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Abstract

Lung cancer is often classified by the presence of oncogenic drivers, such as epidermal growth
factor receptor (EGFR), rather than patterns of anatomical distribution. While metastatic spread
may seem a random and unpredictable process, we explored the possibility of using its
quantifiable nature as a measure of describing and comparing different subsets of disease. We
constructed a database of 664 non-small cell lung cancer (NSCLC) patients treated at the
University of Southern California Norris Comprehensive Cancer Center and the Los Angeles
County Medical Center. Markov mathematical modeling was employed to assess metastatic sites
in a spatiotemporal manner through every time point in progression of disease. Our findings
identified a preferential pattern of primary lung disease progressing through lung metastases to the
brain amongst £GFR mutated (EGFR™) NSCLC patients, with exon 19 deletions or exon 21
L858R mutations, as compared to EGFR wild type (EGFRY). The brain was classified as an
anatomic “sponge”, with a higher ratio of incoming to outgoing spread, for EGFR™ NSCLC. Bone
metastases were more commonly identified in EGFRM patients. Our study supports a link between
the anatomical and molecular characterization of lung metastatic cancer. Improved understanding
of the differential biology that drives discordant patterns of anatomic spread, based on genotype
specific profiling, has the potential to improve personalized oncologic care.
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INTRODUCTION

Metastatic spread in lung cancer typically involves the contralateral lung, liver, bone, brain
and lymph nodes. This is a seemingly random process, which has not yet been well
quantified. Rather than defining lung cancer by its pattern of anatomical distribution, subsets
of this disease are more commonly defined by oncogenic drivers such as EGFR (epidermal
growth factor receptor), ALK (anaplastic lymphoma kinase), and ROSZ (ROS1 proto-
oncogene receptor tyrosine kinase). These driver mutations are both clinically predictive and
prognostic, as these subtypes respond to targeted therapeutic agents.1-3

When comparing primary £GFR mutated (EGFR™) lung cancer, including exon 19 deletions
and exon 21 L858R mutations, with EGFR wild type (EGFR"Y) lung cancer, these subtypes
have been anecdotally reported to differ in their anatomic patterns of local progression.4=/
Tseng et al® noted that primary £GFR™ lung cancers occur more frequently in the upper
lobe compared to EGFRM, while Enomoto et al® reported that primary £GFA™ tumors had
significantly lower nodal stage compared to wild type. Studies have also suggested distinct
metastatic profiles when comparing EGFR™ with EGFR™ lung cancer. Among patients with
locally advanced disease treated with chemoradiation, EGFR™ tumors recur with distant
metastases more often than wild type.210 In addition, at least two studies found that the
brain was the most common site of distant metastases for EGFR™ tumors.%:11

A number of studies have suggested a predilection of EGFR™ lung cancer to spread towards
the bone,12 lung,>13-16 Jiver,4 and brain.12:17.18 Hasegawa et al'3 described an increased
frequency of bilateral lung metastases among patients with £GFR™ lung tumors. Wu et al1?
reported that the presence of liver metastases was associated with bone metastases as well as
a trend towards lung metastases. Additional studies suggest that anatomical differences in
metastatic spread exist between exon 19 deleted and exon 21 mutation £GFR™ tumors as
well 820

Of particular interest to the authors is the evidence that EGFR™ non-small cell lung cancer
(NSCLC) prefers the brain as a metastatic site. The percentage of EGFR™ lung cancer
patients who present with brain metastases at diagnosis has been estimated at 15.7-49%.
6.7,9.11,12,15,16,18,21-25 Rangachari et al” reported the percentage of patients with EGFR™
lung cancer who develop brain metastases increases from 24% at diagnosis up to 52.9% by 5
years. Sekine et al?6 demonstrated that £GFR™ lung cancer patients tended to have a
significantly higher number of synchronous brain metastases at diagnosis compared to
EGFRM patients. It remains unclear why patients with £GFR™ lung cancers display
increased brain metastases. These patients clearly live longer and as such, have a higher
lifetime risk, but whether there is also a different causative biology remains to be
determined.

