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Abstract

Objective—Melanoma metastasis to the brain is associated with poor prognosis. We sought to
determine patient demographics and primary tumor factors associated with development of brain
metastasis (BM) and survival. We also investigated whether the BM detection setting (routine
screening vs. symptomatic presentation) affected clinical outcomes.

Methods—A database of melanoma patients seen from 1999-2015 at our institution was
reviewed to identify patients that developed BM. Patients with BM were matched by initial stage
with patients who did not develop BM as a control group. Patient demographics, primary tumor
characteristics, and clinical outcomes were analyzed.

Results—123 patients with BM were matched by initial presenting stage to 237 patients without
BM. Characteristics of the primary melanoma tumor associated with BM development included
location on the scalp (P=0.030), nodular histologic type (P=0.020) and Breslow depth >4mm
(P=0.048), while location on the leg was associated with decreased BM risk (P=0.006). In patients
with BM, time to first recurrence for melanomas of the scalp was significantly shorter (10.8 vs.
24.8 months, p=0.007) than non-scalp head and neck tumors. Patient stage, tumor depth, nodular

Correspondence: Doug Grossman, MD, PhD, Huntsman Cancer Institute, 2000 Circle of Hope, Suite 5262, Salt Lake City, UT 84112;
(801) 581-4682, doug.grossman@hci.utah.edu.
These authors contributed equally.

The authors have no conflicts of interest to declare.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gardner et al.

Page 2

type, and ulceration were also associated with worse clinical outcomes. There were no differences
in clinical outcomes between patients whose BM were detected upon routine screening vs. upon
symptomatic presentation.

Conclusions—~Factors predictive of developing BM included primary scalp location, nodular
type, and depth. In BM patients, scalp location, stage, tumor depth, nodular type and ulceration,
but not detection setting, were associated with worse clinical outcomes.
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Introduction

Methods

Patients

In the United States, invasive melanoma is the fifth most common type of cancer in men and
the seventh most common type in women, with 76,380 new cases predicted in 2016 and
increasing incidence and mortality rates [1]. After lung and breast cancer, melanoma is the
most common cancer that metastasizes to the brain [2]. Approximately 10% of patients with
a history of invasive melanoma will ultimately develop brain metastasis (BM) [2], which
contributes significantly to melanoma-related morbidity and mortality [3,4]. Treatment of
BM is difficult, and historically such patients have had an overall survival in the range of 3-6
months [4-7]. Although average survival for these patients has improved in the current era of
targeted and immune therapies [2] and with advances in radiotherapy, there remains a need
to enhance our understanding of the tumor- and patient-related factors that may be
associated with BM development and survival.

Previous studies examining factors predictive of melanoma BM have shown an association
with depth and ulceration of the primary tumor as well as location on the head and neck
[5,8-10]. In this study, along with analyzing additional patient demographic and primary
tumor factors that may be associated with the development of BM, our aim was to
investigate the impact of BM detection setting (routine screening vs. symptomatic
presentation) on clinical outcomes. We also separately examined clinical outcomes of scalp
primary tumors given their unique histopathology and patterns of recurrence relative to other
head and neck primary sites.

This project was approved by the University of Utah Institutional Review Board (#76927).
Our database architect (C.B.R.) initially queried our prospectively accrued Melanoma
Clinical Cancer Database (approximately 5500 patients, years 1999-2015) for melanoma
patients with BM who did not have multiple primary tumors and had a diagnosis of BM
recorded on or after the date of the primary tumor. We identified 134 unique patients, and
then excluded those with primary of: ocular melanoma (2), gastrointestinal or esophageal
melanoma (4), preceding diagnosis of other malignancy (except non-melanoma skin cancer)
such as lung, breast, or colon cancer (2), history of greater than one primary invasive
melanoma (1), and those with calvarial metastasis but without BM (2). After these
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exclusions, a total of 123 patients with BM were remaining for study. A biostatistician
(K.M.B.) randomly selected control subjects from the same database to obtain
approximately double the number of patients without BM in each stage category. Briefly,
patients were first stratified by stage, then for each stage stratum they were randomly
permuted using the “sample” command in R software (version 3.2.1, Vienna, Austria). For
each grouping, approximately twice the number of patients with BM were selected to serve
as controls, starting at the top of the permuted list of patients. A total of 237 patients were
thus identified as not having developed BM and served as the control group.

