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Mutations unveiled that predispose lung
cancers to refractory histologic

transformation

7 June 2017

EGFRT790M
detected in clnical setin
( 09—,

EGFRT790M
major clone of LC1b
PIK3ICA ESASK+ET26K
/  Ros1Ri1035*
ChrMT:15217 G>A
EGFR del E746-A750 ARG
RB1ILN388fs + LOH 89
TP53 CMG242fs + LOH

A Lct EGFR focal amplification Lc2
major clone
r of LC2b
~

EGFR focal amplification
PTEN K60*

PIK3CA ES45K
f BRCA2 E3395K

major clone
APOBEC’ " of LC2c

EGFR del E746-A750
RBTNL316fs + LOH

P53 V1S7F + LOH
KMT2C rearrangement|
Normal cell

MYC amplification
major clone
of LC1d

Advanced Clinical
scLc history

major clone of LC1c

LADC SCLC.

LADC

scLe

gefitiib
chemotherapy. osimertinib

gefitinib,
chemotherapy | EGF816
Lcs Lca

Normal cell Normal cell

major clone of LC4a

% 47;21) copy gain (EGFR)
SCN1A F1682Y

KCNAT0 G445W

major clone of LC3a

Al
RYR2E320Q
« ARIDIAL1716H
SDK1 E982D
MYC amplification

EGFR del E746-A750
RB1R255* + LOH

TP53 HHER178fs + LOH
1(7:21).

PREXT DRSS N ajor clone
ARFGEF11430L _ ofLCab
KMT2B 1898V
diagnosis
LADC

chr1 chromothripsis | 7753 G325*
major clone
diagnosis of LC3b Clinical
LADC LADC+SCLC history scLc
osimertinib

Clinical history

gefitinib
LC1b (LADC) = Aaliele
Lctb Lctc LC4a Lcab
(LADC) (sCLC) (LADC) (scLC)
e 43 Pa7 | 43 fa7 | 13 P47 | 13 a7

wBalele  RBflocus — TP53locus

LC4a (LADC)
L]

P53

Cc
Treatment history
Tumorvolume (1000mm?): 8 € & &

APOBEC-induced

MRCA

SCLC transformation
EGFR T790M scLe

EGFR del E746-A;

RB1ILN388fs

TP53 CMG242fs LADC

EP300 rearrangement EGFR focal amplification

CAMK2A R259C EGFRT790M

PIK3CA ES45K
TSC2A100T
ROS1R1035*
with chiMT:15217

Months from diagnosis: 0 2 12 15 18 22 36 38 40
A A A

Tissue acquisition Lcta Lctb LCic  LCid

A. Phylogeny trees of sequenced cases (LC1-LC4) are
reconstructed from the WGS data. Conceptual
illustrations are depicted with grey color. Circles indicate
major clones of the tumors. The length of each branch is
proportional to the number of mutations that occurred in
the branch. Mutations of cancer-related genes in each
branch are indicated with arrows. The time points of
relevant treatments are summarized below the trees. B.
Mutations of RB1 and TP53 in two early LADCs (LC1b
and LC4a) are visualized using Integrative Genomics
Viewer (left panel). Allele-specific copy number analysis
shows loss of heterozygosity of chromosomes 13 and 17
in both early LADCs and EGFR TKIl-resistant SCLCs
(right panel). C. Clonal evolution of LC1 is described with
clinical history and tumor volumes. The horizontal axis
represents the time from the diagnosis (0), and the
vertical axis indicates the volume of tumors calculated

from the computed tomography images. Abbreviations:

LADC, lung adenocarcinoma; SCLC, small cell lung
cancer. Credit: KAIST

Cancer pedigree analysis reveals the mutations in
RB1 and TP53 genes play a key role in treatment-
resistant, cancer cell-type transformation during
EGFR inhibitor therapy for lung cancers.

Research led by Korean medical scientists has
discovered that a specific type of drug resistance
mechanism to EGFR inhibitor therapy in lung
cancer is predisposed by mutations in two
canonical cancer-related genes: RB1 and TP53.
Published in Journal of Clinical Oncology on May
12, the study also found those mutations can be
detectable in patients' tumors at the point of clinical
diagnosis. Therefore, it can be used as strong
markers in clinic for predicting poor outcome for the
targeted treatment for lung adenocarcinoma.

Lung adenocarcinoma is the most common type of
lung cancer, and about 15% of patients in Western
countries and 50% of patients in Asian countries
have mutations in the EGFR gene, which is critical
for the development of lung cancer. Patients with
lung adenocarcinoma harboring the EGFR mutation
show favorable responses to EGFR inhibitors such
as erlotinib (Tarceva) or gefitinib (Iressa), but
ultimately relapse with drug-resistant tumors. Since
the initial report in 2006, it has been known that in
about 5~15% of patients, the lung adenocarcinoma
cells undergo a mysterious transformation into a
very different cancer cell type called "small cell lung
cancer," a much more aggressive lung cancer
subtype, common in cigarette smokers.

To find out the genetic basis of this process, the
researchers compared the genome sequences of
multiple cancer tissues acquired during the
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treatment courses of patients whose tumors
underwent small-cell transformation. They
reconstructed the cancer cell pedigree by
comparing mutations between cancer tissues, and
identified that RB1 and TP53 genes are completely
inactivated by mutations already in their lung
adenocarcinoma tissues.

"We tried to compare the somatic mutational profile
of pre-EGFR inhibitor treatment lung
adenocarcinomas and post-treatment small cell
carcinomas and to reconstruct the pedigrees of the
cancer evolution in each patient. Strikingly, both
copies of RB1 and TP53 genes were already
inactivated at the stage of lung adenocarcinomas in
all sequenced cases," said Dr. Jake June-Koo Lee,
the first author from KAIST.

They further pursued the clinical implications of
RB1 and TP53 inactivation by investigating 75
EGFR-mutated lung adenocarcinoma tissues from
patients who received EGFR inhibitor therapy,
including patients with small-cell transformation. In
this analysis, the lung adenocarcinomas with a
complete inactivation of both RB1 and TP53 genes
tended to have a 43-times greater risk of
transformation into small cell lung cancer during
their EGFR inhibitor treatment courses.

Dr. Young Seok Ju, the co-last author from KAIST,
explained, "This study shows the power of entire
genome analyses to better understand the
mechanisms underlying mysterious phenomenon
encountered in clinic. Upon accurate bioinformatics,
we are finding cancer-specific somatic mutations
from the whole-genomes of patients' cancer cells.
These mutations allow us to track the evolution of
cancer cells throughout the extraordinary clinical
course of a special set of lung cancers."

The complete inactivation of both RB1 and TP53
tumor suppressor genes is found in a minor (
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