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Abstract

Purpose Breast masses in pediatric patients are often managed similarly to adult breast masses despite significant differences
in pathology and natural history. Emerging evidence suggests that clinical observation is safe. The purpose of this study was
to quantify the clinical appropriateness of the management of benign breast disease in pediatric patients.

Methods A multi-institutional retrospective cohort study was completed between 1995 and 2017. Patients were included
if they had benign breast disease and were 19 years old or younger. A timeline of all interventions (ultrasound, biopsy, or
excision) was generated to quantify the number of patients who were observed for at least 90 days, deemed appropriate care.
To quantify inappropriate care, the number of interventions performed within 90 days, and the pathologic concordance to
clinical decisions was determined by reviewing the radiology reports of all ultrasounds and pathology reports of all biopsies
and excisions.

Results A total of 1,909 patients were analyzed. Mean age was 16.4 years old (+2.1). The majority of masses were fibroad-
enomas (60.4%). Only half of patients (54.3%) were observed for 90 or more days. 81.1% of interventions were unnecessary,
with pathology revealing masses that would be safe to observe. The positive predictive value (PPV) of clinical decisions
made based on suspicious ultrasound findings was 16.2%, not different than a PPV of 21.9% (p <0.25) for decisions made
on clinical suspicion alone.

Conclusion Despite literature supporting an observation period for pediatric breast masses, half of patients had an interven-
tion within three months with one out of ten patients undergoing an invasive procedure within this time frame. Furthermore,
81.1% of invasive interventions were unnecessary based on final pathologic findings. A formal consensus clinical guideline
for the management of pediatric benign breast disease including a standardized clinical observation period is needed to
decrease unnecessary procedures in pediatric patients with breast masses.
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Introduction

Breast masses affect approximately 3% of pediatric patients
in the United States [1, 2]. The most common breast mass
seen in this population is a benign fibroadenoma, and regard-
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The current literature suggests that a period of observa-
tion of at least one to four menstrual cycles [1, 5] is safe
and minimization of invasive procedures is appropriate in
this patient cohort. In a recent publication by McLaughlin
et al. [6] a detailed observation algorithm, created by the
authors, suggested that asymptomatic patients with sus-
pected benign disease can be safely observed without sur-
gery [6]. If patients must undergo further workup, the use of
ultrasound is well described in the literature, with safety and
tolerance of image-guided biopsy also supported [7, 8]. Sev-
eral other studies suggest that patients should only undergo
invasive procedures, biopsy or excision, if they present with
a mass that is 4-5 cm, have a personal history of cancer or
chest radiation, or growth over a clinical observation period
[1,7,9,10].

This retrospective multi-institutional study investigated
the largest cohort to date of pediatric patients with benign
breast disease to quantify the appropriateness of manage-
ment with the hypothesis that many patients with benign
breast disease do not undergo an observation period and
instead undergo unnecessary invasive interventions.

Fig.1 Flowchart depicting
exclusion criteria and final
number of patients included in
study cohort

PEDIATRIC BREAST DISEASE
10-19 YEARS OLD"
N=4,540

Methods
Study population

Analysis was performed on 1,909 patients with benign breast
disease, aged 10 to 19 years old at the time of diagnosis.
There were no patients less than 10 years old identified in
the study cohort, thus this was made the lower age limit.
Patients were identified through an algorithmic search of
the Partners Healthcare Research Patient Data Registry
(RPDR), an electronic medical record database of a not-for
profit health care system that includes five large academic
hospitals. The International Classification of Disease, Ninth
Revision (ICD-9), ICD-10, and RPDR specific codes were
used to extract patients with a diagnosis of benign breast
disease (supplemental Table 1). The interventions, ultra-
sound/biopsy/excision, were extracted using ICD-9, Current
Procedural Terminology (CPT), and RPDR specific codes
(supplemental Table 1).

Exclusion criteria (Fig. 1) included patients that were
referred as consults and did not have their work-up com-
pleted at the study institutions. Patients with cystic dis-
ease and those undergoing non-relevant procedures were
also excluded. Non-relevant procedures included axilla
excision, skin biopsy, skin excision, debridement without
excision, and mammoplasty. Patients were also excluded

Excluded Patients by Coded Data
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if their initial intervention was greater than one year from
the date of their breast mass diagnosis, as it is possi-
ble that the intervention was for a different breast mass.
Finally, patients with malignant breast disease were also
excluded from the study cohort (supplemental Table 2
demonstrates codes used for identification of these
patients prior to exclusion).