Data analysis

Results

The accuracy of all data for all patients was confirmed by manual review of the electronic
medical record. Variables for which data entries in the database and medical record were
missing or not explicitly stated were considered unknown. Mitotic rate and presence of
nevus precursor in the primary melanoma specimen were not analyzed because data was
missing or could not be confirmed in the majority of patients with BM. Analyses comparing
the patients with BM and the control patients without BM was performed using R software.
Fisher's Exact test was used for comparisons of categorical data. Multivariate analysis was
performed using a logistic regression model for including all variables that were significant
on univariate analysis. Analyses of clinical outcomes in the patients with BM was performed
using GraphPad Prism software (version 6.01, La Jolla, CA). Patients presenting with an
event such as recurrence or BM at time zero were excluded from analyses of clinical
outcomes. Log rank (Mantel-Cox) tests were used to compare survival curves. P values <
0.05 were considered statistically significant.

Factors associated with development of BM

We identified 123 patients with melanoma brain metastasis (BM) and 237 stage-matched
patients without BM. Their demographics are summarized in Table I. A comparison of the
two cohorts confirms that they are matched for stage (P=1.00). There was no predilection for
male sex (P=0.12) or family history of melanoma (P=0.14). Both groups were segregated
into approximate quartiles by age, and patients with BM were more likely to be in the 40-49
age grouping (P=0.038).

The primary tumor characteristics of the two groups are summarized in Table I1. Analysis of
primary tumor body site revealed several significant differences. First, patients with BM
were significantly more likely to have a tumor that originated on the scalp (P=0.03) and
significantly less likely to have a tumor that originated on an extremity (P=0.006). On
multivariate analysis, extremity location remained negatively associated with BM
development (P=0.017). Second, patients with BM were significantly more likely to have a
nodular melanoma (NM) histologic type (P=0.02), although global comparison of all
histologic types was not significant (P=0.11). With respect to Breslow depth, patients with
BM were significantly less likely to have primary tumors <1 mm (P=0.046) and significantly
more likely to have primary tumors >4 mm (P=0.048) although global comparison (for
trend) of depth quartiles was not significant (P=0.11). We found a significant correlation
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between Breslow depth and NM type (P < 2.2e-16), and in multivariate analysis NM type
was no longer a significant predictor and tumor depth trended toward significance
(P=0.058). No differences were observed between the two groups with respect to ulceration
of the primary tumor (P=0.27). Finally, there was no difference in driver mutations detected,
although mutation testing was not done in most patients without BM (Table II).

Clinical characteristics of patients with BM

In patients who ultimately developed BM, the most common first site of melanoma
recurrence was the brain (33%), followed by lung (23%), skin (21%), and lymph node
(16%). The most common cutaneous site of recurrence was head and neck, followed by
trunk (Table I11). Upon initial diagnosis of BM, patients tended to have multiple rather than
solitary BM (56% vs. 44%), with most of these patients having greater than 5 BM (Table
I11). Neither the site of primary tumor (Fig. 1A, P=0.40) nor its histologic type (Fig. 2A,
P=0.96 or 1.00 excluding “Other” category) significantly correlated with the initial presence
of solitary or multiple BM. BM were more commonly detected in the context of routine
screening rather than emergent symptoms (62% vs. 38%); of the patients who presented with
symptoms leading to diagnosis of BM, most (76%) were not undergoing routine screening
(Table 111). While there was not a significant correlation of location (in general) and routine
screening/symptoms (Fig 1B, P=0.14), patients with BM detected by routine screening were
significantly more likely to have tumors originating on the trunk (Fig. 1B, P=0.047). The
distribution of nodular and superficial spreading tumors was not significantly different in
patients with BM detected in the context of routine screening vs. emergent symptoms (Fig.
2B, P=0.26 or 1.00 excluding “Other” category), and between male and female patients (Fig.
2C, P=0.56 or 0.74 excluding “Other” category). Finally, while there was not a significant
correlation in patients who developed BM between location (in general) and their sex (Fig.
1C, P=0.079), males were more likely to have tumors originating on the trunk P=0.092),
while an extremity was the most common site of primary tumor in females (P=0.015).

