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Abstract

Background: For the advancement of cancer research, the collection of tissue speci-
mens from drug-resistant tumors after targeted therapy is crucial. Although patients
with lung cancer are often provided targeted therapy, post-therapy specimens are not
routinely collected due to the risks of collection, limiting the study of targeted therapy
resistance mechanisms. Posthumous rapid tissue donation (RTD) is an expedient collec-
tion process that provides an opportunity to understand treatment-resistant lung cancers.
Methods: Consent to participate in the thoracic RTD protocol was obtained during
patient care. When death occurred, tumor and paired non-tumor, cytology, and blood
specimens were collected within 48 hours and preserved as formalin-fixed and frozen
specimens. Tissue sections were evaluated with hematoxylin and eosin staining and
immunohistochemistry (IHC) against multiple biomarkers, including various pro-
grammed death ligand 1 (PD-L1) clones. Next-generation sequencing was performed

on 13 specimens from 5 patients.
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Results: Postmortem specimens (N = 180) were well preserved from 9 patients with
lung cancer. PD-L1 IHC revealed heterogeneity within and between tumors. An
AGK-BRAF fusion was newly identified in tumor from a donor with a known echino-
derm microtubule-associated protein-like 4 to anaplastic lymphoma kinase (EML4-
ALK) fusion and history of anaplastic lymphoma kinase (ALK) inhibitor therapy.
RNA expression analysis revealed a clonal genetic origin of metastatic cancer cells.

Conclusions: Post-therapy specimens demonstrated PD-L1 heterogeneity and an
acyl glycerol kinase to B-rapidly accelerated fibrosarcoma (AGK-BRAF) fusion in
a patient with an EML4-ALK—positive lung adenocarcinoma as a potential resistance
mechanism to ALK inhibitor therapy. Rapid tissue donation collection of postmortem

tissue from lung cancer patients is a novel approach to cancer research that enables

KEYWORDS

1 | INTRODUCTION

Cancer research is underway to provide insights about the
underlying mechanisms of cancer evolution and to develop
biomarkers to predict responsiveness and resistance to mu-
tation-targeted and immuno-oncology (IO) therapies. Such
research is often hindered by a limited quantity of tissue col-
lected at diagnosis and follow-up time-points. Rapid tissue
donation (RTD) is the rapid collection of postmortem tissue
with the specific goal of optimizing the high-quality preser-
vation of the specimens. The availability of such tissue after
cancer progression provides information that may enable valu-
able insights into the causes of metastasis, genomic evolution,
and mechanisms of targeted and IO therapy resistance.'™
The thoracic RTD protocol described here was developed
with the hypotheses that rapid outpatient collection of tumor,
metastases and paired non-tumor specimens from recently
deceased donors with lung cancer is feasible, and that these
specimens could support meaningful research. The lung can-
cer population is often treated with immunotherapy or targeted
therapy such that it is an ideal population for the study of im-
munotherapy and targeted therapy resistance. Although several
other postmortem tissue collection studies have been described,
few were dedicated to the collection of lung cancer tissues.
Most RTD studies limit their tissue collections to the hospital
environment which can extremely limit collection of lung cancer
specimens since most individuals with lung cancer do not die in
hospitals.s'7 Our community-based collection approach with a
protocol designed to request consent from patients in the clinic
when they are doing well and collection over a wide geographi-
cal region (Hillsborough, Pinellas and Pasco counties, 2742 mi%)
has preserved a large quantity of lung cancer specimens to en-
able research.® Successful collection of tissue with the RTD pro-
tocol required a labor-intensive effort to develop and implement

studies of molecular evolution and drug resistance.

donation, heterogeneity, lung cancer, PD-L1, rapid autopsy, resistance mutation, specimen quality

a standardized protocol that is sufficiently agile to accomplish
rapid tissue collection. Challenges we faced and overcame were
the complexity of the ethics and logistics for rapid collection in
the community and design of metrics to assess the quality of
the donated tissue. The quantity and quality of tissue collected
by this protocol demonstrates the feasibility of such community-
based collection of postmortem lung cancer tissue.

