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ABSTRACT

Objective: Patients with breast cancer who have indeterminate extra-mammary lesions, for example in lung, liver or bone, without other metastatic lesions
pose a clinical dilemma regarding subsequent management. This study aimed to investigate the prevalence, characteristics and outcomes of such lesions
detected on initial staging imaging, and address the clinical significance of these incidental findings.

Materials and Methods: Medical records of patients with newly diagnosed breast cancer who underwent computed tomography scans and bone
scintigraphy between January 1, 2015 and June 30, 2021 were reviewed. Patients with indeterminate extra-mammary lesions on imaging were included.
Patients with obvious metastatic disease were excluded. Lesion characteristics, breast cancer staging, duration of follow-up and natural history of discase
progression were analysed.

Results: The study included 52 patients with indeterminate lesions on pre-operative imaging. The median follow-up duration was 14 (range: 6-41)
months. The most common site of occurrence of indeterminate lesions was the lung (60.9%) followed by the liver (26.1%). Forty-six had lesions that
remained stable (88.5%), while six (11.5%) had progression to metastatic disease. Out of these six, only two (3.8%) developed metastasis in the same site
as the original indeterminate lesion, whereas the remaining four developed metastases in other sites.

Conclusion: Patients with breast malignancy found to have indeterminate extra-mammary lesions without obvious distant metastasis on initial staging
scans are associated with a small risk of subsequently developing metastatic disease. Although most of these lesions remain quiescent, surveillance imaging is
recommended because a small but significant proportion of patients with such lesions eventually harbour actual metastatic disease.
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Key Points

e This is the first study to evaluate the incidence and progression of indeterminate lesions in breast cancer in an Asian population.
*  Most common site of occurrence of an indeterminate lesion was in the lung (60.9%).

e A small but significant proportion of these indeterminate lesions will progress to metastatic disease (3.8%).

*  Routine biopsy of such lesions is not reccommended, but dedicated imaging can be considered if resources permit.

. Surveillance of such indeterminate lesions is recommended.

Introduction

Breast cancer has the highest prevalence and is the leading cause of cancer-related deaths amongst women globally. There has been a 3.1% annual
increase in the incidence of breast cancer from 1980 to 2010, with more than 1.6 million cases diagnosed yearly worldwide (1). In Singapore,
the five-year age-standardised relative survival has increased significantly from 50.4 % in 1973-1977 to 81.4% in 2014-2018 (2). The majority
of patients with breast cancer are diagnosed at an early-stage (close to 75% based on the 2018 Singapore Cancer Registry) and only 11.2% of

patient present with metastatic disease (2).
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With pre-operative staging using computed tomography (CT)
becoming more routine, we have observed an increasing number of
patients presenting with radiologically indeterminate lesions in extra-
mammary locations, such as the lung, liver and bone, without definitive
evidence of metastatic disease. Indeterminate lesions are often too
small to be characterised definitively. The term “indeterminate”
also has varying definitions for differing organs in different studies.
For instance, an indeterminate pulmonary nodule is defined as a
small, focal radiographic opacity located completely within the lung
measuring up to 1.5-3 cm in diameter without other abnormalities (3,
4), whereas an indeterminate liver nodule has been defined as a low-
attenuating hepatocellular opacity smaller than 1.5-2 c¢m and visible
on at least one phase of the dynamic helical CT scanning (5, 6).

In the absence of other metastatic lesions, the incidence of such lesions
is reported to be in the range of 4.2% to 59% (4, 7-10). The significance
of these lesions is often unknown at the time of diagnosis. Benign
lesions represent the most frequent findings; however, the incidence of
malignant incidental lesions have been shown to be higher in patients
with a personal history of breast cancer (11). Rates of occult metastatic
disease in patients with newly diagnosed breast cancer have also been
shown to be low, estimated at between 5%-7% (12, 13). Hence, it
is unclear whether such patients should be managed as early breast
cancer with curative intent, or labelled as metastatic disease. Given
the paucity of clinical data to guide management, surveillance is often
recommended.

