
DOI: 10.7244/cmj.2017.03.002

Potential applications of three-dimensional
bioprinting in Regenerative Medicine

Dominic Kwan

09 March 2017

1 Background

It can be argued that the concept of bioengineering began when Alexis Car-
rel and Charles Lindbergh published “The Culture of Organs” in 1938, which
described the equipment and methods which made the in vitro maintenance
of organs possible. The final chapter of the book mentions an ‘ultimate goal’
which suggests increasing the speed of healing wounds. From its conception
in the 1980s to present day, scientists and medical researchers alike have been
investigating the exciting prospects three-dimensional printing offers to the
field of Medicine. Over the course of three decades, advances in this techno-
logy have led to several famous milestones; in the process spawning the term
‘bioprinting’. In contemporary medicine, bioprinting is beginning to play a
role in regenerative medicine and clinical research by providing scientists wi-
th the ability to build tissue-engineering scaffolds, prosthetic limbs and even
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1. Background
It can be argued that the concept of bioengineering began
when Alexis Carrel and Charles Lindbergh published “The

Culture of Organs” in 1938, which described the equipment
and methods which made the in vitro maintenance of organs
possible. The final chapter of the book mentions an ‘ultimate
goal’ which suggests increasing the speed of healing wounds.
From its conception in the 1980s to present day, scientists
and medical researchers alike have been investigating the ex-
citing prospects three-dimensional printing offers to the field
of Medicine. Over the course of three decades, advances in
this technology have led to several famous milestones; in the
process spawning the term ‘bioprinting’. In contemporary
medicine, bioprinting is beginning to play a role in regener-
ative medicine and clinical research by providing scientists
with the ability to build tissue-engineering scaffolds, pros-
thetic limbs and even functioning kidneys. One of the earliest
cases of bioprinting made international headlines in 1999,
when the world’s first 3D printed collagen scaffold was used
for bladder augmentations in dogs. Then in 2009, researchers
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Variation in management of breast lesions with
ultrasound appearances typical of a fibroadenoma
Rama Lakshman1, Hannah Vandersluis1

Abstract
Objectives: To determine current European practice in managing breast lesions with ultrasound appear-
ances typical of a fibroadenoma, including how patient age affects management.
Methods: A questionnaire regarding the management of lesions with ultrasound appearances typical of a
fibroadenoma was sent to members of the European Society of Breast Imaging (ESOBI).
Results: Questionnaires were returned by members from 33 centres. 12 (36.4%) centres did not needle
biopsy any women with such lesions, 15 (45.5%) biopsied only older women, one (3.0%) biopsied older
and very young women, and five (15.2%) biopsied all women. 23 (69.7%) centres did not discharge any
women without follow-up or biopsy.
Conclusions: Management of breast lesions with ultrasound appearances typical of a fibroadenoma varies
widely. This appears to be both due to uncertainty regarding the risk of malignancy in different age groups
and disagreement regarding the risk above which follow-up or biopsy is necessary. As fibroadenomas are
extremely common in young women, rationalisation of management is much needed.
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1. INTRODUCTION

Conventionally, all women presenting with a palpable
breast lesion undergo a triple assessment, consisting of
clinical examination, imaging and needle biopsy. Mam-
mography is usually used in older women, while ultrasound
is the imaging test of choice in younger women as their
denser breast tissue limits mammographic sensitivity [1].

Fibroadenomas are the commonest type of breast lesion,
with incidence peaking in women aged 20–24 years [2]
They arise in breast lobules and are composed of fibrous
and epithelial tissue. They are benign and do not confer an
increased risk of breast cancer. On examination fibroade-
nomas are firm, non-tender, highly mobile lumps. On
ultrasound they are typically wider than tall, well defined
with smooth edges or fewer than four gentle lobulations,
surrounded by a thin echogenic pseudo-capsule and have
no other suspicious features (Fig. 1). Diagnostic features
on needle biopsy are abundant stromal cells and sheets of
uniform-sized epithelial cells that are classically arranged
in an antler-like or honeycomb pattern [3].