The hypothesis for this study was that we could use the
outpatient collected RTD tissue to study lung cancer metas-
tasis and evolution with proteogenomic studies. Herein, we
describe successful collection of lung cancer tissue in the
community from a tri-county region and the use of this tissue
to better understand the post-therapy proteogenomic land-
scape of lung cancer.

2 | MATERIALS AND METHODS

2.1 | Lung cancer patients

The RTD logistics and eligibility criteria are depicted in
Figure 1. The study and informed consent form was approved
by the Institutional Review Board (IRB protocol 00014653;
Advarra).

2.2 | Specimen collection

Shortly after death (<48 hours), the study medical examiner
(LSH) received consent documentation, storage containers,
and a body map that represented primary and metastatic sites
from review of clinical and radiologic information. Tissue
specimens from primary tumor and metastatic sites, with
matched non-tumor tissue and blood, were collected from
nine donors in a minimally invasive way and placed imme-
diately in 10% neutral-buffered formalin or liquid nitrogen.
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FIGURE 1 Flowchart overview of
steps involved in the process of collection of
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Rapid Tissue Donation Process

tissue from donors participating in the rapid N e on

tissue donation project. In short, medical
oncologists introduced the rapid tissue
donation project to patients at an appropriate
time. If interest was expressed from a

Physicians receive a
weekly notification with
upcoming eligible patients
Physician determines
patient eligibility following
inclusion criteria

~

Inclusion Criteria:
Reside in Hillsborough, Pinellas, or
Pasco counties; Florida

patient, consent was subsequently requested.
Posthumous tissue was rapidly collected by
a medical examiner in the community at a
facility as close as possible to the funeral
service

Consent

Age 18 years or older

Advanced or refractory lung cancer
Accompanied by a companion to
regular appointments /

A

Interested patients are referred to study coordinator to finalize consent
Consented patients receive a study folder with instructions to follow at the
time of death

Follow-Up

Patient health status is monitored weekly through the electronic medical
record

Once a patient is referred to hospice, the study coordinator monitors the
health status by communicating with the hospice care team

Donation Ve

. . . 2\
If death occurs, the hospice nurse or next of kin (NoK) notifies RTD study
staff
= Although patient has signed consent, the NoK has the option of

declining the donation at the time of death )

.

~

Donor body is transported from home/hospice to donor facility
= The RTD field medical examiner collects the tissue at a local autopsy
facility within 24-48 hours after death
Donor body is transported back to NoK/funeral home once collection is
completed Y,

v

Donor tissue is stored at Moffitt Cancer Center Tissue Core ]

Specimens (N = 180) were preserved as either formalin-fixed
paraffin embedded (FFPE) blocks or frozen specimens.

2.3 | Immunohistochemistry Analysis

Formalin-fixed paraffin embedded and frozen tissue sections
were stained with hematoxylin and eosin (H&E) and evalu-
ated by a pathologist for tumor and histopathological quality.
Formalin-fixed paraffin embedded tissue with tumor was stained
with programmed death ligand 1 (PD-L1) immunohistochem-
istry (IHC) using the anti-PD-L1 rabbit monoclonal antibody
clones, E1L3N’ and 28-8 (Document S1, antibody information).
All PD-L1 stained slides were scored for percentage of tumor
cell membrane staining with the tumor proportion score (TPS,
scale 0%-100%) with a positive TPS score cutoff >1% (Table
S1). Exploratory IHC analysis with antibodies to Ki67, CDS,

CD31, and pSTAT3 was performed with scoring as negative,
low, medium, or high based on predefined criteria (Table S1).
CD31 staining was used to calculate the intratumoral microves-
sel density for each tissue sample with the vascular hotspot
method; pSTAT3-stained slides were evaluated qualitatively.