This retrospective study aimed to investigate the prevalence,
characteristics and outcomes of extra-mammary indeterminate lesions
detected on initial staging imaging in patients with newly diagnosed
breast cancer. It also aimed to address the clinical significance of these
incidental findings by evaluating if there was a higher propensity of
progression to distant metastasis.

Materials and Methods

Medical records of all patients with newly diagnosed breast cancer,
regardless of initial stage of disease, who underwent initial staging scans
at Khoo Teck Puat Hospital, a tertiary regional hospital in Singapore,
were collected retrospectively from January 1, 2015 to June 30, 2021.
Routine staging imaging comprised of CT chest, abdomen and pelvis
scan and also a bone scintigraphy scan.

Indeterminate lesions were defined as lesions less than 15 mm in
diameter in the absence of other metastatic lesions, which were detected
on contrasted single-phase CT imaging or on bone scintigraphy scan.
These are lesions which could not be concluded as definitely benign
or malignant, based on radiological appearances, and warrant further
imaging or interval surveillance. Patients noted to have indeterminate
lesions in extra-mammary locations, including lungs, liver, bone or
other organs on pre-operative imaging were included. If there were
greater than one indeterminate lesion noted within the same patient,
they were included and lesions were recorded separately. Lesions that
were characterized definitively by the radiologist as metastasis (Stage
IV disease), or benign lesions without the suggestion of further
radiologic follow-up, were excluded. Patients that were lost to follow-
up or declined further surveillance scans were similarly excluded.
All subsequent imaging scans of patients with indeterminate lesions
were reviewed to assess for progression. Lesions with an increase in
size or manifestation of malignant radiologic features over time were

considered as likely metastasis.

Details about patient demographics, tumour characteristics [tumor-
node-metastasis (TNM) staging, hormone receptor and human
epidermal growth factor receptor 2 (HER2) status, grade] were
abstracted from the electronic medical records. Characteristics of the
indeterminate lesions on pre-operative staging scans, including site,
size, location and presence of calcification, were recorded. These same
lesion characteristics were similarly recorded for subsequent scans
performed. The surveillance intervals and time interval to progression
of these lesions were also analysed.

The

demographic data between patients with stable lesions on radiologic

statistical analysis compared the clinicopathologic and
follow-up and patients with malignant lesions. The Mann—Whitney
U test was used to compare age in the two groups. Fisher’s exact
probability test was used to check the association between patients’
tumour histologic grade, tumour stage, lymph node status and receptor
status with risk of metastatic disease progression. Statistical Package for
the Social Sciences, version 25.0 (SPSS Inc., Armonk, NY, USA) was

used for the analysis, and the significance level was set at 0.05.

Institutional Review Board approval was granted for this retrospective
study, and a waiver of informed consent was obtained (DSRB reference
number: 2020/00181).

Results

A total of 736 patients with breast cancer who were treated in Khoo
Teck Puat Hospital in Singapore from January 1, 2015 to June 30,
2021 had pre-operative staging CT and bone scan performed. Fifty-
two (7.1%) patients were identified as having indeterminate lesions
that could not be definitively characterised.

The patients with indeterminate nodules were characterised according
to patient demographics (Table 1). All patients were female and
the mean age was 59.6 years. Out of 52 patients, 47 (90.4%) had
invasive ductal carcinoma, two (3.8%) had invasive lobular carcinoma,
one (1.9%) had a malignant phyllodes tumour and two (3.8%) had
squamous cell carcinoma. Three (5.7%) were Grade 1, 21 (40.4%)
were Grade 2 and 28 (53.8%) were Grade 3 tumours. When stratified
according to stage of disease, 18 (34.6%) had Stage I, 22 (42.3%) had

Table 1. Patient demographics

Age

Mean + SD 59.6+11.8
(minimum, maximum) (37, 86)
Sex (n =52)

Male 0 (0%)
Female 52 (100%)

Ethnic group (n = 52)

Chinese 37 (71.2%)
Malay 7 (13.5%)
Indian 4 (7.6%)
Others 4 (7.6%)
Smoker (n = 52)

Yes 5(9.6%)
No 47 (90.4%)

SD: standard deviation
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Stage IT and 12 (23.1%) had Stage III disease. Further breakdown of
the histopathological data of the primary breast tumour is summarised

in Table 2.

