological features 
of the lesions using the fifth edition of the Breast 
Imaging Reporting and Data System (BI-RADS) 
lexicon.13 Additionally, the preoperative two-view 
mammograms and intraoperative specimen to-
mosynthesis images were evaluated by one of the 
two experienced breast radiologists (HO or MS) 
who were blinded to the clinical and pathological 
features of the lesions. To minimize possible bias, 
the observers analyzed the pre- and intraoperative 
images separately, with a minimum interval of 
two weeks in between. The presence, distribution, 
quantity, maximum length, and thickness of spic-
ules were evaluated. According to their margins, 
tumors were divided into spiculated and non-spic-
ulated groups. A spiculated tumor was defined as 
a mass with lines radiating from its margins as a 
dominant morphological feature. A tumor with 
morphologically circumscribed, microlobulated, 
angular or indistinct margin was referred to as 
“non-spiculated tumor”, even though it may exhib-
it a few spicules along certain sections of its edge.

Statistical analysis

All statistical analyses were performed using 
SPSS for Windows version 29 (IBM Corporation, 
Armonk, NY, USA). Statistical significance was 
set at P < 0.05. Pearson’s correlation coefficient or 
McNemar’s test was used to assess the associa-
tion between the features of spicules on pre- and 
intraoperative images as well as the relationship 
between the measurements by the imaging mo-
dalities and histopathology. Cohen’s Kappa was 
used to assess the agreement between the distri-
bution of the pathologically and radiologically cat-
egorized measurements. Pearson’s χ2 test was used 
to examine differences in the frequency of cancer 
subtypes and the presence of additional tumors in 
spicules between spiculated and non-spiculated 
masses. An unpaired t-test or analysis of variance 
(ANOVA) was used to assess the mean difference 
in the radiological and pathological measurements 
in relation to the presence of biomarkers such as 
ER, PR, HER-2, Ki-67, and histological grade, as 
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An r-value of 0.75–1 indicated a very strong cor-
relation, an r-value of 0.50–0.75 indicated a strong 
correlation, an r-value of 0.25–0.50 indicated a 
weak correlation, and an r-value ≤ 0.25 indicated a 
very weak correlation.14

Results 

A total of 162 invasive lesions from 156 women 
(mean age: 63.0 ± 10.2 years, range: 33–95 years) 
fulfilled the inclusion criteria and were evaluated. 
The patient and tumor characteristics are present-
ed in Table 1, and the mammographic characteris-
tics of the tumors are presented in Table 2. 

A summary of the features of the spicules ob-
served in the pre- and intraoperative images is 
shown in Table 3. There was no statistically sig-
nificant difference in the presence or distribution 
of spicules between the pre- and intraoperative 
images. However, there was a statistically sig-
nificant difference and a strong positive correla-

TABLE 1. Characteristics of the patients and tumors

Number (%)

Patients 156

Lesions 162

Mean age, years (range) 63.0 ± 10.2 (33–95)

Histology

   Invasive ductal 125 (77.2)

   Invasive lobular 29 (17.9)

   Others* 8 (4.9)

Size of tumor, mm (range) 16.2 ± 10.0 (2–60)

Grade

   1 51 (31.5)

   2 87 (53.7)

   3 24 (14.8)

T-stage

   T1 122 (75.3)

   T2 38 (23.5)

   T3 2 (1.2)

N-stage

   N0 117 (72.2)

   N1 39 (24.1)

   N2 5 (3.1)

   N3 1 (0.6)

ER status

   Positive 149 (92.0)

   Negative 13 (8.0)

PR status

   Positive 144 (88.9)

   Negative 18 (11.1)

HER-2 status

   Positive 11 (6.8)

   Negative 151 (93.2)

Ki-67 status

   Lower (≤ 14 %) 60 (37.0)

   Higher (> 14 %) 101 (62.3)

   Data missing 1 (0.6)

The data are shown as the number (percentage) or the mean ± 
standard deviation (range).

Others* = invasive micropapillary carcinoma, papillary carcinoma, 
mucinous cancer x 4, medullary like and cribriform carcinoma.