Clinical outcomes in patients with BM

Median follow-up periods from date of primary tumor diagnosis and date of initial BM
detection were 3.79 years (range 0.17-48) and 0.68 years (range 0.10-13), respectively. As
expected, time to first recurrence in BM patients was significantly dependent on their initial
tumor stage (Supplementary Fig. 1A, P<0.001), as average recurrence-free survival was
shortest for stage 111 patients (13.8 months), followed by stage 11 patients (18.6 months) and
stage | patients (55.5 months). Similar trends were observed for average time to first BM
(Supplementary Fig. 1B, P<0.001) and average overall survival (Supplementary Fig. 1C,
P<0.001). Analysis of primary tumor location revealed that BM patients whose tumors
originated on the skin of head and neck had shorter times to first recurrence compared to
those with tumors originating on the extremities or trunk (16.1 vs. 23.8 and 37.3 months,
respectively, Fig. 1D). Similar trends were seen for average time to first BM (Fig. 1E) and
average overall survival (Fig. 1F), although none of these were statistically significant.

The poorer prognosis for patients with primary tumors of the head and neck was driven
largely by tumors of the scalp, as patients with scalp tumors fared significantly worse than
those with other head and neck tumors with respect to time to first recurrence (10.8 vs. 24.8
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months, P=0.007, Fig. 1G). Times to first BM (28.8 vs. 34 months, Fig. 1H) and overall
survival (24.3 vs. 42.2 months, Fig. 11) were also shorter in those with scalp compared to
other head and neck melanomas, but these differences were not statistically significant.

Patients with nodular melanomas had significantly shorter times to first recurrence (11.4 vs.
36.1 months, P=0.013, Fig. 2D) and to first BM (25.5 vs. 52.0 months, P=0.046, Fig. 2E)
than those with superficial spreading tumors. Overall survival was also worse in patients
with nodular tumors, but the difference was not statistically significant (P=0.28, Fig. 2F).
Consistent with the stage-dependent associations with clinical outcomes, times to first
recurrence (P<0.001, Fig. 3A) and first BM (P=0.002, Fig. 3B), and overall survival
(P<0.001, Fig. 3C) were significantly related to depth of the primary tumor. Similarly, the
presence of ulceration in the primary tumor was significantly associated with shorter time to
first recurrence (12.4 vs. 43.2 months, P<0.001, Fig. 3D), shorter time to first BM (24.4 vs.
53.6 months, P<0.001, Fig. 3E), and worse overall survival (34.6 vs. 68.0. months, P<0.001,
Fig. 3F).

Finally, we examined whether the initial detection setting of BM (i.e. in context of routine
screening vs. presenting symptoms) was associated with different clinical outcomes. We
found that BM patients had similar times to first recurrence, first BM, and death regardless
of the detection context (Supplementary Fig. 2A-C).

Discussion

Prior retrospective studies of melanoma patients with BM examined cohorts ranging in size
from 49 to 670 patients [5,6,8-12]. The rate of BM in these cohorts was approximately 10%
[5,6,8,9,11,13], which corresponds to the expected risk of developing BM after a diagnosis
of primary cutaneous melanoma [2]. Our cohort of 123 melanoma patients with BM
represented just over 2% of patients in our melanoma database; this lower percentage likely
reflects the composition of our database, which contains many patients with melanoma in
situ. Our analysis of melanoma patients with BM and a stage-matched group without BM
revealed several factors significantly associated with the development of BM that have been
described in some, but not all previous studies as discussed below. We observed positive
associations of advanced Breslow depth (>4 mm) and an inverse association with primary
tumor location on the leg. We also found that advanced stage, greater tumor depth, nodular
type, and ulceration were associated with worse clinical outcomes. Finally, we observed no
difference in clinical outcomes between patients whose BM were detected upon routine
screening compared to those who presented with neurological symptoms.