Review of the imaging for the indeterminate lesions was undertaken
to assess the location and characteristics of these lesions. The most
common locations for indeterminate lesions were the lungs (n = 28,
60.9%), bone (n = 14, 30.4%), liver (n = 12, 26.1%), and adrenal
glands (n = 6, 13.0%). There was an isolated case of an indeterminate
large (8 cm) retrosternal thyroid lesion which was largely cystic with
small areas of hypodensity on CT. Subsequently this lesion was
worked up with an ultrasound thyroid and found to be a benign cystic
lesion. There was another isolated case of a right adnexal lesion which
remained stable on subsequent imaging.

Characteristics of these indeterminate lesions were also analysed.
Amongst the 28 patients with indeterminate lung nodules, all had
either one or two nodules with an average nodule size of 4.6 mm
(range: 2 mm — 13 mm). None of the nodules were calcified and 5
(18%) had centrally located nodules, whilst 23 (82%) had peripherally
located nodules. Of the 14 patients with indeterminate bony lesions,
four (29%) had lytic lesions whilst 10 (71%) had sclerotic lesions. Of
the 12 patients with indeterminate liver lesions, five (42%) had solid-
cystic lesions compared to seven (58%) who had solid lesions. The
indeterminate adrenal lesions ranged in size from 13 mm to 35 mm
(mean: 22 mm), with Hounsfield units on unenhanced CT images of
-22 HU up to 27 HU (mean: 6.3 HU). These patients subsequently
underwent CT adrenal scan which revealed lipid-rich lesions and
hence low likelihood for malignancy.

Patients were followed up for a median duration of 14 (range: 6-41)
months with all patients undergoing subsequent surveillance imaging
to reassess the indeterminate lesions. Amongst the cohort, 46 (88.5%)
patients were shown to have stable lesions that were likely benign.
Progression to metastatic disease from the original indeterminate
lesion was found in only two patients (3.8%), whilst four (7.7%)
developed metastases at other sites, as shown in Figure 1. The
progression of the lesions in these six patients was seen on subsequent
imaging performed at a median of 18 (range: 4-50) months after the
initial staging CT scan. Four of these six patients subsequently died
of advanced malignancy, and the rest received palliative treatment for
metastatic disease.

For patients who had stable indeterminate lesions on subsequent
imaging, 28 (60.1%) of them received adjuvant chemotherapy and
31 (67.4%) received adjuvant radiotherapy. There were 31 (67.4%)
patients who were on endocrine therapy and 17 (37%) patients who
received trastuzumab (Table 3). With regard to the two patients

Table 2. Histopathological results of the primary breast

malignancy

Histological grade (n = 52)
Grade 1
Grade 2
Grade 3

3 (5.7%)
21 (40.4%)
28 (53.8%)

Number of lymph nodes involved (n = 52)

0

1-3

>4

TMN staging (n = 52)

T status

T1

T2

T3

T4

N status

NO

N1

N2

N3

Stage (n = 52)

Stage |

Stage Il

Stage Il

Histological subtype (n = 52)
Invasive ductal carcinoma
Invasive lobular carcinoma
Squamous cell carcinoma
Malignant phyllodes
Receptor status (n = 52)
Luminal A (ER+ PR+/- HER2-)
Luminal B (ER+ PR+/- HER2+)
HER2+ (ER- PR- HER2+)
Triple negative (ER- PR- HER2-)

ER: estrogen receptor;

PR: progesterone receptor;

36 (69.2%)
9 (17.3%)
7 (13.5%)

19 (36.5%)
24 (46.1%)
4 (7.7%)
5(9.6%)