24 | Next-generation sequencing analysis

Specimens were selected from patients 1, 3, 4, 6, and 7 for se-
quencing analysis. Specimens from patients 2 and 5 were not
included due to the absence of tumor in specimens from these
patients. Specimens from patients 8 and 9 were not included
because they were collected after the sequencing studies were
performed. Nucleic acid (DNA and RNA) was extracted from
13 tumor and 2 non-tumor FFPE samples and analyzed for
nucleic acid quantity (Qubit®) and quality (Agilent Genomic
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TABLE 1 Participant demographics
Histology Sex

Number of con- Average age at Average smoking

sented Patients enrollment history (pack years) Adenocarcinoma Small cell Squamous cell Male Female

21 66 38 67% 19% 14% 43% 57%

DNA and RNA ScreenTape assays®; Agilent 2200 TapeStation
System).lo’11 DNA libraries from the 13 tumor specimens
were generated using the TruSeq Nano Library Preparation kit
(Illumina). Hybridization capture was performed with a cus-
tomized Agilent SureSelectXT panel to enrich coding regions
from 567 cancer-related genes and select introns from 57 genes
frequently rearranged in solid tumor cancers (Tables S2 and
$3).12 Sequence reads were aligned with Burrows-Wheeler
Aligner Maximal Exact Matches (BWA-MEM) software (https
:/farxiv.org/abs/1303.3997) to the hgl9 human reference ge-
nome, marked for PCR duplicates with Picard (http://broad
institute.github.io/picard/), and base quality scores were recali-
brated with the Genome Analysis ToolKit.'*!* Single nucleo-
tide variants (SNVs) were called with MuTect, > insertions and
deletions (indels) with Pindel,16 translocations with Socrates,17
and tumor purity and copy number alterations with PureCN."®

RNA libraries from the 13 tumor specimens were pre-
pared for RNAseq using the RNAseH protocol.lg’20 Briefly,
the total RNA was depleted of ribosomal RNA, fragmented,
converted to cDNA, and then a next-generation sequenc-
ing (NGS) library was constructed using the TruSeq RNA
v2 Library Preparation kit (Illumina). Sequence reads were
aligned with STAR? to the hg19 human reference genome,
and read counts of coding regions were summarized by high
throughput sequence (HTSeq) analysis22 using a human ref-
erence (Refseq) transcriptome. Principal components analy-
sis (PCA) was performed with the read counts to assess the
similarity of RNA profiles between tumor sites.

Additional sequencing of one FFPE sample for fusion
confirmation was performed with the Illumina TST170 NGS
platform and sequencing of nucleic acid from 11 frozen tumor
tissue specimens was performed with the Agilent ClearSeq
comprehensive cancer panel (Document S2).

3 | RESULTS

31 |

Between November 2015 and November 2017, 21 lung can-
cer patients consented to the RTD study (Table 1) and 180

Study population

specimens, including tumor, paired non-tumor, pleural effu-
sion, pericardial fluid, and blood specimens, were retrieved
from 9 donors, with the remaining 12 lung cancer patients
still alive (Table S4). Tissue was successfully collected
within 20 hours of death from 8 donors and at 41 hours from
one due to additional unavoidable logistical complexities.

3.2 | Evaluation of H&E slides

Histological evaluation of H&E stained slides revealed high-
quality tissue preservation with generally intact tissue archi-
tecture, distinct cancer cell nuclear staining, intact kidney
glomeruli, tubules, and pancreatic islets (Figure 2A, kidney on
left with arrow pointing to glomerulus, pancreas on right with
arrow pointing to pancreatic islet). > Lung cancer was con-
firmed in 37 specimens collected from 7 patients (Table S5).