Melanoma metastasis from the primary cutaneous tumor often occurs via the lymphatic
system, but hematogenous spread is also possible, particularly in cases where there is
recurrence following negative sentinel lymph node biopsy or complete lymph node
dissection [14-16] or in early stage patients who did not get sentinel node staging and had no
evidence of nodal recurrence. Whether BM occurs predominantly via hematogenous or
lymphatic spread is not clear, although Jackson et al. [17] reported that for patients with
resected stage 111 melanoma there is no lymph node feature (i.e. nodal region, nodal size,
number of involved nodes, presence of extra-capsular spread) associated with the
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development of BM. We did not examine these lymph node features or whether patients
receive complete lymph node dissection as variables that may be associated with BM. We
found that BM development was associated with primary tumor location on the scalp and
inversely associated with location on the leg. Interestingly, our findings are consistent with a
recent report by Gorka et al. [11] showing that risk of BM correlated with proximity of the
primary tumor to the brain. Multiple studies [6,8,9,11,13,18,19], but not all [10,17], have
shown that primary tumors of the head and neck were more likely to develop BM. In our
cohort, patients with primary tumor of the scalp accounted for most of the difference in
clinical outcome between those with head and neck tumors and other sites, as those with
head and neck tumors excluding scalp behaved similarly to those with tumors on an
extremity. Similarly, Bottoni et al. [13] reported that axial sites were more likely to develop
BM than peripheral ones. Kadakia et al. [18] found that the scalp subsite was associated with
worse prognosis among patients with head and neck melanomas. We have previously
reported that blood and lymphatic vessel density is increased in the scalp compared to torso
and extremity, as indicated by CD31 and D2-40 staining, respectively [20]. Although
correlations between lymphatic density and melanoma metastasis has been reported [21], the
issue remains controversial [22] and a histological study of scalp melanomas found high
rates of both vascular and lymphatic invasion [23]. In addition, Hung et al.[24] observed
angiotropism in 14/20 primary tumors that developed BM. We could not address this issue
since the presence or absence of lymphovascular invasion was not recorded in our database.

Our study confirms the correlation of BM development with advanced tumor stage,
particularly including Breslow depth >4 mm [5,6,8,11,19] as reported by others. We did not
find that ulceration was associated with BM, as seen in two prior studies [10,17], although
multiple other studies [5,6,8,9,11] reported a correlation. Curiously, Frankel et al. [10] found
that thinner primary tumors were associated with BM, although we observed a lower
frequency of BM in patients with tumors <1 mm in depth. Although other studies [8,25]
found that NM histologic type was associated with BM development, we did not see this
when corrected for tumor depth. Our patients with BM were predominantly male, as seen in
other studies [8,12,17,26], although our stage-matched control group was similarly male-
predominant. A review of multiple studies concluded that male patients with BM have a
poorer prognosis [18], although we did not address that issue here. We saw a similar
distribution of SSM and NM histologic types in our males and females with BM, although
females had relatively fewer primary tumors on the scalp. All clinical outcomes we
examined were stage-dependent, as patients with stage 111 tumors (followed by stage Il and
stage | tumors) had shorter times to first recurrence, first BM, and death. These findings are
consistent with those of Bottoni et al. [13] who reported that sentinel lymph node positivity
was the strongest predictor for BM development.

Several studies noted that mutational genotype of the primary tumor was associated with
BM development. Jakob et al. [27] reported a higher prevalence observed in BRAF-mutant
(24%) and NRAS-mutant (23%) patients than in “wild-type” patients (12%), and Maxwell et
al. [28] similarly found that BRAF mutations were associated with an increased risk of BM.
On the other hand, Schoenewolf et al. [25] found that BRAF mutant versus wild-type tumors
showed no significant differences in propensity for BM. In our cohort, we did not see a
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difference in BRAF-positivity in patients with BM, although most patients in our control
group did not have mutation testing.

Our study had several limitations inherent in a retrospective analysis including potential
patient selection bias and incomplete data for some variables of potential importance.
Additionally, most of our patients were diagnosed and succumbed to BM prior to the advent
of newer systemic therapies as noted above, and we did not examine the effect of the
surgical, radiotherapeutic, or medical treatments they received. The ideal control group
would be patients who developed metastatic disease at sites other than the brain. A limitation
of our control group is that although these patients were matched to our BM patients by
initial tumor stage, not all these patients ultimately developed metastatic disease. In fact, we
were able to confirm development of stage 1V disease in only 10/237 (8.4%) of our control
patients and lack of distant metastasis in only 79/237 (33.3%); for the remainder of our
control patients (100/237, 42.2%), we did not have recent follow-up to ascertain this
information. In reviewing the literature, we note that of nine studies examining melanoma
BM, four had no control group [4,12,26,29], four had a control group similarly constructed
as ours [5,6,8,9], and only one had a control group with non-brain distant metastasis [10].