Determining timeline for all interventions

A clinical timeline (Fig. 2) was developed for all patients
for the year following diagnosis of a benign breast mass.
This included those patients who were followed clini-
cally and those that underwent an ultrasound, biopsy,
or excision. For patients that underwent an ultrasound,
biopsy, or excision as their index intervention, subsequent
interventions were also recorded if they occurred within
one year from breast mass diagnosis. The observation
period was determined by calculating the interval time
period between breast mass diagnosis and the date of the
index intervention (ultrasound, biopsy, excision). The
intervals for any subsequent interventions were recorded
by calculating the time between interventions.

Fig.2 Timeline of all interven-
tions performed within one year
of breast mass diagnosis.

The observation interval is
defined as the interval between
diagnosis and first intervention
(ultrasound/biopsy/excision) or
non-intervention (clinical follow
up). Intervention interval is
defined as the time between two
interventions. Time displayed as
medians [SD]

Diagnosis
Date

290 days ‘

28 [16-59] days
0 [0-8] days 91 days

4 [0-65] days
5[0-14] days

29[15-65] days

|

Observation Interval

Determining clinical appropriateness
and pathologic concordance

The first step in determining clinical appropriateness was
to analyze all the initial interventions: clinical follow-up,
ultrasound, biopsy, or excision. As described above, patients
that underwent clinical follow-up for greater than or equal
to three months were determined to have undergone clini-
cally appropriate care. Patients that underwent an ultrasound
within three months were determined to be possibly appro-
priate because these patients did not have a clinical obser-
vation period but had a non-invasive intervention. Finally,
patients that underwent an invasive intervention (biopsy or
excision) before completion of a three-month observation
period were determined to have undergone inappropriate
care.

To quantify the number of inappropriate invasive inter-
ventions performed in this patient cohort, pathologic
concordance to the clinical decision was determined by
reviewing the radiology reports of all ultrasounds and the
pathology reports of invasive interventions (biopsies/exci-
sions). First, the ultrasound reports were classified as sus-
picious or not suspicious. Suspicious ultrasounds included
reports that were Breast Imaging Reporting and Data System

182[63-208] days

12 [4-28] days

|

40 [26-57] days l‘

Intervention
#2 Date
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(BI-RADS) category 4 or higher, diagnosed pathology that
would require intervention such as abscess, benign phyl-
lodes, juvenile/cellular fibroadenoma, juvenile papilloma-
tosis/intraductal papilloma, atypical lobular/ductal hyper-
plasia, or those that mentioned a suspicious abnormality
with no further classification. Non-suspicious ultrasounds
included reports that were BI-RADS category 3 or lower,
those that did not reveal any abnormality, and those that
diagnosed pathology that would not require intervention
such as fibroadenoma, hamartoma, PASH, hemangioma,
adenoma (tubular or lactating), benign breast tissue, nodular
adenosis, focal sclerosis, lipoma, focal juvenile hypertrophy
or fibrocystic changes. The authors did not take into consid-
eration the final recommendation of the radiologist because
many times an invasive intervention (biopsy or excision)
was recommended with a non-suspicious diagnosis such
as a report that read, “benign fibroadenoma, biopsy recom-
mended”, with no further justification.

Patients were determined to have pathologic concordance
if the results of the invasive intervention revealed pathology
that was appropriate for biopsy or excision based on avail-
able literature [4, 8, 9, 12—15]. This included the following
diagnoses: benign phyllodes, juvenile/cellular fibroade-
noma, juvenile papillomatosis/intraductal papilloma, atypi-
cal lobular/ductal hyperplasia, and abscess. Patients were
determined to have pathologic discordance if the pathology
revealed a diagnosis that did not require an intervention as
listed previously.