Markov modeling is a probability based method that can be used to model randomly
changing systems, and thus may provide a more accurate means for assessing patterns of
metastatic cancer spread.2” These models function under the assumption that future events
occur independently of past events, and only consider the current state of the system. This
approach is useful for complex decision problems such as metastatic cancer, where risk of
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metastatic events is continuous over time, metastatic events may occur more than once, and
the timing of these events has distinct clinical outcomes.28

In this study, we constructed a database of NSCLC patients compiled from the University of
Southern California Norris Comprehensive Cancer Center (NCCC) and the Los Angeles
County Medical Center (LAC). We utilized Markov modeling to assess metastatic patterns
from time of diagnosis through treatment history, but also the anatomic pathways by which
metastases disseminate. For each patient, we evaluated each anatomic metastatic site at
every time point of disease progression. Using this strategy, we quantified the likelihood of
top metastatic pathways and conducted Monte Carlo computer simulations as a model for
cancer progression. Stochastic modeling was used to simulate metastatic spread by means of
random walk processes on directed graphs. Employing the forecasting model of Newton et
al,2” we characterized metastatic sites as ‘spreaders’ and ‘sponges’ based on their ratio of
outgoing to incoming probability of spread. We then assessed for differences, using these
methodologies, specifically between patients with EGFR and EGFR™ NSCLC.

MATERIALS AND METHODS

Database

This retrospective study was approved by the University of Southern California Institutional
Review Board, which waived the need for informed consent, given the anonymity of all
patients and non-invasive nature of this study.

A retrospective database of patients treated at both NCCC and LAC was created using a
tumor registry of patients with NSCLC diagnosis between the years 2005-2015. Among 548
charts at NCCC, and 820 charts at LAC, 262 patients and 402 patients, respectively, met
eligibility criteria and were included for analysis, totaling 664 NSCLC patients. Among
these patients, well characterized £EGFR mutation testing for exon 19 deletions or exon 21
L858R mutations, was available for 161 (24.3%) patients and is included in this analysis.
The database also included patient characteristics such as age, gender, smoking history, past
medical history, histology, performance status, clinical/surgical staging, treatment history
(including surgery, radiation and systemic therapy), use of clinical trials and metastatic sites
at each time point of progression. In total, 23 anatomical sites (see legend in Figure 3) were
included for analysis as metastatic sites.

Eligibility Criteria

Inclusion criteria required a confirmed pathological diagnosis of NSCLC at either NCCC or
LAC. NSCLC histology subtypes included were: adenocarcinoma, squamous cell, large cell,
mixed, or not otherwise specified. Patients with small cell lung cancer, a second/concomitant
malignancy within the last 5 years (excluding superficial basal cell cancer or squamous cell
skin cancer that was treated by excision alone), or cancer of unknown primary were
excluded from the study. In addition, patients who were immediately placed on hospice at
diagnosis, who immediately died at diagnosis, or with insufficient follow-up (only initial
visit) were excluded. Among those included, metastatic sites were documented from
diagnosis and at every time of clinical progression. Patients with documented EGFR
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mutation testing that showed exon 19 deletions or exon 21 L858R mutations, or EGFR wild
type were included in this analysis; patients with no testing, insufficient tissue or unknown
EGFR status were excluded.

Radiographic Analysis

Metastatic sites were documented based on specific radiographic or histologic criteria
consistent with RECIST criteria.2® Lesions documented by tissue biopsy and
hypermetabolic lesions as seen on PET were included. Pleural effusions were included if
either documented by cytology from thoracentesis, hypermetabolic based on PET,
symptomatic or clinically responsive to treatment. Lung nodules located in a contralateral
lobe and pleural nodules were documented as metastatic lung lesions separate from lung
primary. Bone metastases, as detected unequivocally by bone scan with increased uptake,
sclerotic appearance or multiple lesions, were included. Lesions less than 1 cm in diameter
were not included as a metastatic site, unless they were symptomatic, hypermetabolic or
grew with progression of disease.

Markov Mathematical Modeling

RESULTS

Based on the database of lung cancer patients compiled from NCCC and LAC, we evaluated
every time point of disease progression, starting at diagnosis, by means of a Markov chain
model. The Markov model makes the simple assumption that progression from one state to
the next occurs as a random walk on a weighted network with no history dependence, other
than the fact that the tumor originated in the lung. This is ideal for our analysis because we
are not required to define specific biomechanical, biochemical, or genetic reasons for
metastatic spread. Rather, all of this information is encoded in the transition probabilities
between each of the states in our model, thus defining the dynamics of how random walkers
traverse the network.

