10 Second primary cancers in stage Il NSCLC

In our study, 9 patients out of.62 long-term survivors of
stage III NSCLC treated with chemo-radiotherapy had a
SPC. The relative risk for any SPC (2.8; 95% CI 1.3-5.3)
compared with the general population was significantly
increased. Instead of many reports examining the risk, these
do not provide adequate follow-up information to determine
relative risk in the patients with NSCLC. Most studies only
show a percent risk per patient per year (5-8). In the current
study, the overall rate of developing SPC is estimated at 2.9%
per patient per year, which is in agreement with the rates in
most surgical series. Ginsberg and Rubinstein (5) reported
that SPC occurrence rate was 1.7% per patient per year on
247 patients operated for T1 NO NSCLC. Other studies showed
the rate of 2.8% by Martini et al. (6) and 2.4-3.6% by Thomas
and Rubinstein (7). In the current study, we also confirmed
the effect of the passage of time on developing SPC. Thomas
and Rubinstein (7) reported that the rate of SPC increased
from 2.4% for the first 5 years after surgical resection to
3.6% after the fifth year.

We previously studied the relative risk of SPC in the
SCLC patient successfully treated with chemotherapy with
or without RT (9). Our results showed a similar trend as pre-
vious studies (10,11) and demonstrated that the patient had
a significantly increased relative risk of 3.6 (95% CI 2.0-5.9)
and that the patients who continued to smoke demonstrated a
significantly increased risk for a SPC (4.3, 95% CI 1.1-15.9,
P = 0.03) compared with those who stopped smoking.

Unlike the results of SCLC patients study, the risk of SPC in
NSCLC patients was lower, and the impact of continued smok-
ing on developing SPC in the patients was less significant, but
the reason for this observation is not completely understood.
According to the case—control study from Japan (17), lung
cancer risk reduction due to smoking cessation appeared to
be greater in SCLC than squamous cell carcinoma or adeno-
carcinoma, and SCLC seems to be more smoking-related
than NSCLC. However, there have been a couple of germline
polymorphism as cytochrome P 450 1A1 (CYP1A1) and gluta-
thione S-transferase class mu (GSTM1), reported, which is
implicated in smoking-related carcinogenesis (18,19). There-
fore, SCLC patients are speculated to have a higher potential
to develop a SPC, particularly smoking-related cancers.

Among NSCLC patients, there seems to be a special group
of roentgenographically occult early stage squamous cell
carcinoma of the lung. In this patient group, the rate of occur-
rence of SPC, particularly SPLC was estimated at 3-4% per
patient per year (20,21). The risk for SPLC seemed to be
substantially higher than that of 1-2% in the NSCLC patients
treated with surgery or RT from the previous study and treated
with chemo-radiotherapy from our study. Therefore, the group
should be given a special focus and be divided from the
general population of NSCLC patients in the research of
risk of SPC. Most of the patients can be cured by surgery,
photodynamic therapy, brachytherapy and chest RT because of
its early clinical stage (22), and are not included in our
study. Roentgenographically occult ecarly stage squamous
cell carcinoma of the lung is associated with the concept of
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field cancerization (23), and smoking status seems to be very
important to evaluate the risk of SPC, which awaits further
examination.

A relatively small sample size and rare events such as SPC in
this study resulted in larde confidence intervals for the estim-
ates. It is still difficult to conclude the effect of continued
smoking on the development of SPC. Cigarette smoking causes
not only developing cancers but also cardiovascular and lung
damage as well (24,25). It may be speculated that continued
smokers died off early when interpreting the results. The
cessation of smoking is still warranted among patients with
stage III NSCLC treated by chemo-radiotherapy.

In conclusion, stage III NSCLC patients treated with chemo-
radiotherapy were at risk of developing SPC and this risk
increased with time. A large sample size study in a longer
follow-up period may be required in further research to con-
clude the effect of continued smoking on the development of
SPC. SPC in another particular group such as roentgenograph-
ically occult early stage squamous cell carcinoma of bronchus
also awaits further studies.
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Small interfering RNA targeting survivin sensitizes lung cancer cell with mutant .

p53 to adriamycin

Kimio Yonesaka, Kenji Tamura®, Takayasu Kurata, Taroh Satoh, Masato Ikeda,

Masahiro Fukuoka and Kazuhiko Nakagawa

Department of Medical Oncology, Kinki University School of Medicine, Osaka-sayama, Osaka, Japan

Suorvivin is a member of the inbibitor of apoptosis protein (IAP)
family that is specifically overexpressed In cancer tissues, p53 is
one of the tumor suppressor genes; its induction in response to
DNA damage causes apoptosis and correlates with drug sensitiv.
ity. To investigate the possible repulation of survivin by p53, we
examined the level of survivin expression in lang cancer cell lines
in response to adriamycin. Levels of survivin mRNA and protein
in cell lines with wild-type p53 decrensed dramatically after p53
induction, but no such reduction of survivin was observed in cell
lines with mutated or null pS3. Inhibition of wild-type p53in A549
cells by small interfering (si) RNA significantly upregulated the
expression of survivin. Survivin inhibition by sSiRNA in PC9 cells
with mutated p53 significantly depressed celi proliferation. To
investigate the sensitivity of cancer cells to adriamycin after inhib-
ition of survivin, we depressed survivin expression using siRNA,
and then added adriamyein 8t an 1Cso dose. After a further 43 hr
incubation with adrinmycin, proliferation was significantly de-
pressed in the cells treated with SIRNA targeting survivin, in
comparison with siRNA targeting scramble. Furthermore, both
TUNEL and pro-caspase3 expression assay showed a sigaificant
increase §n apoptosis afier combined treatment with adriamycin
and siRNA targeting survivin. Our results demonstrate that survi-
vin is downregulated by p53, and that siRNA targeting of survivin
increases cell sensitivity te adriamycin and promotes apoptosis.
siRNA targeting of survivin could be potentially useful for increas-
ing sensitivity to anticancer drugs, especially in drug-resistant
cells with mutated p53. )