Statistical analysis

A multi-institutional retrospective cohort study of 1,909
patients was completed. Analysis was performed using Stata
Statistical Software version 13.1 (StataCorp LP, College Sta-
tion, TX). Continuous variables were described as means
with standard deviation. Categorical data were described
as counts and percentages of total. Comparison of the posi-
tive predictive value of suspicious ultrasound and clinical
suspicion was completed using a X? test with p value <0.05
considered statistically significant.

This study was approved by the Massachusetts General
Hospital Institutional Review Board. Datasets generated and
analyzed for the current study are not publicly available and
contain PHI but are available from the corresponding author
on reasonable request.

Results
Patient and tumor demographics

A total of 1,909 female patients with breast masses were
identified. 16 patients (0.8%) were found to have malignant
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Table 1 Patient demographics

Variables  Mean (SD) or N (%
Total) N=1,909
Age 16.4 (£2.1)
Female 1,909 (100%)
Race
White 958 (50.2%)
Hispanic 429 (22.5%)
Black 214 (11.2%)
Other® 88 (4.6%)
Asian 46 (2.4%)
20ther: American  Indian,

Hawaiian, and other code

Table 2 Tumor demographics

Tumor type N (% of Total) N=366
Fibroadenoma 221 (60.4%)
Hamartoma 37 (10.1%)
Juvenile/cellular fibroadenoma 33 (9.0%)
Benign phyllodes 28 (7.7%)
Benign breast tissue 14 (3.8%)
PASH 11 (3.0%)
Adenoma (tubular or lactating) 8 (2.2%)
Juvenile papillomatosis/intraductal papil- 4 (1.1%)
loma
Fibrocystic changes 2 (0.5%)
Duct ectasia 2 (0.5%)
Abscess 2 (0.5%)
Focal juvenile hypertrophy 2 (0.5%)
Focal sclerosis 1(0.3%)
Lipoma 1(0.3%)

disease and were excluded. Of the benign disease patients,
mean age was 16.4 years old (SD+2.1). The majority of
patients were white (50.2%), followed by Hispanic (22.5%),
black (11.2%), other (4.6%) and Asian (2.4%) (Table 1).
Analysis of tumor demographics revealed that 60.4%
patients had fibroadenomas, 10.1% juvenile/cellular fibroad-
enomas, 9.0% hamartomas, 7.7% phyllodes, and 12.8% other
(Table 2).

Timeline of all interventions (Fig. 2)

As seen in Fig. 2, the time to initial intervention was shortest
for patients undergoing an ultrasound [0 (0-8) days] fol-
lowed by biopsy [5 (0-14) days), and finally excision [29
(15-65) days]. Of patients that underwent an ultrasound as
their initial intervention, follow up biopsy and excisions
occurred within a month [biopsy 12 (4-28) days, excision
28 (16-59) days], while follow-up ultrasound occurred
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several months later [182 (63—-208) days]. Next, one patient
underwent initial biopsy and had a follow-up ultrasound at
3 months (91 days) while patients that underwent follow-up
excision did so most often within a week [4 (0-65) days].
Finally, patients that underwent an excision as their index
intervention had a follow up ultrasound approximately five
to nine months later [208 (166-253) days] whereas repeat
excisions were performed within two months [40 (26-57)
days].

Clinical decision appropriateness and pathologic
concordance with clinical decision (Fig. 3)

In assessment of the appropriateness of a provider’s index
clinical decision, the data revealed that only half (54.3%)
of patients were appropriately observed for greater than or
equal to 90 days. About one-third (36.5%) of patients under-
went an ultrasound as their index intervention. Of these
patients, one-fifth (21.4%) were found to have a suspicious

A clinical Decision Appropriateness

Clinically Appropriate (1A)/Pathologically Concordant (PC) (1B)

Possibly Clinically Appropriate (1A)

finding and 73.4% of this group appropriately underwent
a follow-up intervention of biopsy or excision. However,
when assessing the pathologic concordance of these speci-
mens, only 16.2% were found to have disease that warranted
removal. Furthermore, even though the majority (78.6%) of
patients who underwent an ultrasound had no suspicious
findings, 14.8% still underwent a biopsy or excision and
85.9% of these specimens were pathologically discordant.
Finally, one-tenth (9.2%) of patients underwent a biopsy or
excision as their index intervention, without any observation
period. Of these patients, 132 (78.1%) had discordant pathol-
ogy and underwent a biopsy or excision for disease that did
not require intervention.