Previous studies have found that less than 2% of lesions
with the typical ultrasound features of a fibroadenoma, are
found to be malignant on biopsy [4, 5, 6, 7]. So is biopsy
necessary in the large group of women presenting with

such lesions? The American College of Radiology Breast
Imaging-Reporting and Data System (ACR BI-RADS)
guidelines [8], which are commonly used across Europe
[9], categorise lesions with a malignancy risk less than
2% as BI-RADS 3 and recommend women undergo short
interval follow-up rather than immediate needle biopsy
(Table 1). Follow-up reduces cost [1], morbidity [4], and
pathology workload [10] compared to biopsy. The full BI-
RADS guidelines, which recommend specific management
options based on the likelihood of malignancy on imaging,
are outlined in Table 1.

The UK Royal College of Radiologists Breast Group
(RCRBG) has published its own guidelines for managing
breast lesions [11]. Women under 25 years who present
with lesions with typical ultrasound features of a fibroade-
noma are discharged without biopsy or follow-up, whereas
those 25 years and above undergo immediate needle biopsy.
Equating these recommendations to the BI-RADS system,
lesions in women under 25 would be classed as BI-RADS
2 (malignancy risk essentially 0%) and in women over 25
classed as BI-RADS 4 (malignancy risk 2%–95%). There
is logic in varying the BI-RADS score and management
with patient age; the incidence of breast cancer increases
as women get older, so the likelihood that a lesion which
looks like a fibroadenoma on ultrasound is actually a cancer
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Figure 1. Ultrasound image of a typical fibroadenoma i.e. a lesion which is wider than tall, well defined with smooth
edges or fewer than four gentle lobulations, surrounded by a thin echogenic pseudo-capsule and has no suspicious
features.

Table 1. Breast imaging and reporting data system (BI-RADS) ultrasound categories for breast lesions, with associated
malignancy risks and management recommendations [8].

BI-RADS score Description Likelihood of malignancy Management

1 Normal 0% Discharge
2 Benign Essentially 0% Discharge
3 Probably benign > 0% but  2% Short interval follow-

up 6months,1year,
2years

4 Highly suspicious > 2% but  95% Tissue diagnosis
5 Malignant � 95% Tissue diagnosis

in disguise will similarly increase with age. The purpose
of this study was to determine current European practice in
classifying and managing lesions with ultrasound appear-
ances typical of a fibroadenoma, including how this varied
with respect to patient age.

2. MATERIALS AND METHODS

We designed an online questionnaire which was circulated
by the European Society of Breast Imaging (EUSOBI)
Office to 308 members across 31 European countries. The
questionnaire described a lesion that had all the ultrasound
appearances typical of a fibroadenoma and also included
an ultrasound image of a lesion that met these criteria (Fig.
1). It was specified that the lesion was not suspicious on
clinical examination and the woman had no compounding
circumstances (known BRCA1 or BRCA2 mutation/family
history of breast cancer).

Members were asked how their centre would man-
age such a lesion in women in each of seven age groups
(<15, 15–19, 20–24, 25–29, 30–34, 35–39, 40 and above).
Questions included whether mammography would be used,
whether needle biopsy would be undertaken, and whether
the patient would be discharged or followed up on com-
pletion of the evaluation. We asked what BI-RADS score
would be given to the lesion, to assess how this score
varied with respect to patient age and how it determined
management. Details about each centre were also collected,
including the country in which it was based, type of centre
(academic, state run, privately financed) and the number of
patients seen annually.

3. RESULTS

Completed responses were received from members of 33
centres across 18 countries (6 UK and 27 non-UK), com-
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prising a 10.7% response rate. The majority of members
(28, 84.8%) were from centres which saw more than 2000
patients annually. 16 (48.5%) centres were academic,
13 (39.4%) state-run and 4 (12.1%) privately financed.
Women over 40 years underwent mammography in all
centres. The majority of centres (17, 51.5%) did not rou-
tinely undertake mammography women aged 35–39. We
have therefore presented the data for women up to 39 years
to reflect management based almost exclusively on ultra-
sound findings. Because the 6 UK centres use the RCRBG
rather than BI-RADS classification system, these centres
are not included in data relating to BI-RADS scoring.