© 2005 Wiley-Liss, inc.
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The success of cancer treatment depends on the response to che-
motherapeutic agents. However, malignancies often acquire resist-
ance to drugs if they are used frequently. Inhibition of the apopto-
sis pathway is one of the factors that may be responsible for such
drup resistance.” Survivin is a member of the inhibitor of apopto-
sis protein (IAP) family that is specifically overexpressed in vari-
ous cancers but not in normal adult tissues.> Overexpression of
survivin is correlated with poor prognosis in a number of tumor
types, including lung cancer,’ colorectal cancer’ and gastric can-
cer® Like other mammalian 1APs (e.g., XIAP, c-IAP-1, c-JAP-2
and livin), survivin binds to caspase-3 and caspase-7.% It has been
suggested that survivin expression is regulated in a cell cycle-
dependent manner,” Survivin is maximally expressed in the G2/M
phase and physically associates with mitotic spindle microtubules
that regulate progression through mitosis. In contrast, survivin is
definitively depressed in the Gl phase. pS3 is one of the tumor
suppressor genes, and it is frequently mutated in cancer tissue/
cells.® The crucial role of p53 is to maintain genetic stability
through its participation in cell cycle checkpoints. After DNA
damage induced by various cytotoxic agents, cells with wild-type
p33 become preferentially srrested in the GO/G1 phase, after
which they choose a path that resulis in either DNA repair or
apopiosis. Apeptosis is closely Jinked to transcripts that are down-
reguiated by p53. In contrast, mutation or deletion of p53 leads
cells away from the apoptosis pathway, causing drug resistance.?
It is generally accepted that pS3 functions as a transcriptional fac-
tor and tremsactivates some genes, resulting in cell growth modula.
tion or death. For example, an elevated level of p21, the first prad-
uct of p53 transactivation, results in underphosphorylation of the
retinoblastoma (Rb) protein, which in tum sequesters the E2F
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transcription factor; as a result, the cell cycle is blocked in the G1
phase.'!! Additionally, some genes, such as stathmin or cdc2,
could be negatively regulated by p53."*!> Previous reports suggest
that p53 also downregulates the expression of survivin in some
cell models and cancer cell lines.'!5 More recent reporis have
shown that inhibition of survivin by enti-sense oligonucleotide
blocks the cell proliferation of myeloid ieukemic cells'® or ung
cancer cells,'’ although the mechanism of this transcriptional reg-
uiation is not fully understood and requires additional research,

From another viewpoint, inhibition of survivin might play a role
in avercoming acquired drug resistance. It has not been clarified
how DNA-damaging agemis influence survivin expression and
cause cell cycle arrest and apoptosis. One report has suggested that
anti-sense targeting of survivin sensitizes Jung cancer cells 10 che-
motherapy.'” However, that study employed only 1 lung cancer
cell line containing wild-type p53 and did not address the outcome
that would be expected with mutated or deleted p53,

RNA interference (RNAIi) is 2 mechanism whereby double-
siranded RNA post-transcriptionally silences a specific gene. It
has been reported that synthetic, double-stranded small-interfering
RNA (SiRNA) can effectively silence 2 gene through the RNAi
mechenism.'® SIRNA can be 2 novel tool for clarifying gene func-
tion in mammalian celis and may be applicable to gene-specific
therapeutics.! In our study, using siRNA, we aimed to sensitize
lung cancer cell line to adriamycin. Our results suggest that siRINA
targeting of survivin can inhibit ccll growth and produce 2 com-
bined anti-proliferative effect and apoptosis when combined with
adriamycin, especiaily in cell lines containing mutated p53.

Material and mcthods
Drugs and cell lines :

Adriamycin, obtained from Kyowa Hakko Kagye Co. {Tokyo,
Japan), was dissolved in distilled water and stored at —30°C untii
use. All cell lines used in our study were derived from patients
with lung cancer., Lines NCI H226, H292, H358, H460, B522 and
H1299 were obtained from the American Type Culture Collection
(Manassas, VA). Lines A549, EBC-1, 1.K-2, Lu99, Lu99B, OBA-
LK-1 and Sg-1 were provided by the Cell Resource Center for
Biomedical Research, Institute of Development, Aging and Can-
cer, Tohoku University (Miyagi, Japan}. SBC3, Lu65 and RERF-
LC-KJ were obtained from the Japan Bealth Sciences Foundation
{Tokyo, Japan), Lines PC9 and PC14 were kindly donated by Prof,
Hayata, Tokyo Medical University (Tokyo, Japan). SBC3/ADM,

Abbreviations: 4,0, distifled B,Q; DW, distilied water; FBS, Felal
Bovine Serum; GAFDH, giyceraldehyde-3- phosphate; 1AP, inhibitor of
apoptosis protein; ICyn, 50% inkibitory concentrstion; MTT, 3.¢4.5-
dimethy)-thiazol-2.y1)-2,5-diphenyltetrazolivm bromldeaN A RNA i”:’e’::
small cell lung cancer; si RNA, small interfering RNA; R deviation: SE
ference; RT-PCR, reverse transcription-PCR; SD, stendard deviation; SE,
standard erros, TUNEL, TaT mediated dUTP nick end labeling. ki Univer-

*Correspondence to: Department of Medical Oncoiog, AIPE - Woer’
sity School of Medicine, 377-2 Qhno-higashi, Osake-sayama, JS o
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" Figure 1 — Level of survivin mRNA in 22 Jung cancer cell lines. (@) Cells were incubated in a 75 em? fiask, harvested and analyzed using
real-time PCR as described in Materiat and methods. All data were normalized relative o the concentration of mRNA for the housekeeping gene
GAPDH and are presented as the mean & SD for at least 3 independent experiments. p53 status is presented. (b) Comparison between SBC3

and SBC3/ADM, the adriamycin-resistant subline, is shown.

a subline of SBC3 with approximately 8-fold stronger resistance
to the growth-inhibitory effect of adriamycin, as determined by
the MTT assay, was provided by Dr. Kiura, Okayama University
{Okayama, Japan). Lui35 was provided by Riken Cell Bank
(Tokyo, Japan). Mad6 was established in our laboratory from
malignant effusion of an NSCL.C patient. The cells were cultured
in RPMI-1640 mediom (Sigma Chemical Co., St. Louis, MO) sup-
plemented with 10% fetal bovine serum under a humidified atmos-
phere of 5% CO, and air at 37°C. All cell lines were discarded
afier 20 generations, and new lines were obtained from frozen
stocks. Some cell lines were analyzed for their ICso values
usinlg the MTT assay by incubating them with adriamycin for 72
hr2! With regard to pS3 status, NCT H226, H460, A549, SBC3,
SBC3/ADM, Lu99 and Lu99B possess wild-type p53. EBC-1,
PCY, LK2, 1Lué5, NCI H358, H522, H69, PC14, Lul35 and Lu65
possess mutated p53, NCI H1299 has deleted p53,22-2°