In two patients, patients 2 and 5, tumor was not identi-
fied in the postmortem tissue. Computed tomography review
showed that patient 2 had only a thin rim of tumor surrounding
necrosis that was consistent with a history of immunotherapy.
Patient 5 had a small, 0.1 cm, lung lesion in a background of
reactive changes and consolidated necrosis and metastatic le-
sions in the brain, but our current protocol limits brain tissue
collection for cosmetic reasons. Thus, tumor collection from
these two patients was complicated by small tumor amounts,
obscuring changes in the surrounding tissue, and our protocol
limitations on collecting brain tissue.

33 |

Immunohistochemistry evaluation was performed to assess
the ability of RTD samples to support proteomic research.
PD-L1 THC was initially performed on microscopically
confirmed FFPE tumor tissue with the E1L3N antibody.
Microscopic evaluation revealed distinct PD-L1 membrane
staining with a spectrum of PD-L1 TPS scores from 0% to
95% (Table 3; Figure 2B). The differences in PD-L1 TPS
scores between primary and metastatic tumor sites within
the same patients ranged from 0% (patient 3) to 55% (pa-
tient 6). PD-L1 analysis on a subset of these tumor samples

IHC analyses of protein expression

FIGURE 2 A, Hematoxylin and eosin stained slides at 200x magnification depicting well-preserved kidney (on left, arrow indicates

preserved glomerulus) and pancreas (on right, arrow indicates preserved pancreatic islet) from rapid tissue donation patient 1. B, Images of slides

stained by immunohistochemistry with the EIL3N® anti-PD-L1 rabbit monoclonal antibody from one representative lung tumor and one lymph

node with metastatic lung cancer from donors 1, 4, 6, and 7 which had tumor with any positivity for PD-L1 expression. C, Representative images of
slides stained by immunohistochemistry with for Ki67, CD8, CD31, and pSTAT3
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using a different PD-L1 antibody, clone 28-8, revealed
similar TPS scores (Table 2). In Patient 7, PD-L1 was posi-
tive during patient care (TPS score = 90%, 22-C3 PD-L1
antibody clone) and had PD-L1 TPS scores in the post-
mortem tissue of >40% for two RTD tumor sites with the
E1L3N and 28-8 clones. Despite the overall similar PD-L1
results in the RTD patients, if a 50% positivity cut-off were
used to guide immunotherapy, the results of PD-L1 testing
at different tumor sites would be discordant in 60% (3 of
5) and 20% (1 of 5) of patients tested with the E1L3N and
28-8 clones, respectively.

CD8, Ki67, CD31, and pSTAT3 IHC was performed in
the same subset of RTD tumor samples (Tables 2 and 3; Table
S1). Unequivocal antibody binding with specific staining pat-
terns enabled classification into negative, low, moderate, and
high CD8, Ki67, and CD31 expression groups; all tumor tis-
sue was negative for pSTAT3 staining (Figure 2C). Levels
of CDS8, Ki67, and CD31 expression were similar between
metastatic sites (Table 3), reflecting robust performance of
IHC in the RTD specimens.

Two of five patients with PD-L1 IHC results had prior
immune checkpoint inhibition (ICI) treatment (Table 2,
Patients 6 and 7). Post-ICI initiation, patient 6 had stable
disease at 70 days, and progression with new left lung le-
sions at 168 days. Patient 7 had stable lesions in the left
lung and adrenal gland at 70 days, but a 30% larger liver
lesion and ICI was discontinued due to ICI-induced pneu-
monitis. In both patients, postmortem tumor had PD-L1
TPS scores >40% and a high density of intratumoral CD8
positive lymphocytes, consistent with cellular immune
activation.