Approximately 12% of patients with metastatic melanoma will have asymptomatic BM [30].
Vecchio et al. [7] found that such patients without clinical symptoms experienced a
statistically significant better survival than patients with clinical symptoms, although this
issue was not addressed in most prior studies of melanoma BM. By contrast, we found no
differences in clinical outcomes (times to first recurrence, first BM, and death) in patients
where BM was first detected by routine screening compared to those who had clinical
symptoms prompting an imaging study that revealed BM. While the presence of symptoms
may reflect the presence of more serious brain involvement, it may also result in earlier
detection and treatment. On the other hand, detection of BM on screening may lead to the
appearance of improved survival due to lead time and length time biases. Thus the similar
survival regardless of method of BM detection may indicate that survival is driven primarily
by how treatable the systemic disease burden is. Although the implications for screening
guidelines are unclear, it is important to note that while many of our patients who developed
BM prior to 2010 may not have substantially benefitted from earlier detection of BM, that
may not be the case in the present era with the advent of targeted and immunotherapies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Analysis of primary tumor location. A, Breakdown of primary melanoma site and number of
BM detected (numerous, >1; solitary, 1). B, Breakdown of primary melanoma site and
detection setting for BM (symptoms vs. routine screening). C, Distribution of primary
melanoma sites by sex. Two-sided Fisher's Exact tests were used for analyses of primary site
and number of BM, detection setting, and sex (see text). Patients with brain metastasis (BM)
were grouped by site of primary melanoma and times (in months, m) to D, development of
first recurrence; E, diagnosis of first BM; and F, death were plotted. G-I, Subset analyses of
patients with primary head and neck (excluding scalp) and scalp tumors. Number of patients
(n) in each group and median times to events are shown in parentheses. P values based on

log rank tests.
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Figure2.
Analysis of primary tumor histologic pattern. Distribution of superficial spreading (SSM)

and nodular (NM) melanoma types among patients A, with numerous (>1) or solitary (1)
brain metastases (BM) detected; B, based on detection setting for BM (symptoms vs. routine
screening); and C, by patient sex. Two-sided Fisher's Exact tests were used for analyses of
primary tumor histologic pattern and number of BM, detection setting, and sex (see text).
Patients with BM were grouped by primary tumor histologic pattern and times (in months,
m) to D, development of first recurrence; E, diagnosis of first BM; and F, death were
plotted. Number of patients (n) in each group and median times to events are shown in
parentheses. P values based on log rank tests.
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Figure 3.
Analysis of primary tumor depth and ulceration. Patients with brain metastasis (BM) were

grouped by depth of primary tumors and times (in months, m) were plotted to A,
development of first recurrence; B, diagnosis of first BM; and C, death. Patients with BM
were grouped by presence or absence of ulceration in primary tumors and times (in months,
m) were plotted to D, development of first recurrence; E, diagnosis of first BM; and F,
death. Number of patients (n) in each group and median times to events are shown in
parentheses. P values based on log rank tests.
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Patient demogr aphics

Table |

Patientswith BM Patientswithout BM | pvalue™
Total patient number 123 237
Stage at initial diagnosis# 1.00, global
I 42 (34.71%) 80 (33.76%) 0.91
1A 17 (14.05%) 34 (14.35%) 1.00
IB 25 (20.66%) 46 (19.41%) 0.78
I 25 (20.66%) 49 (20.68%) 1.00
1A 8 (6.61%) 17 (7.17%) 1.00
1B 11 (9.09%) 22 (9.28%) 1.00
Inc 6 (4.96%) 10 (4.22%) 0.79
I 36 (29.75%) 70 (29.54%) 1.00
A 11 (9.09%) 24 (10.13%) 1.00
B 17 (14.05%) 30 (12.66%) 0.74
Inc 8 (6.61%) 16 (6.75%) 1.00
v 18 (14.88%) 38 (16.03%) 0.88
Sex
Male 88 (71.54%) 137 (57.81%) 0.12
Female 35 (28.46%) 100 (42.19%) 0.12
M:F ratio 251 1.37
Ageat initial diagnosis median 51, range 11-86 | median 53, range 7-79 | 0.043, global
<40 28 (22.76%) 73 (30.80%) 0.14
40-49 28 (22.76%) 33 (13.92%) 0.038
50-59 32 (26.02%) 47 (19.83%) 0.18
>60 35 (28.46%) 84 (35.44%) 0.20
Family history of melanoma™
Yes 13 (12.50%) 35 (20.11%) 0.14
No 91 (87.50%) 139 (79.89%) 0.14

BM, brain metastasis.