33 (63.5%)
11 (21.2%)
5 (9.6%)
3 (5.7%)

18 (34.6%)
22 (42.3%)
12 (23.1%)

47 (90.4%)
2 (3.8%)
2 (3.8%)
1 (1.9%)

19 (36.5%)
17 (32.7%)
5(9.6%)
11 (21.2%)

epidermal growth factor receptor 2; n: number

Table 3. Treatment data of patients with indeterminate lesions, with or without clinical progression

Stable indeterminate

lesion (n = 46)

Endocrine therapy 31 (67.4%)
12 (26.1%)
28 (60.1%)
17 (37.0%)

31 (67.4%)

Chemotherapy in neo-adjuvant setting
Chemotherapy in adjuvant setting
Trastuzumab

Radiotherapy in adjuvant setting

n: number

Progression from original
lesion (n =2)
1 (50%)
2 (100%)
1 (50%)
1 (50%)
1 (50%)

Progression to other
sites (n = 4)
1(25%)

0
1(25%)
1(25%)

2 (50%)

HER2: human
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Total patients with indeterminate lesions on CT imaging

(52 patients)

Mean follow up duration:
14.9 months (Range, 6-60)

!

Stable lesions
(46 patients, 88.5%)

Patient 1: Lung > Lung (13mths*)
Patient 2: Lung > Lung (14mths*)

Location No. of patients  Percentage (%)
Lung 28 28/46 (60.9)
Liver 12 12/46 (26.1)
Bone 14 14/46 (30.4)
Adrenal 6 6/46 (13.0)
Thyroid 1 1/46 (2.2)
Right adnexa 1 1/46 (2.2)

Metastatic progression
from original lesion
(2 patients, 3.8%)

v
Progression to metastatic disease
(6 patients, 11.5%)

| 1

Metastatic progression
to other sites
(4 patients, 7.7%)

!

Patient 1: Liver > Lung (17mths*)

Patient 2: Liver > Lung, left supraclavicular LN (50mths*)
Patient 3: Lung > Liver, bone (4mths*)

Patient 4: Lung > Right supraclavicular LN (14mths*)

Figure 1. Clinical progression of patients with indeterminate lesions on CT imaging

* jndicates time interval to progression

CT: computed tomography; LN: lymph node

found to have progression to metastatic disease from the original
indeterminate lesion, both had indeterminate lesions in the lung. Both
patients had two, non-calcified lung nodules each within the same side
of the lung. The first patient was Stage IIlc (T4N3) on presentation,
with biopsy showing Grade 3, triple negative malignant phyllodes. The
size of her largest lung nodule measured 12 mm. The second patient
was Stage I (T2NO) on presentation. She had Grade 2, triple positive
invasive ductal carcinoma. Her largest lung nodule measured 13 mm.
Both patients received neoadjuvant chemotherapy, with the second
patient subsequently receiving adjuvant chemoradiotherapy in the
adjuvant setting as well. The second patient also received trastuzumab
and endocrine therapy.

No statistical significance was found in the demographic or
clinicopathologic data between patients with stable lesions and those
with malignant lesions on radiologic follow-up that could predict
the natural history of these indeterminate extra-mammary lesions.
However, this analysis may be limited by the small number of patients.

Discussion and Conclusion

Five-year survival rates for metastatic breast cancer have been reported
to be 27%, as compared to 84% in locally advanced breast cancer (14),
while 20%-30% of breast cancer patients can progress to metastases
after diagnosis (13). It is known that breast cancer has metastatic
heterogeneity, with a propensity towards bone (63%), liver (25%) and
lung (23%) (15). Metastases to other organs, such as adrenals (16),
thyroid (17) and adnexa (18) are considered rare. Different molecular
subtypes have also been shown in certain studies to have different
preferential sites of metastasis or relapse, such as a predominance
of bone metastasis in luminal A and B subtypes, compared to non-
luminal HER2 subtype which had a higher propensity for liver
metastasis (9, 19).