3.4 | Nucleic acid extraction and sequencing
from frozen tissue

The frozen tissue mean weight from 81 specimens from the
first 8 patients was 430 mg (range 67-850 mg). Nucleic acid
was extracted from 15 tumor specimens from the first four
patients with >200 mg weights. Average DNA and RNA
yields were 14.8 pg (2.1-26.6 pg) and 14.4 pg (3.4-23.8 pg),
respectively. Assessment of DNA and RNA integrity num-
bers (DINs and RINS, respectively), numbers that represent
the quality or integrity of the nucleic acid, revealed average
DINs and RINs of 6.5 (3.0-8.0) and 4.9 (3.8-6.9), respec-
tively. A qualitatively small decrease in DNA and RNA qual-
ity was observed with longer interim times between death
and tissue collection (Figure S1). NGS was performed on 11
DNA specimens from two patients with the Agilent ClearSeq
Comprehensive Cancer panel and sequence quality metrics
revealed high quality with approximately 25 million reads per
sample, 99% of reads mapped and properly paired, median
average coverage per targeted base of 730x (570x-1220x),
and duplicate rates less than 30%.

3.5 | NGS-based DNA and RNA analyses
from FFPE tissue

DNA-seqwithacustomized567-gene Agilent SureSelectXT
panel was performed on 13 tumors from FFPE tissue sec-
tions from patients 1, 3, 4, 6, and 7. Tissues from patients
2 and 5 were not included because of the absence of tumor
in the collected specimens, and patients 8 and 9 were not
included in the molecular analysis because their tissue was
collected later. The quality metrics for sequencing cov-
erage demonstrated high overall coverage with ~87% of
reads mapped to the targeted genes (Table S6). The median
average coverage per targeted base was 547x (448x-816x),
and median duplicate rate was 35% (15%-45%). The esti-
mated tumor purity, as estimated by PureCN,'® varied from
16% to 73%.

The vast majority of genomic alterations were shared
among multiple tumor lesions from the same patient, sug-
gesting that the tumor from the disseminated metastatic sites
all originated from a single founder clone (Figure 3; Table
S7; Figure S2A-E). For example, patients 1, 3, and 6 all had
KRAS missense mutations in all tumor sites tested. In pa-
tient 3, complex aneuploidy of chromosome 8q was among
the changes identified in both tumor sites. In patient 4, broad
level chromosomal changes were identified in all three se-
quenced lesions. In patient 6, KRAS G12D was identified
during patient care, concordant with the postmortem genetic
results. In this patient, several genetic changes identified
at low allele frequency in the metastatic lymph node tissue
were not detected in the primary lung cancer, possibly due to
tumor evolution, but could also be due to low tumor cellular-
ity (<30%) in the lung cancer specimen with a higher risk for
false negative results.

Patient 7 had an echinoderm microtubule-associated
protein-like 4 to anaplastic lymphoma kinase (EML4-ALK)
gene fusion initially identified by fluorescence in-situ hy-
bridization during clinical care. This patient received 1st
line chemotherapy prior to the ALK fusion detection, 2nd
line immune checkpoint inhibition (ICI), and then two lines
of ALK inhibitor therapy (Table 2). Genetic testing of the
postmortem lung tumor and metastatic lymph node tissues
revealed not only the EML4-ALK fusion but also a previ-
ously unknown in-frame acyl glycerol kinase to B-rapidly
accelerated fibrosarcoma (AGK-BRAF) gene fusion. In this
fusion, the 3’ end of exon 2 of the AGK gene is fused with
the 5’ end of exon 8 of the BRAF gene. This results in a chi-
meric protein in which the AGK promotor through exon 2 is
intact and reads into exon 8 of BRAF, with the BRAF kinase
domain remaining intact. Two nucleotides for codon 34 are
at the end of AGK exon 2, and the third-position nucleotide
is in exon 3. The fusion causes a missense change of codon
34 from TGT (cysteine) to TGG (tryptophan). The BRAF
sequence continues in frame, with the wild-type sequence
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encoding the BRAF protein from exon 8 to the end. These
fusions were both confirmed with testing of a post-ALK in-
hibitor pericardial tumor biopsy with the Illumina TST170
NGS platform.