Real-time RT-PCR

Total RNA was extracted from cells treated with adriamycin,
siRNA or water using an RNeasy Mini Kit (Qiagen, Inc., Tokyo,
Japan). For first-strand cDNA synthesis, 1 pg total RNA from a
sample was added to components of the Super Script Preamplifica-
tion System (Life Technologies, Inc,, Gnithersburg, MD), as
described in the user’s manual, Real-Time PCR was performed
using the Gene Amp 5700 Sequence Detection System (Perkin-
Elmer), and mRNA expression was guantified. For this purpose,
1 pl cDNA was mixed with commercial reagents (TagMan PCR
Reagent Kit, Perkin-Elmer Biosystems), following the manufac-
turer’s protocol. Survivin ¢cDNA was amplified using a forward
primer consisting of 5'-ATGGGTGCCCCGACGT-3’ and a re-
verse pritner consisting of S5-AATGTAGAGATGCGGTGG-
TCCTT-3' and detected by a Tagman probe consisting of 5'-
CCCCTGCCTGGCAGCCCTTTC-3, each nucleotide corre-

sponding to positions 50-65, 92-114 and'69-89 of the 1,619 bp
survivin mRNA (GenBank NMO01168). Relative quantification of
gene expression was performed as described pr«wious]y,27 using
the housekeeping gene glyceraldehyde-3-phosphate (GAFDH) as
an internal standard.

Western-blotting analysis

Cells treated with adriamycin, SiRNA or water were harvested
with trypsin/EDTA, and PBS-washed cell pellets were treated
with HEPES 1ysate buffer (30 mM HEPES, 1% Triton X-100,
10% glycerol, 5 mM MgCly, 25 mM NaF, 1 mM EDTA and
10 mM NaCl). Equal amounts of protein extracts were loaded onto
sodium dodecy) suifate-polyacrylamide gels and ran at 200 V for
45 min followed by transfer to nitrocellulose membranes at 100 V
for 30 min. at room temperature. The membranes were probed
with the following primary antibodies: affinity-purified rabbit anti-
survivin antibody (R&D Systems, Inc., Minuneapolis, MN), mouse
monoclonal anti-p53 antibody (Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA), rabbit anti-actin affinity isolated antibody
(Sigma-Aldrich Co., St. Louis, MO} and mouse monoclonal anti-
caspase3 antibody (Santa Cruz Biotechnology) at room tempera~
ture for 120 min. As secondary antibodies, goat anti-rabbit labeled
with horseradish peroxidase (Amersham Biosciences, Bngland)
and sheep antj-mouse labeled with horseradish peroxidase (Santa
Cruz Biotechnology) were used. Blots were developed using 2
chemiluminescence detection system (Perkin Elmer Life Sciences,
Boston, MA). %

Flow cytometry .
Cells were treated with adriamyein, harvested, was!led wgth
PBS, fixed with 70% methanol, washed with PBS and stained with
propidium jodide solution (0.05 mg/mi propidivm iodide, 0.1%
Triton X-100, 0.1 mM EDTA and 0.05 mg/m] RNase A). Approx1-
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FiGuse 2 — Bxpression of survivin and p53 protein in lung cancer cell lincs with different p53 phenotypes following exposure 10 adriamycin
for the indicated time. (a) Westem-blotting analysis for expression of survivin and p53 in cell lines possessing wild-type p53, including A549,
NCI H460 and LU99B. Each of the cell lines was incubated with adriamycin at the 1Csp dose for the indicated time. Actin served as a control,
Treatment, harvest and analysis were repeated 3 times. (c) Western-blotting analysis for expression of survivin and p33 in PC) and PC14, pos-
sessing mutated p53, and in NCI 51299, possessing deleted p53. Each of the ceil jines was incubated with adriamycin at the ICso dose for the

indicated time. Actin served as & control. Treatment, harvest and snalysis were repeated 3 times, (b,d) Protein expression jevels were

&8s the meanxSD.

mately } X 10° stained cells were analyzed by flow cytometry in a
Becton Dickinson FACS calibur.??

SIRNA transfection

The siRNA duplexes for survivin and p53 were synthesized by
Dharmacon Research, Inc. (Lafayette, CO) using 2'-ACE protec-

presented

tion chemistry. The siRNA tergeting survivin corresponded 10 the
coding region 206404 relative to the start codon (GenBa.nk
NMOD1168). The siRNA targeting p53 corresponded to the coding
region 775~793. BLAST searches of the human genome database
were carried out to ensure the sequences wonld not tatget other
gene transcripts. Cells in the exponential phase of growth were
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Ficure 3 — Expression of survivin mRNA in Jung cancer cell lines with different p53 phenotypes following exposure 10 adriamycin for the
indicated time. Each of the cell lines with wild-type p53 (A549, NCI H460 and L1J99B), mutated p53 (PCY and PC14) or deleted p53 (NCI
H1299) was incubated with adriamycin at the 1Csg dose for the indicated time and analyzed by real-time PCR, as described jn Maierial and
methods. All data were normalized relative to the concentration of mRNA for the housekeeping gene GAPDH, and are presented as the mean

SD for at east 3 independent experiments.

plated in 12-well tissue culture plate at 4 X 10 cells/well, grown
for 24 hr and then transfected with 300 nM siRNA using otigofect-
amine and OPTI-MEM. Serum media (Invitrogen Life Technolo-
gies, Inc., Carlsbad, CA) were reduced according to the manufac-
turer’s protocol. Gene silencing was examined with Westem blot-
ting 24~72 hr afier transfection. Control cells were treated with
siRNA duplex targeting scramble (Dharmacon). These studies
were repeated 3 times and the data was presented as mean 2 SE.