ER = estrogen receptor;  PR = progesterone receptor; HER-2 = human 
epidermal growth factor receptor 2

well as the mean difference in tumor size in rela-
tion to the presence of additional tumors in spic-
ules.

TABLE 2. Mammographic features of the tumors and the 
lesion descriptions according to Breast Imaging Reporting 
and Data System (BI-RADS) 5th

Breast composition Number (%)

   A 49 (30.2)

   B 84 (51.9)

   C 26 (16.0)

   D 3 (1.9)

Findings

   Mass 128 (79.0)

   Calcification 25 (15.4)

   Architectural distortion 6 (3.7)

   Asymmetry 2 (1.2)

   Invisible on mammography 1 (0.6)

Mass shape

   Oval 14 (10.9)

   Round 61 (47.7)

   Irregular 53 (41.4)

Mass margin

   Circumscribed 3 (2.3)

   Obscured 3 (2.3)

   Microlobulated 31 (24.2)

   Indistinct 23 (18.0)

   Spiculated 68 (53.1)

Data are shown as the number (percentage).



Radiol Oncol 2025; 59(2): 168-175.

Tuomainen H et al. / Malignant breast tumors with spicules often contain additional foci172

tion between the pre- and intraoperative images 
was found regarding the number and maximum 
length of the spicules.

The mean pathologically measured distance 
from the main tumor margin to the additional spic-
ule-associated tumor was 4.3 ± 2.8 mm. Compared 
to the maximum spicule length measured in the 
intraoperative images (9.5 ± 5.1 mm), the distance 
of actual tumor infiltration was much shorter, and 
the correlation was very weak (P = 0.055, r = 0.234). 

In terms of their distance from the main tu-
mor margin, most tumors in the spicules were < 
5 mm away (55, 60.4%), some were 5–9 mm away 
(30, 33.0%), and a small proportion were ≥ 10 mm 
away (6, 6.6%). The distribution of spicule lengths 
in the preoperative images was as follows: 38 
(39.2%) were < 5 mm in length, 34 (35.1%) were 

5–9 mm in length, and 25 (25.8%) were ≥ 10 mm in 
length. The pathologically and radiologically cat-
egorized measurements showed significantly dif-
ferent distributions (P = 0.002) and no agreement 
(P = 0.66, κ = 0.04). The types of tumors found in 
the spicules were as follows: no additional tumor 
(70, 43.2%), invasive only (34, 21.0%), in situ only 
(31, 19.1%), and both invasive and in situ (27, 16.7%). 
Representative images are shown in Figures 1–3.

Tumors that had spicules containing additional 
tumor material were statistically larger than those 
that did not have spicules containing additional 
tumor material (17.9 ± 11.6 vs. 13.8 ± 6.9 mm, respec-
tively, P = 0.006).

None of the tested biological markers (i.e. ER, 
PR, HER-2, Ki-67, or grade) showed any signifi-
cant relationship with the distribution, number, or 

TABLE 3. Presence and distribution of spicules in the pre- and intraoperative images

Pre (%) Intra (%) P value (r*)

Number of spicules 12.2 ± 6.3 13.0 ± 6.2 < 0.001 (0.577)

Maximum length of spicules (mm) 7.3 ± 5.0 9.5 ± 5.1 < 0.001 (0.564)

Presence of spicules 0.648

   Yes 97 (59.9) 100 (61.7)

   No 65 (40.1) 62 (38.3)

Radial distribution of spicules 0.192

   < 25 % 8 (8.2) 7 (7.0)

   25–50 % 23 (23.7) 22 (22.0)

   50–75 % 21 (21.6) 18 (18.0)

   75–100 % 45 (46.4) 53 (53.0)

* = Pearson’s coefficient; Intra = intra-operative images; Pre = pre-operative images

The data are shown as the mean ± standard deviation or the number (percentage).

TABLE 4. Distribution of tumor subtypes and presence of additional tumor material in spicules in relation to spiculated mass

Spiculated (%) Non-
spiculated (%) P value

Subtype

0.016

   Luminal A 28 41.2 32 34.0

   Luminal B 39 57.4 46 48.9

   HER-2 enriched 1 1.5 8 8.5

   Basal 0 0 8 8.5

Presence of additional tumor in spicules

0.018   Yes 46 67.6 46 48.9

   No 22 32.4 48 51.1

HER-2 = human epidermal growth factor receptor 2
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length of spicules, the presence of additional tu-
mors in spicules, or their distance from the main 
tumor margin.