Despite the latest National Comprehensive Cancer Network
(NCCN) guidelines recommending that routine systemic staging

in early breast cancer patients is not required because of the low
likelihood of identification of metastatic disease (20), many centers
still practice routine screening for breast cancer patients for evaluation
of distant metastases. This commonly includes CT scans, positron
emission tomography-CT (PET-CT) scans, and/or bone scintigraphy.
Consequently, lesions of indeterminate nature are often noted. In our
series, they were present in 7.1% of patients who got pre-operative
staging scans, and these indeterminate lesions were mostly in the lung
(60.9%), followed by bone (30.4%) and liver (26.1%). In a study
performed by Brothers et al. (21), which was the only other study
amongst the available literature that analyzed an array of indeterminate
lesions in multiple organs, the lung was similarly the most common
site. The incidences of indeterminate lesions recorded in their study
were lung (50%), bone (26%) and liver (39%). Additionally, they
reported close to 20% incidence of lymphadenopathy, adnexal and
renal lesions which were not observed in our study. Other studies
found a wide range of incidences of indeterminate nodules, varying

from 4.2% to 59% (4, 7-10).

To our knowledge, this study is the first to evaluate the incidence
and subsequent progression of indeterminate lesions in breast cancer
on staging scans in an Asian population. The majority of the lesions
(88.5%) in our series were stable on follow-up surveillance imaging
with no progression of disease, at a median follow-up of 14 months.
Only two patients (3.8%) with indeterminate lung lesions developed
actual lung metastases on follow-up. These patients had Stage II and
Stage Illc disease respectively. Compared to the study by Brothers et
al. (21) who reported progression in 29 out of 127 patients (22.8%) at
a median follow-up of 4.9 years in patients with abnormal initial scan
findings (20), ours was significantly lower. These differences are likely
due to two main factors, the first being that their study population
consisted of only Stage II and III breast cancer patients, whereas our
study population had 34.6% Stage I patients, with the rest being Stage
II and III. Secondly, the mean follow-up duration of our study was
shorter, which could have resulted in fewer lesions having progressed
to metastases.
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Due to our small sample size and with only two patients progressing to
metastatic lung disease, it was difficult to analyze them to determine
if there were any significant factors associated with development of
metastatic disease. Studies on indeterminate lesions found during
staging for breast cancer have been focused mainly on pulmonary
nodules. These studies have shown that significant risk factors
associated with the development of lung metastases included large
nodules 210 mm, multiple nodules, clinical Stage II-III and Grade
3 tumors (4, 21). This is similar to our two patients, who both had
two unilateral non-calcified lung nodules each, of which the largest
nodule measured >1 cm for both patients. Both patients also had a
higher clinical stage of breast cancer. A study conducted by Lee at
al. (4) concluded that sub-centimeter lung nodules with no other
evidence of distant metastasis posed a low risk of progression and
hence, should not preclude treatment with curative intent or entry
into clinical trials. Thus, we suggest that an individualized risk-
stratified approach, based on the probability of malignancy should be
adopted for patients with indeterminate lung lesions. We have used
serial CT imaging to monitor patients with indeterminate pulmonary
nodules as an alternative to more invasive testing, such as biopsy.
However, if progression of these indeterminate lesions is detected on
surveillance, further diagnostic investigations, such as bronchoscopy
or transthoracic needle aspiration/biopsy, can aid in excluding
malignancy. Although the optimal frequency of follow-up imaging is
unknown for these lung lesions in the setting of breast cancer, certain
surveillance protocols can be extrapolated from indeterminate lung
nodules in the setting of lung malignancy. According to the Fleischner
Society Guidelines, the duration and frequency of surveillance of an
indeterminate lung nodule is largely guided by the original size of
the lesion and the individual risk factors for lung malignancy (22).
Surveillance imaging at 3-monthly intervals during the first year after
incidental nodule is discovered and then 6-monthly in the following
year with high-resolution CT imaging has also been recommended

3).