TUNEL assay

Cells were fixed in 4% paraformaldehyde (pH 7.4) and then
stained and analyzed for apoptosis using an In Situ Cell Death
Detection Kit, Fluorescein (Roche Diagnostics GmbH, Mannheim,
Germany). Fixed cells were permeabilized using a mixture con-
taining 0.1% sodium citrate and 0.1% TritonX100 and incubated
with TUNEL reaction mixture containing terminal deoxynucleoti-
dyltransferase and fluorescein-dUTP at 37°C for 60 min, Flow
cytometric analysis using a FACS calibur was done to quantitate
apoptosis.?

Cell viability analysis

Cells treated with adriamycin or transfected with siRNA duplex
were washed with medium once and PBS twice, after staining with
trypan blue.

Statistical aralysis
All data are presented as mean % SD or mean * SE, and statis-
tical analysis was done by Student’s 2-tailed s-test (Stat View,

SAS Institute, Inc.). Differences at p < 0.05 were considered
significant.

Resuits
Survivin mRNA expression in lung cancer cell lines

The level of expression of survivin mRNA in the 22 human
lung cancer cell lines was analyzed by TagMan real-time PCR
(Fig. 1). Normalization was performed using GAPDH as an inter
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nal control. Harvest and analysis of each cell line was repeated at
least 3 times, and the mean and standard deviation for each cell
lines is shown. All lung cancer cell lines expressed survivin
mRNA, although the expression level varied. Among the 22 cell
lines, the p53 status of ]7 has been reporied. The mean survivin
expression of cells with wild-type p53, except for SBC3/ADM,
tended fo be less than that of cells with mutated or deleted p53
(@ = 0.0192). Moreover SBC3/ADM, which is 8 times more
adriamycin-resistant than SBC3 in terms of 1Cso, expressed about
3 times more sorvivin mRNA than did SBC3.

Decrease of survivin expression after adriamycin exposure is
dependent on functional p33 accumulation

To examine the p53 regulation of survivin expression, we moni-
tored the expression of survivin protein in cells treated continu-
ously with adriamycin at the ICsp dose by Western blotting
(Fig. 2). Harvest, treatment and analysis of each cell line were
repeated 3 times, The p53 phenotype of cell lines A549, NCl
H460 and Lu99B has been reported previously as wild-type p53;
PCY, PC14 and NCI H1299 possess mutant or deleted p53. In the
cells with wild-type p53 (A549, H460 and LuS9B), p53 expression
was induced 6 hr after adriamycin exposure and reached a peak
level by 24 hr or later. Survivin protein expression was repressed
for 72 hr after p53 accumulation (Fig. 2a). On the other hand,
expression of survivin protein in cells with mutated or deleted p53
(PCY, PC14 and H1299) was not significently decreased, and in
fact appeared 10 be strongly increased in PC14 (Fig. 2b). Addition-
ally, we analyzed survivin mRNA modification after adriamycin
exposure using real-time PCR (Fig. 3). As was observed for the
protein, the level of survivin mRNA showed & texp;{oral decrease
in all cell lines (A549, H460 and LU99B) containing wild-type
p53. Repression of survivin mRNA in these cell lines started with
accumulation of p53 during the first 6 hr (Fig. 3a). In contrast, in
cell lines with mutated or deleted p53 (PCY, PCi4 and HIZQ?)»
survivin mRNA did not decrease throughout the period of adria-
mycin exposure. Furthermore, in cell line PCY, the level of survi-
vin mRNA tended to increase (Fig. 3b).
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Dependence of altered cell cycle distribution on pS3 phenotype
Jollowing exposure 0 adriamycin

In each of the cell Jines treated with adriamycin, the cell cycle
distribution was analyzed by flow cytometry (Fig. 4). It was found
that the cell cycle distribution varied markedly depending on the
p53 phenotype. That is, following exposure to adriamycin cells
possessing wild-type p53 tended to show arrest in G1/S phase,
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FiGURE 4 - Cell cycle analysis of lung cancer cell lines with differ-
ent p53 phenotypes afler exposure to adriamycin. Each of the cell
lines possessing wild-type p53 (AS549, NCI H460 and LU99B),
mutated p53 (PCY and PC14) or deleted pS3 (INCI }11299) was incu-
bated with adriamycin at the 1Csp dose for the indicated time and ana-
lyzed by fiow cytometry as described in Matcrial and methods.
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whereas cells with mutated or deleted p53 became arrested in G2
phase. In cells contzining wild-type pS3, the G2/M peak tended to
decline along with repression of survivin protein after 24 hr of
adriamycin exposure, and the proportion of apoptetic cells (sub-
G1) increased. On the other hand, in cells with mutated or deleted
P53, the decline in the G2 peak was delayed in comparison with
wild cells possessing wild-type p53, and only 2 small proportion
of the cells becarne apoptotic after 24 hr of expression to adriamy-
cin (Fig. 4).

Inhibition of p53 using siRNA duplex, and resulting change in
survivin expression

We examined whether wild-type p53 functionatly regulates sur-
vivin, using the novel siRNA technique, which specifically inhib-
its p53. The siRNA duplex was designed to target coding region
775-793 after the start codon of p53. A549, a lung cancer cell line
possessing wild-type p53, was transfected with siRNA duplex tar-
geting p53, or scramble as a conirol, and the resulting levels of
survivin expression were determined by Western blotting
(Fig. 5a). All siRNA molecules have some intrinsic effect on
treated cells. We compared cells treated with scrambled siRNA
and cells treated with distilled water about p53 and survivin
expression, In a result, there is not a significant difference between
these. The siRNA duplex targeting p53 reduced p53 protein
expression to 54% of the contro] level within 48 hr (Fig. 5b), and
this was accompanied by an increase of survivin protein by as
much as 2 times the control leve] (Fig. 5¢).