Using this method, we assessed metastatic patterns as they evolved over time and quantified
major pathways that emerged from Monte Carlo simulations of cancer progression. This
type of data is best visualized as a circular tree ring diagram, starting from the center and
expanding outwards. In doing so, we demonstrate the spatiotemporal progression of lung
cancer, as it disseminates through multiple anatomic sites of metastases over time. We
subsequently created reduced models which further illustrate the two most important steps
of progression from primary site to distant metastatic site. For each metastatic site, we
compared the probability of incoming spread to the probability of outgoing spread. Those
sites with a higher incoming probability were classified as “sponges”, while those with
higher outgoing probability were classified as “spreaders”.

NSCLC with EGFR Mutations

EGFR mutations, either exon 19 deletion or exon 21 L858R mutations, were documented in
a total of 62 patients (9.3%), while 99 patients had £EGFR" and the remaining 503 patients
either had insufficient tissue, were not tested, or had unknown status. Given that

standardized EGFR profiling began at our institution circa 2011, those patients with EGFR
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testing performed represent a more recent cohort from our database. EGFR™ NSCLC
patients showed a significantly higher percentage of Asians, and significantly lower average
smoking history, when compared to EGFR (Table 1). They were also more likely to have
more than four lines of therapy, and longer survival. Table 1 highlights additional
demographics between the two groups.

Survival Analysis

Overall survival was estimated from the date of diagnosis to the date of death/hospice or
date of last follow up (August 3, 2015). Based on Gehan-Breslow-Wilcoxon testing, EGFR™
NSCLC patients had significantly longer overall survival compared to EGFR (p=0.0005).
Survival curves appear in Figure 1.

Metastatic Sites for EGFR™ and EGFRW! NSCLC

Metastatic sites were tracked among all patients for up to 7 lines of therapy. Figure 2
displays the percentage of patients who presented with a metastatic site at any time
throughout clinical progression. Among £GFR™ NSCLC patients, the most frequent
metastatic sites were lung/pleura (occurring in 74% of patients), brain (37%), bone (26%),
distant lymph nodes (24%), liver (21%), and adrenal gland (13%). Among the EGFRM
group, the most frequent metastatic sites were lung/pleura (72%), bone (41%), brain (27%),
adrenal gland (23%), distant lymph nodes (22%), and liver (21%).

Spatiotemporal Progression

From the subsets of EGFR™ and EGFR lung cancer patients, we created spatiotemporal
diagrams spanning a 5-year period to illustrate the progression patterns of metastases. Figure
3 demonstrates the metastatic landscape at 5 years after diagnosis and throughout
progression of disease. Progression patterns are depicted from the innermost ring (primary
lung in gold), to the outermost ring. Each subsequent ring represents a metastatic site and is
color-coded accordingly (see legend in Figure 3). The circular arc length of a sector
represents the percentage of patients with each metastatic site involved, taking into account
the previous progression steps.

The tree ring diagrams depict a more preferential spread to the brain in EGFR™ patients as
compared to EGFRM. Direct lung => brain metastases occurred with a probability of 12.9%
vs 11.1% for EGFR™ and EGFR"t NSCLC respectively. Lung primary => lung metastases
—> brain metastases occurred with a probability of 16.1% vs 10.1% for EGFR™ and
EGFR" patients, respectively. Progression from lung metastases => brain metastases as
three and four step pathways also occurred with higher frequency amongst EGFR™ NSCLC,
compared to EGFRM NSCLC. In contrast, the lung primary => lung metastases => bone
metastases occurred with higher probability, 16.2% vs 6.5% for the EGFR™ group,
compared to EGFR™ NSCLC. All probabilities are listed in Table 2.

Markov chain networks were used to demonstrate the subsequent dynamics of metastatic
progression (Figure 4). Transition probability values were calculated and used to arrange
metastatic sites clockwise in decreasing order from the primary (located at 12:00 position).
The brain was the 2"d most probable (14.3% transition probability) metastatic site for
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EGFR™ NSCLC, while it was the 4t most probable (9.8%) metastatic site for EGFR
NSCLC. We also show deceased as a site and list it in the last position regardless of how
probable it is. The width of each chord at its base represents the one-step transition
probability from that site to its respective ending location. It is noted that for the EGFR™
network, the brain has transition probabilities to every other metastatic site (deceased
included), while in the EGFRV network, there are only transitions to 10 of the remaining 15
sites.