Bone is another common site of distant metastases from breast cancer
and is the first affected site in a substantial proportion of women
(23, 24). Breast cancer guidelines and consensus recommendations
indicate that various imaging studies may be used for staging or
evaluation of bone metastasis in women with breast cancer (25, 26).
Although the first choice is often a nuclear medicine bone scan (or
bone scintigraphy), as this method shows only bone metabolism,
another imaging study might be needed for an accurate diagnosis.
This includes plain radiography, CT, magnetic resonance imaging
(MRI), single-photon-emission CT (SPECT) and F-18-Deoxyglucose
or Fluorodeoxyglucose (FDG) PET-CT (27). Bone scintigraphy relies
on the radiotracer Tc99m methyl diphosphonate (MDP), which
allows visualisation of uptake in regions of increased bone turnover
and osteoblast activity and a resulting increase in blood perfusion (28).
However, they are insensitive for tumours that are predominantly
lytic. Additionally, bone metastases in avascular sites of disease can also
result in false-negative scans due to the lack of increased perfusion that
typically accompanies osteoblastic activity (29). Hence several studies
have shown that FDG PET-CT or magnetic resonance imaging (MRI)
should be recommended in high-risk patients for further evaluation of
indeterminate bony findings due to their higher sensitivity (30, 31).

While incidental liver lesions are often found on cross sectional
imaging, they pose a particular challenge for oncology patients when
they are deemed indeterminate or too small to characterise. There are
no established guidelines as of yet about how extensive or aggressive

workup should be. In a study done by Khalil et al. (5), the presence
of at least one indeterminate liver lesion was found in 29% of women
with breast cancer who had cross sectional imaging performed. More
than two-thirds (69%) of these women had follow-up imaging which
showed the majority of the lesions were either unchanged (92%) or
had disappeared (4%). Overall, in 92.7%-96.9% of women with
indeterminate liver lesions, these lesions were eventually benign, after
a median follow-up of 54 weeks. The same authors also evaluated
the role of MRI in breast cancer patients with liver lesions on CT
imaging (32). Out of 38 patients with indeterminate liver lesions on
CT, only two eventually had metastatic liver disease on MRI liver. In
the women who had indeterminate lesions even on MRI liver who
received further workup (n = 8) such as biopsy or surveillance imaging,
all had benign disease. The authors concluded that in these patients
with indeterminate liver lesions, MRI of liver offered minimal further
benefit in the majority of their patients, and they did not recommend
immediate work-up with MRI or biopsy. In our opinion, one further
utility of the MRI would be the confirmation of a benign diagnosis
early in the diagnostic work-up. This would help to ease frequency of
surveillance imaging as well as patient anxiety. Hence in a centre where
resources permit, an MRI liver can be considered as the subsequent
follow-up imaging after an initial CT finding of an indeterminate liver
lesion.

This study has several limitations. Firstly, its clinical relevance is
limited by its small sample size. Larger-scaled studies will be required
to determine the applicability of these findings. Secondly, this is a
retrospective cohort study and there was no standard follow-up protocol
for patients with these small uncharacterized extra-mammary lesions.
This is due to currently limited published data on the prevalence and
nature of such indeterminate lesions. Therefore, this study hopes to
contribute towards future efforts in creating a standardised protocol
for follow-up of such indeterminate lesions.

In conclusion, indeterminate extra-mammary lesions detected on
imaging for newly diagnosed breast cancer patients pose a pertinent
diagnostic challenge. Routine biopsy is generally not indicated due to
the indolent nature of the majority of these lesions. However, further
dedicated imaging, such as MRI or PET scan, can be considered
where resources are available. Continued surveillance imaging of such
lesions is recommended as a small, albeit noteworthy, proportion of
them eventually harbour actual metastatic disease. Clinicopathological
characteristics of the patients can also be considered in the eventual
surveillance strategy. We also suggest that these patients with primary
breast cancer and indeterminate extra-mammary lesions should be
offered treatment with curative intent.
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