Inhibition of survivin expression by siRNA duplex inhibits cell
proliferation and induces cell death

To evaluate the biological effect of survivin inhibition in lung
cancer cell lines, transfection with siRNA duplex was performed.
Cell line PCY, with mutated p53, was transfected with siRNA
duplex 1argeting survivin or with that targeting scramble 2s a con-

FiGURE § ~ (a) Incressing survivin
expression in A549 lung cancer cells
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possessing wild-type p53 as a resull of
p53 inhibition by siRNA dupiex.
A549 celis were treated with siRNA
duplex targeting p53, scramble or dis-
tilled water and then 48 hr later, cell
lysates were prepared from the
siRNA-treated cells. (@) Expressions
of 53, survivin and actin were 2na-
lyzed by Western blotting. (b} The
expression of p53 protein wes ana-
lyzed densitometrically using & Chem-
ilmager Alphalmager (ASTEC Co.,
Japan) and corrected relative to actin.
(c) The expression pf survivin protein
was anglyzed densitometrically using

Ratio Survivinfactin
— X}

o
(%,

a Chemilmager Alphalmager and cor-
vected relative to actin, All data e
presented as the mean + SD for a
feast 3 independent experiments. Stat-

jstical analysis was performed by Stu-
dent's 2-tailed r-test, *p < 0.05 ws.
cells treated with sSiRNA duplex tar-
geting scramble.
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FiGURE 6 — Effects of siRNA tar-
geting survivin on proliferation of
PCY lung cancer cells. PCO cells
were treated with siRNA duplex tar-
geting surviving, scramble or dis-
titled water, At the indicated time,
the cells were harvested and assayed
using the following _procedure.
{a) Expression of survivin and actin
was analyzed by Western bloting,
and actin was used as & control.
(b) The expression of survivin pro-
tein was analyzed densitometsicaily
using 8 Chemilmager Alphalmager,
snd comected relative to actin,
{c) Effect of siRNA targeting survi-
vin (closed square), scrambie (closed
circle) or distilled water (closed tri-
angle) on proliferation of PC9 cells.
Cell proliferation was measured by
counting the viable cells using wwy-
pan blue staining, All data are pre-
sented as (he mean*S.E. for at least
3 independent experiments, Statisti-
cal analysis was performed by Stu-
dent’s 2-tailed t test, *p < 0.05 ver-
sus cells treated with siRNA duplex
targeting scramble.

| ]
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trol. Scrambled siRNA did not have unspecific effect on survivin
expression compared to distilled water in each point. It was found
that expression of survivin protein was significanily repressed
after transfection with anti-survivin, compared {0 the control
(Fig. 6a,b). The level of survivin protein was reduced to 62% of
the control within 48 hr and to 45% within 72 hr. We then counted
the number of viable cells after siRNA transfection. As shown in
Figure 6c, the repression of survivin had a direct effect on celi pro-
liferation, A1 48 hr post-siRNA, survivin repression significantly
reduced the viable cell couni to 45% of the scrambled siRNA
treated cells (p < 0.05) and 47% of the control level at 72 br (p <
0.05). Viable cell count of the scrambled siRNA treated cells was
not different from distilled water treated cells in each point. In
addition, apoptosis was induced 1o a greater extent by survivin
repression, which is measured by the TUNEL assay (data not
shown).

Sensitization of lung cancer cell lines to adriamycin by siRNA
targeting survivin

Based on the fact that cell lines with mutated or deleted p53
stably expressed survivin after exposure to adriamycin, we
investigated the impact of survivin inhibition on adriamycin sen-
sitivity in cells with mutated pS3. Cell line PC9 possessing
mutated p53 was transiently transfected with siRNA duplex tar-
geting survivin, or with that targeting scramble as a control, for
48 hr. After the transfection, which significantly inhibited sorvi-
vin expression, the medium was replaced and adriamycin at the
ICsy dose, or water, was added. Adriamycin exposure was con-
tinued for 48 hr, and the cells were then harvested separately
for Western blotling, viable cell assay, TUNEL assay and pro-
caspase 3 assay. It was found that siRNA inhibited the expres-
sion of survivin by 57% at the start of adriamycin exposure and
that survivin inhibition was weakened to 20% by 48 hr (data
not shown). In terms of cell proliferation, antisurvivin siRNA

duplex alone, adriamycin alone or a combination of both was
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significantly more repressive than anti-scrambje siRNA followed
by water, as a contro) (*p < 0.05, Fig. 7). That is, 48 hr after
exposure 10 adriamycin or water, anti-Survivin SiRNA alone
inhibited cell growth to 55% of the control, adriamycin alone
reduced cell growih to 39%, and a combination of the 2r
reduced cell growth to 21% of the control. Within 12 hr after
exposure to adnamycin or water, exposure o anti-survivin
siRNA or adriamycin alone did not significantly inhibit cell pro-
liferation compared to the control; however the combination of
the 2 significantly repressed cel) proliferation o 44% of the
contro) (*p < 0.05), and we compared anmti-scrambled siRNA
with distilied water followed by adriamycin or not. As a result,
the scrambled siRINA effect on cell proliferation was small.

Induction of apoptosis in lung cancer cells by siRNA targeting
survivin, and resulting sensitization to adriamycin

Additionally, we performed a TUNEL assay to evaluate apopto-
sis (Fig. 8). Cells were transfected with anti-scramble, anti-survi-
vin siRNA duplex or distilled water for 48 hr and harvested for the
assay 24 hr after exposure to adriamycin or water. Cells treated
with water after anti-scramble were 5.1% TUNEL-positive,
whereas cells treated with anti-survivin siRNA alone or adriamy-
cin alone were 24.1% and 18.8% TUNEL-positive, respectively.
Anti-survivin siRNA duplex induced signiﬁca_mly more apoptosis
than that seen in the control (*p = 0.0298), Finally, the combina-
tion of anti-survivin SiRNA duplex and adriamycin exposure
resulted in 51.2% TUNEL-positivity, which wes a significantly
more potent effect than each of the other treatments (**p < 0.05).
Intrinsic effect of scrambled sIRNA on apoptosis was small, com-
pared to cells treated with scrambled siRNA and cells treated with
distilled water.

We rdditionally asscssed procaspase-3 expressed in cells
exposed to adriamycin after treatment with anti-scramble, anti-
survivin siRNA duplex or distilled water (Fig. 9). It has already
been reported that survivin potentially inhibits caspase-3 acti-
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TiGure 7 ~ Effects of siRNA duplex 1argeting of survivin on prolif-
cration of PCO lung cancer cells treated with adriamycin. PC9 cells
were exposed to adriamycin or water after 48 hr transfection with
siRNA duplex targeting surviving, scrambie or distilled water. Open
{riangle:water afier distilled water; open circle: water after transfec-
tion with sSiRNA duplex targeting scramble; open diamond: water after
wransfection with sIRNA duplex targeting survivin; closed triangle:
adriamycin after distilled watey; closed circle: adriamycin after trans-
fection with siRNA duplex targeting scramble; closed diamond: adria-
mycin after transfection with siRNA duplex targetling survivin. The
data are presented as the mean=tS.E. from 3 independent experiments.
Statistical analysis was performed by Student’s 2-tailed i-test. ¥p <
0.05 vs, cells treated with water after transfection with siRNA duplex
largeting scramble. **p < 0.05 vs. other treatments.

vation and inhibits apoptosis. The procaspase-3 level in the
cells exposed to adriamycin and treated with anti-survivin
siRNA decreased 10 50% of the level in cells exposed to adriamy-
cin followed by treatment with anti-scramble siRNA duplex.
We treated distilled water to replace anti-scramble siRNA, and
there is small eifect on pro-caspase3 expression in anti-scrambled
SiRNA.