Metastatic sites as spreaders or sponges

All two-step pathways emanating from the lung were calculated and subsequently rank
ordered. We calculate one of these paths as the product of 2, one-step transition probabilities
(i.e. — Lung => Site A and Site A = Site B). Reduced Markov networks were then created
using the top 30 of these pathways emanating from the lung (Figure 5). These 30 two-step
pathways represent ~88% of all two-step pathways for EGFR™ (61 total pathways) and
EGFR' (62 total) patients. The metastatic sites depicted in these diagrams were used to
compute the probability of spread for incoming routes (#;;) and outgoing routes (~,,,). Sites
were classified as spreaders (shown in red and defined as #,,;+> Pj,) or sponges (shown in
blue and defined as P, < Pj,) based on their pathway probabilities. For each of these sites, a
spreader factor or a sponge factor was then calculated as the ratio of ~,,/P;, Greater
spreader factors represent stronger spreaders and conversely, smaller sponge factors
represent stronger sponges. For EGFR™ NSCLC the brain was a sponge (factor of 0.864),
while in EGFRY! NSCLC the brain was a spreader (factor of 1.041). For both cases though,
the adrenal gland was a sponge (factors of 0.720 for mutated and 0.235 for wild type).

DISCUSSION

The classic view of metastatic progression, based on Paget’s “seed-and-soil” hypothesis,
describes cancer spread in a unidirectional manner from primary tumor to distant metastatic
sites.30 However, this view has been challenged by multiple studies which suggest that
metastatic spread can be a multidirectional process, whereby circulating tumor cells, or
“seeds”, move in a number of ways: i) seeds from the primary tumor re-enter the primary
(primary self-seeding), ii) seeds from metastatic sites re-enter the primary (primary re-

seeding), or iii) seeds from metastases re-enter metastatic sites (metastasis re-seeding).
27,31,32

While other models have been used to predict clinical outcomes in lung cancer and other
malignancies, most of these models are primarily dependent on variables collected at a
single time point,33-35 and do not consider the dynamic nature of cancer as a process. In
contrast, Markov modeling can be used to track cancer progression in a longitudinal manner
over each patient’s lifetime, while also tracking multiple events (e.g. development of
metastatic sites) simultaneously. As such, this approach is more representative of the
multidirectional spread of cancer, whereby the direction in which seeds travel is independent
of their past directions.

Newton et al?” used Markov mathematical modeling to retrospectively analyze an autopsy
database of lung cancer patients and their patterns of metastatic spread. Their results support
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the notion that lung cancer progression is likely a multidirectional process, as opposed to a
unidirectional process. Their study also validated entropy as a metric for quantifying
complexity in metastatic spread of cancer based on the dynamic predictability of cancer’s
progression.32 However, there are notable differences with our study, as their database did
not differentiate small cell from non-small cell lung cancer, nor did it distinguish between
molecular subtypes, such as EGFR™ and EGFRY tumors. Furthermore, this data set
established adrenal glands and kidneys as key spreaders, while regional lymph nodes, liver
and bone were identified as key sponges for metastatic lung cancer.3! In contrast, our results
identified the bone, liver and lymph nodes as spreaders, and the adrenal glands as sponges.
Our results may indicate the impact of systemic therapy, given that the earlier study included
patients who were treated with surgery alone.

We employed Markov mathematical modeling in a database of actively treated NSCLC
patients, and in doing so, found notable differences between EGFR™ and EGFRV NSCLC.
First, our analysis identified the brain as an important sponge in £GFR™ lung cancer; this
adds to the already existing evidence of increased brain metastases in this subtype of lung
cancer. Second, our Markov models identified a high probability of preferential spread of
EGFR™ lung cancer from lung primary to lung metastasis and then to brain metastasis. It
should be noted that one limitation of our model is the small population of EGFR™ and
EGFRV! patients. As a result, we are unable to perform robust, quantitative statistics
between the two, but instead offer up a highly detailed, qualitative assessment of the
differences between these two groups. Larger datasets will allow for the creation of more
accurate models, including the possibility of refining further differences between different
genotype specific populations, such as ALK or ROS1 rearranged populations.