Table 4 summarizes the distribution of the tu-
mor subtypes in relation to spiculation and the 
presence of additional tumors in the spicules. 
Luminal A and B tumors more frequently present-
ed with spiculation as a dominant feature (χ2 = 10.4, 
P = 0.016), and more additional tumors were found 
in spiculated masses (χ2 = 5.6, P = 0.018) compared 
to non-spiculated tumors. 

Discussion

The results of this study suggest that the presence 
of spicule-associated tumor foci is a common find-
ing in breast cancer, irrespective of the length or 
quantity of the spicules. Furthermore, in this study, 
the overwhelming majority of these additional foci 
were within 1 cm of the tumor edge. These results 
strongly imply that spiculation is not insignificant 
and should be reported and included in the pre-
operative surgical plan. To the best of our knowl-
edge, there have been no previous studies on this 
issue, and no surgical guidelines are available for 
the management of mammographically detected 
spiculations.

Even though residual microscopic disease after 
surgery will most likely be eradicated by post-
surgical adjuvant treatments, the presence of posi-
tive margins after resection significantly increases 
the risk of local relapse. Spiculated tumors have 
been linked to an increased risk of ipsilateral re-
currence3,15, although low-grade tumors are more 
likely to exhibit a spiculated margin compared 
to rapidly growing high-grade tumors.16 In addi-
tion, during imaging, the appearance of low-grade 
tumors is influenced by the presence of tumor-
associated fibrous connective tissue (i.e., the des-
moplastic reaction).17 However, Moriuchi et al.3 
found no statistically significant differences in the 
10-year disease-free or overall survival rates be-
tween patients with spiculated and non-spiculated 
masses.3 Tabar et al.18 reported that small (1–14 mm) 
spiculated tumors were associated with excellent 
long-term survival.

While the routine removal of all spicules dur-
ing surgery might decrease the risk of positive 
margins, it will result in larger resection, more 
complex surgery, potentially inferior aesthetic re-
sults, and lower patient satisfaction. Reoperation 
rates vary significantly among centers and sur-
geons, with an average rate of 20%.19 Our results 

may explain the high frequency of positive mar-
gins reported after lumpectomy.20 Cavity shaving 
has been shown to reduce the positive margin and 

FIGURE 1. A 14 mm spiculated invasive ductal carcinoma (IDC) excised en bloc 
with spiculations. A tomosynthesis specimen radiogram at the level of the tumor 
documents the total removal of both the guidewire localized tumor (A; arrow) 
and the associated spicules (arrowheads). The histopathological analysis (B, H&E; 
10 x magnification) showed that all the spicules contained additional tumors: the 
spicule shown in the red box contained IDC (100 × magnification); one spicule 
contained ductal carcinoma in situ (DCIS) (blue box, 150 × magnification); other 
spicules contained both DCIS and IDC in green (100 x magnification) and yellow 
(150 x magnification) boxes.

A

B

FIGURE 2. A mammogram of a nonpalpable, spiculated 12 mm invasive ductal 
carcinoma: a craniocaudal-tomosynthesis view (A) demonstrates spiculations 
better than full-field digital mammography in mediolateral-projection (B). After 
breast conserving surgery, a more superficial axial section (C) the invasive 
additional cancer extends 2.2 mm from the tumor’s margin. In the deeper section 
(D) additional invasive cancer cells are visible further in the spicule extending up 
to 2.7 mm from the tumor’s margin highlighting that analyzing only one section 
of a spicule will underestimate the extent of the disease. (E) A magnified view of 
the base of the spicule.