RNA-seq produced estimated library sizes greater
than 10 million sequences and a median of 125.9 million
(15.1-287.0 million) for all 13 tumor sites tested (Table
S6). As expected from a total RNA protocol after ribo-
somal depletion, the median percentage of coding bases
was 15.4% (11.6%-19.3%). The sequence duplication rates
had a median of 12.2% (7.9%-48.6%). PCA revealed poten-
tially confounding elevated levels of several liver-specific
transcripts (Figure S3) in sequence from the liver biopsies.
A liver-specific signature of 21 genes (Document S3) and
linear regression was used to identify liver-specific genes
with high shared expression to correct the PCA for the liver
background (Figure 4A, with correction; B, without cor-
rection). The corrected PCA revealed that tumors from the
same patient were more similar to each other than tumors
from other patients. Of note, the only patient with a diag-
nosis of small-cell lung cancer and RNA data (Patient 4)
had RNA profiles from two tumor sites that were similar
to each other and distinct from the other NSCLC tumors
with higher levels of several mucins and surfactant proteins
(MUC4, MUC5B, MUC6, SFTPB).

Next, PD-L1, CD8, and Ki67 RNA expression levels per
RNA-seq were compared with IHC protein expression levels

in matched RTD FFPE specimens (Figure 4C-E). Specimens
with high and low PD-L1 (also known as CD274) gene and
protein expression levels clustered together. The gene expres-
sion and IHC levels of CD8 were similar, albeit there was
more overlap of RNA-seq expression levels in the low and
medium IHC categories. The average read counts from a cell
cycle signature of 19 genes (Document S3) was generally
concordant with Ki67 THC scores. A possible explanation
for the overlap in the low and medium expression groups for
CD8 and Ki67 is that the IHC assessment was done in the
intratumoral compartments only, whereas RNA-seq analysis
was performed using the whole tissue sample.

4 | DISCUSSION
We used tissue collected through a novel lung cancer RTD
program that enabled expedient collection of 180 postmor-
tem specimens to describe the proteogenomic landscape of
lung cancer and potential mechanisms of resistance to tar-
geted therapy.

Logistical challenges to collection of post-therapy lung
cancer specimens included communication with hospice care
facilities,” locating autopsy facilities in the community, and
identifying tumor in cases with tumor obscured by necrosis,
consolidated atelectasis, and reactive changes. For two cases,
in which no tumor was identified in the postmortem specimens,
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FIGURE 4 Compilation of RNA Results. A, Global similarity of RNA profiles among multiple tumor sites. The first and third principal
components are shown for the normalized log2 RNA-seq counts per million for all genes. A, The third principal component is shown instead of

the second as this corrects for elevated levels of liver-specific transcripts. B, The second principal component is shown instead of the third to show

results without correction for elevated levels of liver-specific transcripts. C-E, Concordance between RNA-seq and IHC for PD-L1, CDS, and

Ki-67. The vertical axis denotes the normalized log2 RNA-seq counts per million for the indicated genes. The horizontal axis denotes the final

categorical result for PD-L1, CDS, and Ki-67 expression by immunohistochemistry analyses as outlined in Table S1. PD-L1 immunochemistry data

was generated using the PD-L1 antibody clone 28-8 with >1% tumor proportion score considered as “Positive”

premortem tumor specimens were available. RTD programs
benefit from having a plan to include premortem specimens
collected during routine patient care, to be used in addition to
the postmortem tissue, for research. Tissue was generally well-
preserved, consistent with reports by other rapid postmortem
tissue donation studies.”” The specimen pool and value of the
research specimens was optimized by the inclusion of premor-
tem clinical care specimens associated with RTD cases, which
allowed comparison of histologic and molecular findings be-
tween premortem and RTD-collected postmortem specimens.
The additional collection of premortem specimens into the
RTD protocol allows analysis of premortem tissue when post-
mortem tissue yield or quality is compromised.