Discussion

Survivin mRNA is expressed to various degrees in 2l of the
22 lung cancer cell lines vsed in our study. It has been reporied
that survivin'n mRNA is detectable in 85.5% of NSCLC tissue
samples apd that its expression level is comrelated with poor
prognosis.® The mean survivin expression in 6 cell lines with
wild-type p53, except for SBC3/ADM, tended to be low in com-
parison with the mean expression in 10 cel] lines possessing
mutant p53 (p = 0.019). There is no relationship between survi-
vin expression and histology or origin of carcinoma (Table 1). It
has been reported that survivin expression is associated with
accumulation of mutant p53 in pastric cancer and pencreatic
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Ficure 8 - Bffects of siRNA targeting survivin on apoplosis of
PC9 Jung cancer cells treated with adriamycin, evaluated by TUNEL
assay. PC9 cells were exposed to adriamycin or water for 24 hr afier
48 hr transfection with duplex siRNA targeting surviving, scramble or
distilled water. The data are presented as the meantS.E. for 3 inde-
pendent experiments. Statistical analysis was performed by Student’s
2-tailed rotest, ¥p<0.05 vs. cells treated with anti-scrambled siRNA.
*4p<0.05 vs. cells treated with each of the other treatments.

carcinoma, assayed by immunohistochemical staining.>
These data suggest that p53 might regulate survivin expression.
In addition, after exposure to adriamycin, survivin expression
show a transcriptional decrease following accumulation of wild-
type p53. Adriamycin is gencrally classified as a topoisomerase
11 inhibitor that indvces DNA double-strand breaks. The celiular
response to DNA damage, which includes nuclear accumuiation
of p53, has been studied extensively vsing adriamycin. Thus,
we used adriamycin in this study. In our study, p53 inhibition
by siRNA duplex resnlted in downregulation of survivin expres-
sion. The dependence of survivin repression on functional p53
has been investigated previously in a number of different cell
models and cancer cell lines.!*!)® Although it is generally
accepted that p53 activates a number of genes through direct
interaction with their promoter DNA, the mechanism whereby
P53 regulates survivin expression is still vnclear.? One possibil-
ity is that p53 might divectly bind o the promoter of survivin
and repress survivin transcription. In fact, a p53-binding motif
is reported to exist within the promoter of survivin.'!* In con-
trast, Mirza ef al.’® sugpested that a p53-binding motif was not
required for trabscriptional repression of survivin. They sug-
gested that chromatin deacetylation in the survivin promoter
could contribute to p53-dependent repression of survivin gene
expression. It is also possible that p53 might increase the level
of another transcriptiona] regulator (e.g., p21) and indirectly
downregulate survivin elsewhere downstresm.”” In our study,
both survivin and p53 expressions were low in 2 cell Jines with
wild-type p53 treated with adrismycin for 72 hr (Fig. 2a). It
may be explained by indirect survivin regulation by another
transcriptional factor. Z. Wang ef al>? previously showed that
survivin post-transiationally increased Mdm?2 protein, and subse-
quently ubiguitination of p53, by blocking caspases that could
cleave Mdm2 protein. We showed that p53 functionally
repressed survivin expression. In our study, there is 2 possibility
that survivin repression followed by adriamycin exposure m}B!“
affect p53 accomulation in wild-type p53 cell lines. Survivin
expression increased after adriamycin treatment in PC14 pos-
sessing mutant p53. Wall NR et al.®® also showed survivin pro-
tein increase in MCF?7 following adriamyein treatment, and they
supgested that survivin was phosphorylated by cdc2 and very
little degraded by an ubiquitination-dependent mechanism.
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FiGUuRe 9 — Effects of siRNA targeting survivin on pro-caspasc3
expression of PC9 Jung cancer cells ireated with adriamycin. PC9 cells
were exposed to adriamycin for 24 hy after 48 hr transfection with
duplex siRNA targeting survivin, scramble or distilled water, and each
sample was analyzed by Westem blotting. The data are presented as
the mean & S.E. for the 3 independent experiments. A vepresentative
blot is shown. Statistical analysis was performed by Student’s 2-tailed
ttest, *p < 0.05 vs. cells treated with other agents.

Investigation of cell cycle distribution after exposure to adria-
mycin has shown that cells possessing wild-type p53 tend to
become arrested in G1 phase, In these cell lines, transcriptional
p21 activation generally leads 10 G1 arrest. Additionally, we found
G2/M phase repression and apoptosis progression accompanying
repression of survivin protein. It has been reported previously that
transfection with survivin anti-sense or dominant negative survi-
vin gene resulied in accumulation of apoptotic cells and concomi-
tant Joss of G2/M phase cells.>**S Li &1 al.” showed that celis
transfected with a mutant survivin gene or survivin anti-sense
appeared to show increased caspase3 activity when synchronized
in G2/M phase but not in G1/S phase. We therefore anaiyzed the
cell cycle distribution of cell lines possessing mutated or deleted
p53. In contrast to cells with wild-type p53, these cells became
arrested in G2/M phase. Thus, survivin reiention in cells possess-
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TABLE 1 - HISTOLOGY AND ORIGIN OF EACH CELL LINE'

Cell Line Ristology Qrigin
Lu99 La Prim.
A549 Ad Prim.
EBC1 Sq Prim,
MA-46 Sq Effu.
RERF-LC-KJ Ad Prim.
OBgALKl La Effu.
Lu99B La Effu.
PCH Ad Prim.
SBC3 Sm Prim.
NCI-H292 - Muc Pom.
LK-2 8q Prim.
LU6S La Prim.
NCI-H358 Ad Prim.
PC14 Ad Prim.
S(g Sq Prim.
NCI-H226 Metho Effu.
NCI-H460 La Effu,
NCI-H522 Ad Prim.
Lu 135 Sm Prim.
NCI-H1299 La Lym.
NCI-H69 Sm Prim.