A B C

D

E
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re-excision rate by half20, and assumingly shaving 
removes a significant number of peritumoral spic-
ulations. Finnish national guidelines recommend 
wide local excision of tumors, with a minimum 
lateral macroscopic margin of 1 cm; however, dif-
ferent centers have reported different reoperation 
rates, ranging from 8.4 to 13%.21,22 In our local 
practice, we strictly adhere to this recommenda-
tion, and based on our observations, we routinely 
recommend the removal of all associated spicules 
that, on average, are about 1 cm in length. This 
approach, together with our meticulous preop-
erative evaluation process, may partly explain 
our previously reported low reoperation rates of 
0.5–2.1%.10,23

Intraoperative specimen tomosynthesis was 
previously shown to be superior to both FFDM 
and dedicated digital specimen radiography sys-
tem in the evaluation of lesion size, margins, spic-
ules and calcifications.10 However, in this study, 
intraoperative specimen tomosynthesis was not 
significantly superior to extensive preoperative 
imaging in terms of the visualization and charac-
terization of spicules. Therefore, in our opinion, it 
can be used to confirm that the detected spicules 
have been excised. Furthermore, our results in-
dicate that analyzing preoperative FFDM images 
plus additional images, including spot compres-
sion and/or tomosynthesis images, is sufficient to 
properly plan surgical interventions.

Other studies have reported that mammo-
graphic spiculation is a good independent prog-
nostic factor for screening-detected invasive breast 

cancer.24,25 These favorable characteristics include 
ER and PR positivity as well as lower histologi-
cal grade and Ki67 expression.24,26 Samaržija et al.8 
found that longer and thinner spicules were as-
sociated with a low Ki-67 index, whereas shorter 
and thicker spicules were associated with a higher 
Ki-67 index. In our study population, we did not 
find any significant relationship with 1) the spic-
ule distribution, number, or length, 2) the presence 
of tumors in the spicules, or 3) their distance from 
the main tumor margin. 

The mammographically detected spicule length 
correlated only weakly with actual tumor infiltra-
tion, and no correlation was found with any meas-
urable parameter that could help predict the pres-
ence or extent of tumor cell infiltration in spicules. 
Even though the majority of spicule-associated tu-
mors (60.4%) were located less than 5 mm from the 
tumor edge, additional foci were frequently found 
outside this range. Therefore, even a margin of ≥ 1 
cm has a 6.6% theoretical risk of positive margins.

This study has some limitations. The results 
should be interpreted with caution, as the spicules 
were not fully evaluated histologically via serial 
sectioning. Serial sectioning requires extensive 
resources in a prospective setting, whereas this 
study was retrospective in nature. The specimens 
and samples were handled and prepared accord-
ing to the routine protocol of the Department of 
Clinical Pathology. However, this protocol does not 
include sampling of all spicules, some of which are 
not macroscopically visible. Therefore, it is likely 
that not all spicules were histopathologically eval-
uated or included in the correlation analysis with 
the imaging findings. Consequently, the number 
of tumor foci in the spicules was likely underesti-
mated. Furthermore, the tumors examined in this 
study were relatively small (pT1 75.3% and pT2 
23.5%), had less aggressive prognostic features, 
and were mostly early-stage nonpalpable cancers 
that required intraoperative specimen assessment. 
Given that the lesions that had additional tumors 
were statistically larger than those that did not 
have additional tumors, it can be assumed that 
larger or palpable tumors with potentially longer 
spicules might have more abundant additional 
disease. Additionally, the specimens examined in 
this study were obtained from a single institution. 

Nevertheless, this exploratory study is the first 
of its kind and was conducted to verify the clini-
cal value of spicules, which might have practi-
cal clinical potential. To reduce bias, consecutive 
patients were included in this study. Our results 
clearly highlight the need for future prospective 

FIGURE 3. (A) A mediolateraloblique spot magnification view of a 13 mm mainly 
circumscribed, mixed papillary and invasive ductal carcinoma (arrows) with a 
few spicules (arrowheads). The histopathologal analysis (B) showed a single solid 
spicule with multiple foci, likely representing a continuum of low-grade ductal 
carcinoma in situ (arrows) extending as far as 10.1 mm from the tumor’s edge and 
close to the resection margin.

A B
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research that includes extensive serial sectioning 
of the spicules.

In conclusion, the results of this study show 
that spicules are significant structures in that they 
frequently harbor tumor foci, which might result 
in margin positivity and potential reoperation. 
Additional research is necessary to determine the 
tumor burden and clinical significance of both 
spicules and their tumor foci.
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