Pathologic concordance with clinical expectation
and positive predictive value

Review of the pathology from all excisions and biopsies
revealed that 81.1% of interventions were unnecessary, with
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Fig.3 a Depicts the clinical appropriateness of the initial clinical
decision. Clinical follow-up for greater than or equal to three months
was deemed appropriate care. Ultrasound within three months was
possibly clinically appropriate given that ultrasound could show sus-
picious disease warranting invasive intervention. Biopsy and exci-
sion within three months was deemed clinically inappropriate care.
If patients underwent an intervention after suspicious ultrasound
this was clinically appropriate (73.4%) but if they did not undergo
an intervention after suspicious ultrasound this was inappropriate

(26.6%). Similarly, if patients underwent an intervention after non-
suspicious ultrasound this was inappropriate (14.8%), while patients
who did not undergo an intervention after non-suspicious ultrasound
were deemed appropriate care (85.2%). b Shows the pathologic con-
cordance with clinical decision-making. Pathology that did not war-
rant intervention was pathologically discordant, while pathology that
did warrant intervention was pathologically concordant with the clini-
cal decision
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Table 3 Rate of pathologic concordance with clinical expectation

N (% of Total) (N=366)

297 (81.1%)
69 (18.9%)

Pathologically discordant®
Pathologically concordant®

*Includes: fibroadenoma, hamartoma, PASH, adenoma, benign breast
tissue, focal sclerosis, lipoma, focal juvenile hypertrophy, fibrocystic
changes

®Includes: benign phyllodes, juvenile/cellular fibroadenoma, juvenile
papillomatosis/intraductal papilloma, abscess

Table 4 Positive predictive value of suspicious ultrasound vs. clini-
cal suspicion alone as the driver of invasive interventions (excision/
biopsy)

Pathologic Pathologic discord-  p value
concordance ance
(PPV)
Ultrasound suspi- 17 (16.2%) 88 (83.8%) 0.25
cion
Clinical suspicion 37 (21.9%) 132 (78.1%)

alone

pathology revealing masses that would be safe to observe
(Table 3). The positive predictive value (PPV) of clinical
decisions made based on suspicious ultrasound findings
was — 16.2%, not statistically different to a PPV of 21.9%
(p <0.25) for decisions made on clinical suspicion alone
(Table 4).

Discussion

Breast masses in children are most often benign and the cur-
rent literature supports the safety of clinical observation in
this population, at least as an initial management step. Adult
breast surgeons, pediatricians and pediatric surgeons who
see relatively few pediatric breast masses may continue to
follow adult breast disease algorithms despite the very dif-
ferent pathophysiology of adolescent breast lesions. Many
of the current management suggestions are found in the
radiology literature focusing on imaging and interventional
procedures (core biopsy); these studies fail to provide clini-
cal providers with clinical recommendations. The limited
surgical literature also varies widely regarding manage-
ment recommendations with most papers based on small,
retrospective, single-institutional studies that lack the rigor
needed to stimulate changes in provider management. We
have collected and analyzed the largest number of adolescent
patients with benign breast disease with regards to man-
agement and the need for intervention based upon patient
pathology. We anticipate that this multi-institutional study
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on appropriateness of care will influence the algorithm for
caring for adolescents with breast masses.

Despite growing evidence, pediatric patients continue
to undergo interventions, both invasive and non-invasive,
before completing a clinical observation interval for breast
disease. In a recent publication, McLaughlin et al. [6] devel-
oped a clinical algorithm focusing on the safety of clinical
observation. This algorithm, along with other studies, sug-
gests that a reasonable observation period for patients with
clinically benign breast disease is within the range of one to
four menstrual cycles (or months) [1, 5, 15, 16]. Just over
half of our patient cohort (54.3%) completed an observation
interval of at least 90 days with the remainder undergoing
an intervention within a month (average intervention time
of 11 days). As ultrasound was included in the intervention
group for this study, we also compared the appropriateness
of ultrasound, by assessing its concordance with final dis-
ease pathology.