While other studies have described the incidence of brain metastases in association with
other metastatic sites among £GFR™ lung cancer,912:23.36 to our knowledge, this is the first
study that describes a spatiotemporal progression from lung metastases to brain metastases
in this population. Our patients with EGFR™ NSCLC were significantly more likely to be
treated with EGFR targeted therapy (p<0.0001), so we cannot rule out the possibility that
anatomic differences in progression are due to the impact of EGFR targeting drugs, rather
than the EGFR mutation itself. The underlying biology that drives the linkage between lung
metastasis and brain metastasis in EGFR™ NSCLC is a topic for future research with clinical
implications. One prospective strategy may be to target this pathway of progression (e.g.
radiation therapy to treat lung metastases) in the aim of hindering the development of brain
metastases in EGFR™ NSCLC patients with lung metastases.

Although EGFR™ NSCLC patients have more brain metastases, they also have longer
survival (see Figures 1 and 2).37-39 This may be indicative of improved treatment of
metastatic brain disease, including £GFR targeting agents such as gefitinib and erlotinib,
which have shown response rates of up to 60-80% in £GFR™ brain metastases.4%-43 Novel
EGFRtargeting agents with even greater central nervous system (CNS) penetration are
currently in development.4-46 These therapies may also have a critical role for patients with
EGFR™ pulmonary metastases, given the potential link with brain metastases that we have
described. In our study, approximately 80% of EGFR™ patients received EGFR targeting
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agents, compared to only 20% of EGFR™M patients, so we cannot discount the impact that
these agents may have had in dictating anatomic progression of disease.

Current guidelines for NSCLC, such as those from the National Cancer Comprehensive
Network (NCCN),4’ do not differentiate between EGFR™ and EGFR patients with respect
to the frequency and timing of brain imaging, yet brain metastases are a significant cause of
mortality and morbidity in the EGFR™ NSCLC population. If the presence of EGFR
mutations, particularly in the setting of multifocal and/or progressive lung disease, portends
increased risk for brain metastases, these patients may benefit from intensified CNS-specific
imaging. Multi-modality strategies to treat limited metastatic disease and oligometastases
have shown the potential to improve survival in advanced disease,*84? and may directly
impact the biology of EGFR™ lung cancer when combined with targeted therapy.>0

Our results also showed a trend towards increased bone metastases in the EGFRM
population, but without a specific anatomic pathway. NCCN guidelines do not recommend
bone-targeted imaging in the absence of clinical symptoms,#’ and asymptomatic bone
metastases can still be missed.>1:52 Given that bone-specific imaging and earlier
consideration of bone-targeting agents (i.e. zoledronic acid) for affected patients may lead to
decreased skeletal-related events and improved quality of life,3 the role of EGFR
mutational status in bone metastases should be further investigated.

Patients with £GFR™ lung cancer and isolated progression of bone metastases appear to
have better outcomes when treated with £GFR based therapy when compared to those with
systemic progression,>*5 but whether these differences are due to the EGFR mutation itself,
or the effects of EGFR inhibition is unknown.

In conclusion, we utilized Markov modeling to characterize the progression of EGFR™ lung
cancer from lung primary to lung metastasis and then to brain metastasis. Our findings
indicate that the molecular and anatomical characterization of metastatic cancer are
inherently connected. Further investigation is needed to delineate the underlying mechanism
of these anatomic differences in metastatic progression, which may have predictive and
prognostic utility in the management of personalized lung cancer. While there are currently
no standard tools for predicting metastatic spread, we anticipate that Markov modeling may
provide a vehicle for driving this approach forward in personalized lung cancer care.
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Figure 1.
Kaplan-Meier curves depict survival of NSCLC patients with EGFR™ and EGFR tumors

(all stages)
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Figure 2.
Histogram showing the frequency of most common metastatic sites among non-small cell

lung cancer patients with EGFR mutations and EGFR wild type
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Figure 3.
Spatiotemporal progression diagrams over a 5 year period for (a) EGFR™ and (b) EGFRM

lung cancer. Innermost to outermost ring illustrates progression patterns from primary lung
(inner golden ring) through formation of metastases (subsequent rings). The circular arc
length of each ring represents the percentage of patients that progressed to that particular
metastasis.
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Figure 4.