! Ad: adenocarcinoma, Sq: squamous cell carcinoma, La: large cell
carcinoma, Sm: small cell carcinoma, Metho: meseothelioma, Muc.:
n;_}xcqepidemoid carcinoma, Prim.; primary, Lym.: lymph node, Effu.:
ertusion,

ing mutant p53 might make them able to resist apoptosis at the
G2/M checkpoint.

One critical point of our study was to investigate differences in
the proliferation of cancer cells following survivin repression,
with the expectation that survivin inhibition itself would have a
potent anti-proliferation effect. In cells possessing mutated or
deleted pS3, survivin was stably expressed even after adriamycin
exposure and cell cycle arrest at the G2/M phase, indicating an
anti-apoptotic effect. Survivin inhibition by siRNA downstream of
p53 induced cell apoptosis and enhanced the anti-proliferative
effect. Survivin associates with microtubules of the mitotic spindle
at the beginning of mitosis, and disruption of survivin-microtubule
interactions increases caspase-3 activity.’ In order to inhibit survi-
vin specifically, we used siRNA. This efficiently repressed survi-
vin expression and inhibited cell proliferation in the absence of
any cytotoxic stimulus. 1t has been reported that antisense target-
ing of survivin induces apoptosis in lung cancer cells. Using
TUNEL assay, we aiso confirmed that anti-survivin siRNA duplex
induced apoptosis.

Finally, survivin inhibition was found to sensitize PC9 to an
anti-cancer agent, Exposure to Adriamycin after repression of sor-
vivin by siRNA significantly inhibited cell proliferation compared
to cells exposed to either adriamycin alone or anti-survivin siRNA .
alone. Data obtained by the TUNEL assay confinned that the dif-
ference in cell proliferation was based on apoptosis. /r vitro bind-
ing experiments have indicated that sugvivin specifically binds 1o
caspase-3 and -7, but not to caspase-8.” We also identified repres-
sion of procaspase-3 (which means activation gf casgase-S) fn
cells exposed 1o adrimmycin after treaiment with _anti-survivin
SIRNA. Activation of caspase-3 by inhibition of survivin may thus
promote sensitivity 1o adriamycin. 1In our study, the expression of
survivin mRNA in SBCI/ADM cells was greater than that in the
parental SBC cells (Fig. 1), indicating that survivin expression is
related to cell resistance to adriamycin. We lden}n_tied survivin
inhibition by siRNA in cells with mutated p53 sens;tx'zed to adria-
mycin., Combining transfection with a mutant survivin gene with
exposure o adriamycin did not enhance apopltosis 1 Hela cells
and MCF-7 cells, which have wild-type p53, compared (0 2
mutant survivin gene transfection alone or adriamycin alone.
The combined effect of the two against apoptosis may be depend-
ent on the character of each cell type, including p53 statws or the
compound targeting survivin. Additional studies will be needed to
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determine the combined effect of survivin inhibjtion and other
drugs on other cell lines.
1n conclusion, siRNA targeting survivin could be of potential

Acknowledgements
We thank E. Hatashita, Y. Yamads, T. Wada and M. Nagasaka

] eim, ? for experimental assistance. This investigation was selected for a
value for incressing the sensitivity of cancer cells to anti-cancer Scholer-in-Training Award at the 95th Annual Meeting of the
drugs, especially drug-resistant cells that possess mutated p53.

AACR.

References

Brown JM, Bradly G. Wouters. Apoptosis, p33, and tumor cell sensi-
tivity to anticancer agents. Cancer Res 1999:59:1391-9.

Ambrosini G, Adida C, Altieri DC. A novel anti-apoptosis gene,
suFvivin, expressed in cancer and lymphoma. Nat Med 1997:3:917-
21.

Monzo M, Rosell R, Felip E, Astudillo 3, Sanchez JJ, Maestre J,
Meartin C, Font A, Bamadas A, Abad A. A novel anti-apoptosis gene:
re-expression of survivin messenger RNA as a prognosis marker in
non-small-cell lung cancess. J Clin Oncol 1999:17:2100-4.

Kawasaki H, Akieri DC, Lu CD, Toyoda M, Tenjo T, Tanigawa N.
Inhibition of apoptosis by survivin predicts shorer survival rates in
colorectal cancer. Cancer Res 1998:58:5071~4.

Meng 1, Lu CD, Sun YL, Dai DJ, Lee SW, Tanifawa N. Expression
Ievel of wild-type sorvivin in gastric cancer is an independent predic-
tor of survival. World J Gastroenterol 2004:10:3245-50.

Tamm I, Weng Y, Sausville E, Seudiero DA, Vigna N, Oltersdorf T,
Reed JC. JAP-family protein survivin inhibits caspase activity and
apoptosis induced by Fas (CD95), Bax, caspases, and anticancer
drugs, Cancer Res 1998:58:5315-20.

Li F, Ambrosini G, Chu EY, Plescia J, Tognin S, Marchisio PC,
Altieri DC. Contro} of apoptosis and mitotic spindle checkpoint by
survivin, Natwre 1998:396:580-4.

¥errira CG, Tolis C, Giaconne G. p53 and chemosensitivity. Ann
Oncol 1999:10:101 1-21.

Lowe SW, Bodis S, McClatchey A, Remington L, Ruley HE, Fisher
DE, Bousman DE, Jacks T. p53 status and the efficacy of cancer ther-
apy in vivo, Science 1994:266:807-~10.

, E)-Deiry WS, Tokino T, Velculescu VE, Levy DB, Parsons R, Trent

IM, Lin D, Mercer WE, Kinzler KW, Vogelsicin B. WAF]I, a poten-
tia) mediator of p53 tumor suppression. Cell 1993:75:817-25.

. Lohr K, Moritz C, Contentc A, Dabbelstein M. p21/CDKN1A medi-

ates ncgative regulation of transeription by p53. J Biol Cher 2003:
29:32507-16.