The successful performance of IHC staining with multi-
ple antibodies, including PD-L1, CD8, Ki67, and CD31, con-
firmed adequate preservation of protein antigenicity in the
RTD tissue. The pSTAT3 staining was negative in all tested
specimens, suggesting that phospho-epitopes may be too la-
bile for accurate testing in postmortem specimens. In general,
the protein expression of PD-L1, CDS, Ki67, and CD31 by
IHC analysis was consistent between tumor sites within the
same patients. However, a difference in PD-L1 TPS scores of
up to 55% between different tumor sites in the same patient
was observed, consistent with previous reports of PD-L1 het-
erogeneity in lung26 and other cancers.”’ This means that with
a cut-off of >50% PD-L1 TPS for positivity (the cut-off for
the companion diagnostic PD-L1 assay for pembrolizumab),
20%-60% of individuals in this study would have a differ-
ent final PD-L1 result if different tumor sites were tested.
This illustrates the importance of interpreting PD-L1 results
with caution with the implication that 20%-60% of patients
might not be eligible for immunotherapy based on testing of
one tumor site, but would be eligible based on testing of a
different tumor site. PD-L1 heterogeneity may also explain
why some patient tumors that initially respond to anti-PD-L1
therapy progress later.

Several studies have concluded that frozen postmortem
tissue can generate useful sequence and expression data, even
with relatively lower DINs and RINs (<5).6’7 Likewise, we
demonstrated successful comprehensive genomic profiling
from frozen and FFPE RTD lung cancer tissue. The primary
and metastatic tumor sites in the same patients had similar
genetic profiles, consistent with a study of postmortem lung
cancer specimens that demonstrated a shared set of genomic
activating mutations in primary and metastatic tumors from

the same patients.28 In contrast, a study by the TRACERx
consortium for Stage I-IIT lung cancers reported more evi-
dence of subclonal heterogeneity between different tumor
areas with whole-exome sequencing.29 This discordance
might be explained by a difference in assays with the whole-
exome sequencing having greater coverage than the cancer-
focused targeted panel we used which covers approximately
3% of all protein-coding regions.

An AGK-BRAF fusion was newly identified in postmor-
tem tumor specimens from a donor with a known EML4-ALK
fusion and resistance to ALK inhibitor therapy. Activated
BRAF can promote oncogenesis by activating downstream
MEK-ERK signaling, and the AGK-BRAF fusion has been
identified previously in lung and other cancer typf:s.30'32 This
is a compelling finding in that if this AGK-BRAF fusion had
been detected during clinical care, the result may have in-
formed clinical management with consideration of BRAF
targeted therapy.

Principal components analysis of the RNA transcriptome
revealed that multiple tumor sites from the same patient were
more similar to each other than tumors from other patients.
This finding agrees with a different study which concluded
that the transcriptome of lung cancer lesions from the same
patients cluster together with global unsupervised clustering
analysis.33 The RNA-seq data was concordant with PD-L1,
CDS8 and Ki67 protein expression (Figure 4C-E), underscor-
ing the high quality of the transcriptomic and protein data.

In summary, an outpatient-based RTD protocol with col-
lection of high-quality postmortem tissue across primary and
multiple metastatic sites from advanced lung cancer patients
in the community is feasible and enables research. The perfor-
mance of IHC, DNA, and RNA sequencing on the collected
FFPE and frozen tissue was reliable and supports the high
value of postmortem tissue for cancer research. Differences
in PD-L1 expression at different tumor sites with 20%-60%
of patients “negative” at one tumor site and “positive” at an-
other site urges caution in the interpretation of PD-L1 results
for immunotherapy. The identification of an AGK-BRAF fu-
sion as a potential resistance mechanism to ALK inhibitor
therapy bears further investigation. Expanded evaluation of
the immune microenvironment or whole-exome sequencing
to identify more passenger mutations may lead to additional
insight regarding tumor metastasis, evolution, and mecha-
nisms of resistance to immune checkpoint and/or targeted
therapy.
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