If providers are compelled to intervene within 90 days
of diagnosis, an ultrasound is often the first step considered
given that it is non-invasive compared to excisions/biop-
sies and is supported in the current literature. Surprisingly,
review of our data shows that the PPV of ultrasound was
only 16.2%. This was not found to be statistically different
from the PPV of clinical suspicion alone (21.9%, p=0.25)
suggesting that the ultrasound was not better at predicting
benign disease than clinical suspicion alone. Therefore,
instead of pushing patients towards an intervention of any
kind (ultrasound/biopsy/excision), providers should focus
on clinical observation for the first 90 days. In this patient
cohort, 99.2% of all masses were technically safe to observe
for at least 90 days given that they were nearly all pathologi-
cally benign. The developing breast is prone to iatrogenic
injury [8, 9, 11], and clinical observation can help mitigate
this risk by decreasing unnecessary interventions.

It is understandable that some providers remain con-
cerned that by observing a mass for several months, they
may be delaying the diagnosis of malignant disease. There-
fore, secondary to provider and/or patient/patient family
anxiety, they are pushed to intervene before completing
any observation period. Our findings do not suggest that
this leads to findings of malignant disease. The indications
for surgery have been suggested in several studies and the
authors agree that pediatric patients should only undergo
an invasive intervention if they present with a mass greater
than five centimeters or shows rapid growth after a period of
observation (>20% in 6 months) [7, 9]. The only exception
to this standard should be patients with a personal history of
cancer or chest radiation [1]. Although ultrasound has been
used to reassure patients and care givers, our data would sug-
gest that ultrasound and clinical suspicion alone have similar
predictive values for disease warranting intervention. Thus,
a period of clinical observation may be more useful than
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ultrasound in guiding decisions for biopsy/excision. If, after
a period of observation, there has been continued growth
of the mass, referral of pediatric patients to undergo core
biopsy [17] has been shown safe and well tolerated. Exci-
sion of pediatric breast masses should be reserved for those
patients with rapidly growing masses or those with biopsy
proven phyllodes, cellular fibroadenoma, or papillomatosis/
papilloma.

Data from this study and the recent publication from
McLaughlin et al. [6] both support the clinical observation
of pediatric patients with benign breast disease. However,
referring providers must consider who is most appropriate
to observe these masses. Providers should have a practice
that at least in part focuses on pediatric breast disease and
should collaborate closely with both patients/patient families
and community providers, to provide education regarding
the benign pathology that is most often encountered in this
patient population [13, 18]. Anecdotally, adequate patient/
patient family education, can greatly decrease the number
of interventions patients undergo, with patients more often
opting for repeated clinical breast exams instead of ultra-
sounds or biopsies/excisions. With data supporting a clinical
approach and adequate patient/referring provider education,
the authors believe the number of inappropriate interven-
tions will decrease.

Given the retrospective nature of this study, there are sev-
eral limitations that must be considered. First, because of the
large size of the patient cohort it was not feasible to perform
an individual chart review on every patient to determine the
indication for invasive intervention. Therefore, the authors
were unable to determine how many patients underwent an
invasive intervention for the appropriate indications based
on size, growth, or history of cancer or radiation. Along sim-
ilar lines, patients who underwent biopsy or excision as their
first intervention could have been seen at an outside hospital
and referred to our providers after a period of observation
that was not documented in our system. Finally, there were
several patients who had missing radiology and/or pathology
reports thus there is missing data as demonstrated in Fig. 3
with a total sample size of 1,832 available for this part of
the analysis.

Conclusions

Despite the literature supporting an observation period for
pediatric breast masses, nearly half of patients in this large
cohort of pediatric patients with benign breast disease had
an intervention within three months, with nearly one-tenth of
patients subjected to an invasive procedure within the same
time period. Furthermore, 81.1% of all invasive interven-
tions were unnecessary at any time interval based on final
pathologic findings. Providers must understand the nature of

pediatric breast disease to feel comfortable safely observing
pediatric breast masses for at least 90 days. Furthermore, it
is important that providers understand that ultrasound was
not superior to clinical suspicion alone in diagnosing dis-
ease that warranted invasive intervention. Overall, a formal
consensus clinical guideline for the management of pediat-
ric benign breast disease, including a standardized clinical
observation period and the use of biopsy over excision, is
needed to decrease unnecessary procedures in this vulner-
able patient population.
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