Markov chain network diagrams for (a) EGFR™ and (b) EGFRM lung cancer shown as
circular chord diagrams with primary located at the 12:00 position. Metastatic sites are
ordered clockwise from the primary in decreasing transition probability. Chord widths at
their respective starting locations represent one-step transition probabilities between two
sites.
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Figureb.
Reduced Markov diagrams showing the top 30 two-step pathways emanating from primary

lung cancer (outer golden ring) for (a) EGFR™ and (b) EGFR™. The bottom value indicates
the percentage of all two-step pathways that the figure represents. Nodes are classified as a
“spreader” (red) or “sponge” (blue) based on the ratio of their outgoing and incoming
probabilities. Two-step probabilities as well as P, and P, values can be found under
Supplemental Figures.
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Table 1

Patient demographics between EGFR™ and EGFRM NSCLC

EGFR™ (n = 62)

EGFR™ (n = 99)

Median age 60 62 p=0.31
Gender
Female 43 (69.4%) 59 (59.6%) p=0.23
Male 19 (30.6%) 40 (40.4%) £=0.20
Ethnicity
Asian 34 (54.8%) 25 (25.3%) p=0.0002
Black 1 (1.6%) 8 (8.1%) £=0.08
Hispanic 15 (24.2%) 26 (26.3%) p=0.78
Non-Hispanic White 12 (19.4%) 33 (33.3%) =0.05
Other 0 (0%) 7 (7.1%) £=0.03
Smoking
Average packs year 6.0 21.2 £=0.0001
ECOG

29 (46.8%) 40 (40.4%) =043
1 32 (51.6%) 52 (52.5%) =091
2 1 (1.6%) 6 (6.1%) £=0.18
3 0 (0%) 0 (0.0%) N/A

0 (0%) 1 (1.0%) =043
Stage
| 6 (9.7%) 5 (5.1%) p=0.26
1l 0 (0.0%) 8 (8.1%) £=0.02
1 11 (17.7%) 14 (14.1%) p=0.54
v 45 (72.6%) 72 (72.7%) £=0.99
Lines of therapy
1 59 (95.2%) 83 (83.8%) £=0.03
2 42 (67.7%) 52 (52.5%) =0.06
3 22 (35.5%) 25 (25.3%) p=0.17
4 16 (25.8%) 9 (9.1%) =0.005
5+ 8 (12.9%) 3 (3.0%) =0.02
EGFR-targeted therapy | 50 (80.6%) 21 (21.2%) <0.0001
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Probabilities of Common Pathways for EGFR™ and EGFR NSCLC

Table 2

Path | EGFR™ | EGFRM | % Diff
Primary => Brain 12.9% 11.1% 1.8%
Primary = Bone 8.1% 3.0% 5.1%
Primary => Liver 11.3% 15.2% 3.9%
Primary = Lung 56.5% 52.5% 4.0%
Primary => LN (distant) 4.8% 5.0% 0.2%
Primary = Adrenal 1.6% 2.0% 0.4%
Primary = Bone => Lung 3.2% 1.0% 2.2%
Primary = Bone = Brain 0.0% 0.0% 0.0%
Primary = Bone = Liver 3.2% 1.0% 2.2%
Primary => Lung => Brain 16.1% 10.1% 6.0%
Primary = Lung => Bone 6.5% 16.2% 9.7%
Primary = Lung => Liver 4.8% 1.0% 3.8%
Primary = Lung => LN (distant) 3.2% 8.1% 4.9%
Primary = Lung => Adrenal 1.6% 3.0% 1.4%
Primary => Liver = Lung 8.1% 9.1% 1.0%
Primary => Liver = Brain 1.6% 2.0% 0.4%
Primary => Liver = Bone 1.6% 1.0% 0.6%
Primary => Brain => Lung 3.2% 2.0% 1.2%
Primary => Brain => Bone 3.2% 4.0% 0.8%
Primary => LN (distant) = Lung 1.6% 1.0% 0.6%
Primary => LN (distant) => Liver 1.6% 0.0% 1.6%
Primary = LN (distant) = Bone 1.6% 1.0% 0.6%
Primary = Bone => Lung => Brain 1.6% 0.0% 1.6%
Primary => Liver = Lung => Brain 4.8% 0.0% 4.8%
Primary => Liver = Lung => Bone => Brain 1.6% 0.0% 1.6%
Primary = Brain = Bone => Lung => Brain 1.6% 0.0% 1.6%
Primary = Lung => Chest Wall = Bone => Brain | 1.6% 0.0% 1.6%
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