3.1 BI-RADS scoring in relation to age
Of the 27 European centres (not UK), 48% did not change
the BI-RADS score of a lesion with the typical ultrasound
appearance of a fibroadenoma depending on the patients
age, while 41% allocated a higher BI-RADS score to such
lesions in older women. The remaining 11% of centres
allocated a higher BI-RADS score to the lesion in both
older women and very young women (Fig. 2a). Even
among centres that used the same pattern of scoring there
was variation in the numerical score they gave the lesion,
and the specific patient age(s) beyond which the score was
increased. As such, there was significant variation in the
BI-RADS score given to the same lesion at each patient
age (Fig. 2b).

3.1.1 Management in relation to BI-RADS score:
Amongst the 27 centres, only 33% consistently followed
BI-RADS recommendations for management. In 37% of
centres management consistently matched recommenda-
tions for the BI-RADS score plus one i.e. all lesions scored
BI-RADS 2 were followed up and all lesions scored BI-
RADS 3 were needle biopsied. In 1 centre (4%) all le-
sions were scored BI-RADS 2 and needle biopsied. In
the remaining 26% of centres there was no consistent re-
lationship between BI-RADS score and management (Fig.
3).

3.1.2 Management in relation to age:
Of the 33 centres surveyed (including the 6 UK centres),
18.5% needle biopsied all lesions with the ultrasound ap-
pearance typical of a fibroadenoma, irrespective of patient
age. 36% did not biopsy any such lesions. 45.5% only nee-
dle biopsied older women and the remaining 3% (1 centre)
biopsied both very young and older women (Fig. 4a).

Of the 21 centres who biopsied lesions in at least some
women, 57% followed up women after a benign biopsy
result while 43% discharged women post negative biopsy.
Of the 28 centres that did not always biopsy lesions, 64%
followed up all women who were not biopsied, 11% only
followed up older women, and 25% discharged women
who were not biopsied.

Overall there was huge variation in how lesions with
ultrasound appearances typical of a fibroadenoma were

managed at each patient age (Fig. 4b). Notably, the 6 UK
centres (which are included in the above results) uniformly
adhered to current UK guidelines. Women under 25 years
were discharged without follow-up and women 25 years
and over underwent needle biopsy and were discharged
following a benign result.

4. DISCUSSION
Our survey is the first review of the management of breast
lesions with ultrasound appearances typical of a fibroade-
noma across Europe and reveals wide variation in practice.
As fibroadenomas are extremely common in young women
and the investigation of this benign condition consumes
a large amount of healthcare resources, rationalisation of
management is much needed.

The survey highlights two potential reasons for this
variation in management. The first is a lack of clarity re-
garding the risk of malignancy of a lesion with ultrasound
appearances typical of a fibroadenoma in different age
groups. This is evidenced by the fact that centres assign
different BI-RADS scores, corresponding to different ma-
lignancy risk, to lesions in women of the same age. So,
what does current literature suggest is best practice? In
women under 25 years the incidence of breast cancer is ex-
tremely low and several studies have shown that in this age
group a lesion which looks like a typical fibroadenoma on
ultrasound is almost never malignant [7, 12]. Hence, these
lesions would most appropriately be classed as BI-RADS
2 (malignancy risk essentially 0%), with recommended
management to directly discharge women. This aligns with
the current UK RCRBG guidelines, which recommends
women under 25 are discharged without biopsy or follow
up [11]. More recent studies have found that the risk of
a cancer masquerading as a typical fibroadenomas on ul-
trasound is similarly close to 0% in women aged 25–30
years [1, 13], suggesting that these lesions should also
be classified as BI-RADS 2. Accordingly, some centres,
including the Cambridge Breast Unit, have moved to dis-
charging women under 30 without biopsy or follow-up
[13]. Of course, all women who are discharged must be
appropriately safety-netted and breast lesions in women
with a significant family history or with suspicious clini-
cal features still warrant further investigation. What about
older women? Studies looking at lesions with ultrasound
appearances typical of a fibroadenoma across women of
all ages have found that the overall risk of malignancy is
less than 2% [4, 5, 6]. So arguably these lesions should be
classified as BI-RADS 3, and managed with follow up over
2 years. However there have been no studies specifically
looking at women over 30 years. It is possible that the in-
creased incidence of breast cancer with age means the risk
of malignancy increases to above 2% in this group. Thus,
it may be prudent to classify these lesions as BI-RADS 4
(malignancy risk 2–95%) and biopsy them immediately. Fi-
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Figure 2. (a) Pattern in allocating BI-RADS score to an ultrasound image typical of a fibroadenoma with respect to
patient age, from 27 European centres.