*
Fisher's Exact test

#Stage unknown in 2 patients with BM.

+
Patient reported. Unknown for 19 patients with BM and 63 patients without BM.
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Table Il
Primary tumor characteristics

Patientswith BM | Patientswithout BM | Pvalue” (univariate) | P value# (multivariate)
Primary tumor location 0.014, global
Head & Neck 36 (29.27%) 57 (24.05%) 0.31
Scalp 17 (13.82%) 15 (6.33%) 0.030 0.11
Face 16 (13.00%) 29 (12.24%) 0.87
Neck 3 (2.44%) 13 (5.49%) 0.28
Trunk 46 (37.40%) 75 (31.65%) 0.29
Chest & Back 45 (36.56%) 74 (31.22%) 0.34
Axilla 1 (0.81%) 1 (0.42%) 1.00
Extremity 37 (30.08%) 103 (43.46%) 0.017
Arm 22 (17.89%) 45 (18.99%) 0.89
Leg 15 (12.20%) 58 (24.47%) 0.006 0.017
Other 4 (3.25%) 2 (0.84%) 0.19
Genital 2 (1.63%) 2 (0.84%) 0.61
Unknown primary 2 (1.63%) 0 (0.00%) 0.12
Histologic type™ 0.11, global
SSM 35 (40.70%) 94 (51.09%) 0.12
NM 33 (38.37%) 44 (23.91%) 0.020 0.56
LMM 9 (10.47%) 27 (14.67%) 0.44
Other 9 (10.47%) 19 (10.33%) 1.00
Breslow depth% 0.11, trend 0.058, trend
<1.00 mm 27 (23.68%) 78 (34.51%) 0.046
1.00-1.99 mm 32 (28.07%) 65 (28.76%) 1.00
2.00-3.99 mm 24 (21.05%) 43 (19.03%) 0.67
>4.00 mm 31 (27.19%) 40 (17.70%) 0.048
UIceration?fL
Absent 66 (59.46%) 133 (66.17%) 0.27
Present 45 (40.54%) 68 (33.83%) 0.27
Mutation teﬂing//
BRAF 20 (48.78%) 7 (50.00%) 1.00
NRAS 7 (17.07%) 1 (7.14%) 0.66
C-kit 3 (7.32%) 0 (0.00%) 0.56
No mutation detected 11 (26.83%) 6 (42.86%) 0.32

BM, brain metastasis.
*
Fisher's Exact test

#o .
Logistic regression model
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+
Histologic type was unknown in 37 patients with BM and 53 patients without BM.

ﬁéBreslow depth was unknown in 9 patients with BM and 11 patients without BM.

7;LUIceration was unknown in 12 patients with BM and 36 patients without BM.

/A . . . . . .
Mutation testing not done (or results unknown) 82 patients with BM and 223 patients without BM.
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Table Il

Clinical features of patientswith BM

# Patientswith BM

Total patient number 123
1st recurrencesite™
Cutaneous 24 (20.69%)
Trunk 5 (4.31%)
Arm 4 (3.45%)
Face 4 (3.45%)
Neck 4 (3.45%)
Scalp 3 (2.59%)
Axilla 1 (0.86%)
Buttock 1 (0.86%)
Groin 1(0.86%)
Leg 1 (0.86%)
Brain 27 (23.28%)

Brain + at least 1 other site | 11 (9.48%)

Lung 27 (23.28%)
Lymph node 18 (15.52%)
Other 9 (7.76%)

Initial number of BM #

1

51 (43.59%)

>1

66 (56.41%)

16 (13.68%)

4 (3.42%)

1(0.85%)

albsr|lw N

4 (3.42%)

>5

41 (35.04%)

1st BM detection”

Screening

73 (61.86%)

Symptomatitﬁé

45 (38.14%)

BM, brain metastasis.

*
15t recurrence site unknown in 7 patients.

Initial number of BM was unknown in 6 patients.

+
Basis for detection unknown in 5 patients.

Page 16

ﬁéOf the 45 patients who were symptomatic, 34 (76%) were not undergoing routine screening and the remaining 11 (24%) were being routinely

screening but had emergent symptoms that prompted an unscheduled MRI or CT scan.
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