 
Figure 2. (b) BI-RADS score allocated to an ultrasound image typical of a fibroadenoma, with respect to patient age,
from 27 European centres.

nally, the risk that a histologically benign lesion is actually
a cancer is extremely close to 0% [14], indicating that it is
unnecessary to follow up women after a negative biopsy
result.

A second explanation for the variation in management
is that there is disagreement regarding the risk of malig-
nancy above which follow-up or needle biopsy is necessary.
Evidence for this includes the fact that 37.0% European
centres consistently disregard RADS recommendations

and instead follow the recommendations for the BI-RADS
score plus one i.e. follow-up of all BI-RADS 2 and nee-
dle biopsy of all BI-RADS 3 lesions. Moreover, 36.4%
of centres continue to follow-up women even after a be-
nign biopsy result. There are several possible reasons for
this cautious approach. Firstly, it is impossible to say
with 100% certainty that a lesion is benign. In particular,
phyllodes tumours sometimes have similar appearances to
fibroadenomas on ultrasound (and rarely even on biopsy)



Variation in management of breast lesions with ultrasound appearances typical of a fibroadenoma — 5/7

 
Figure 3. Pattern relating BI-RADS score to management for a lesion with ultrasound appearances typical of a
fibroadenoma, from 27 European centres.
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Figure 4. (a) Patterns of management of lesions with ultrasound appearances typical of a fibroadenoma, from 33
European centres.

and can occasionally become malignant. Although they are
extremely uncommon compared to fibroadenomas, some
centres may be unwilling to accept this risk. This is more
likely to be the case in countries/centres which are privately
funded, meaning there are fewer financial pressures act-
ing to minimise over-investigation. Additionally, patient
preference will play a role; Harvey et al. found 22.7% of
patients with a palpable lesion preferred needle biopsy to
follow-up [4]. Variation in management will also be influ-
enced by variation in who looks after these women. In the
UK the diagnostic process usually takes place in a breast
clinic with specialised radiographers and radiologists in-

volved in the diagnostic process. In contrast, in some other
European countries gynaecologists carry out all steps in
the triple assessment. Ultrasound is operator dependent,
so practitioners with less specialist experience may be less
confident in discharging women without a biopsy.

The main limitation of this study is that the European
survey results are based only on 33 centres; these may not
be representative of all centres managing fibroadenomas
across Europe. However, these were all large, experienced
centres, so the inconsistency between them is worth our
consideration.

In conclusion, the management of breast lesions with
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Figure 4. (b) Management of a lesion with ultrasound appearances typical of a fibroadenoma in 33 European centres, in
relation to patient age.

ultrasound appearances typical of a fibroadenoma varies
widely across Europe. This appears to be due to both a
lack of clarity about how the risk of malignancy varies with
patient age, and disagreement about the risk above which
needle biopsy or follow-up is necessary. Current literature
suggests that the risk of malignancy in women under 30
is so low that the lesion can be classified as BI-RADS 2
and women can be safely discharged without biopsy or
follow-up. This would minimise unnecessary cost, mor-
bidity and workload associated with this common, benign
condition. Additional multi-centre research quantifying
the risk of malignancy in women over 30 is required to
determine the appropriate BI-RADS score and thus man-
agement. However, this would not address the fact that
the majority of European centres do not manage lesions
according to the BI-RADS recommendations. This is likely
due to a range of economic, social and political factors and
means rationalising management across Europe will not be
straightforward.
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