Abn J, Murphy M. Kratowicz S, Wong A, Levine Al, George DX
Down-regulation of the siatlunin/Op18 and FKBP25 genes following
P53 induction. Oncogene 1999:18:5954-8.

Yun 1, Chae HD, Choy HE, Chung J, Yoo HS, Hen MH, Shin DY.
P33 negatively regulates cde2 transcription via the CCAAT-binding
NF-Y transcription factor. 3 Biol Chem 1999:274:29677-82,

. Hoffman WH, Biade 3, Ziifov JT, Chen J, Murphy M. Transcriptional

repression of (he anli-apoptotic survivin gene. by wild type p53. J Bio}
Chem 2002:27'1:3247-517.

Mirza A, McGuirtk M, Hockenberry TN, Wu Q, Asher H, Black S,
‘Wen SF, Wang L, Kirschmeier P, Bishop WR, Nielsen L1, Pickent
CB. et al. Human susvivin is negatively regulated by wild-type p53
and participates in p33-dependent apoptotic pathway. Oncogene
2002:21:2613-22.

Carter BZ, Wang RY, Schober WD, Milella M, Chism D, Andreeff
M. Targeting Survivin expressien induces cell proliferation defect and
subsequent cell death involving mitochondrial pathway in myeloid
leukemic cells. Cell Cycle 2003:2:488--93.

. Olie RA, Simoes-Wust AP, Baumann B, Leech SH, Fabbro D, Stahel

RA, Zangemeister-Wittke U. A novel antisense eligonucleotide tar-
geting survivin expression induces apoptosis and sensitizes fung can-
cer cells 10 chemotherapy. Cancer Res 2000:60:2805--9,

Elbashir SM, Harborih J, Lendeckel W, Yalcin A, Weber K, Tuschi
T. Duplexes of 21-nuciectide RNAs mediate RNA interfercnce in cul-
tured mammalian cells. Nature 2001:411:494-8,

. Brant] S. Antisense-RNA regulation and RNA interference. Biophys-

ica Acta 2002:1575:15-25.

20. Fukumoto H, Nishio K, Ohta S, Henai N, Fukuoka K, Ohe ¥, Sugihara

21,

23,

25.

26.

27,

2.
30.

3L

32,

33.

34

35

36.

746

K, %gg;ma T, Salija Ig eé K’I.ZBffecéscg dI;meﬁe antigangloside GM2
i on ganglioside ~expressing humsan solid tomors in vivo,
Int ¥ Cancer 1999:82:759-64. ’

Mosmenn T. Rapid colorimetric ssssy for cellular growth and sur-
vival: application to proliferation and cytotoxicity essays. J Immunol
Methods 1983:65:55-63. .

. Hensel CH, Xieng RH, Sakeguchi AY, Naylor SL. Use of the Single
Strand Conformation Polymorphism Technique and PCR to Detect
185}30 Ser;t; Mutations in Small Cell Lung Cancer. Oncogene 1991:
Mitsudomi T, Steinberg SM, Naw MM, Carbone D, Demico D, Bod-
ner §, Oie HK, Linnoila R1, Mulshine JL, Minna JD, Gazder AF. pS3
Gene mutations in non-small-cell Jung cancer cell Jines and their cor-
relation with the presence of res mutations and clinical features.
Oncogene 1992:7:173-80.

. Kashii T, Mizushima Y, Monno S, Nakagawa K, Kobayashi M, Gene

analysis of X-ras, H-ras, p53, and retinoblastoma susceptibility genes
in human lung cancer cell lines by the polymerase chain Reaction/Sin-
gle-Strand conformation polymorphistn method. J Cancer Res Clin
Oncol 1994:120:143-8.

Jia LQ, Osada M, Ishioka C, Gamo M, Ykawa S, Suzuki T, Shimodsira
H, Niiteni T, Kudo T, Akiyama M, Kimura N, Metsuo M, et al,
Screening the p53 status of human cell lines vsing 2 yeast functional
assay. Mol Carcinogen 1997:19:243~53.

Fujita T, Kiyama M, Tomizawa Y, Kohno T, Yokota J. Comprehen-
sive analysis of p53 gene mutation characteristics in lung carcinoma
;g%h ;gccial reference to histologica) suhtypes. Int J Oncol 1999:15:
Yoshida M, Suzuki T, Xomiya T, Hatashila E, Nishio K, Kazuhiko N,
Nakagawa K, Fukvoka M. Induction of MRPS and SMRP mRNA by
adriamycin cxposure and jts overexpression in human long cancer
cells resistant 10 adriamycin. Int 3 Cancer 200¥:94:432-7.

. Tamura K, Southwick EC, Xems 1, Rosi X, Carr BI, Wilcox C, Lazo

3S. Cdc25 inhibition and cell cycle arrest by a synthetic thioalkyl vita-
min K analogue. Cancer Res 2000:60:3317-25.

Sgonc R, Gruber J. Apoptosis detection: an overview. Exp Gerontol
1998:33:525-33.

Lu CD, Altieri DC, Tanigawa N. Expression of a novel antiapoptosis
gene, survivin, correlated with tamor cell apoptosis and p53 accumu-
lation in gastric carcinomas. Cancer Res 1998:58:1808-12.

Sarela Al, Verheke CS, Ramsdale J, Davies CL, Markham AF, Guil
lou FJ. Expression of survivin, a novel inhibitor of apaptosis and cell
cycle regulatory protein, in pancreatic adenocarcinoma, Br J Cancer
2002:86:886-92.

Wang Z, Fukuda S, Pelus LM. Survivin regulates the p53 tumor sup-
pressor gene family. Oncogenc 2004:23:8146~53.

Wall NR, O'Connor DS, Plescia J, Pommier Y, Altieri DC. Suppres-
sion of survivin phosphorylation on Thr34 by flavopiridol cnhances
tumor cell apoptosis. Cancer Res 2003:63:230-5. .
Ambrosini G, Adida C, Situgo G, Altieri DC. Induction of apoptosis
and inhibition of cell proliferation by survivin genc targeting. J Biol
Chem 1998:273:11177-82,

Grossman D, Kim PJ, Schechner JS, Altieri DC. Inhibition of mela-
noma tumoz growth in vivo by survivin targeting. Proc Natl Acad Scj
U S A 2001:98:635-40. . .
Mehdi Mesri, Nathen R. Wall, Jia Li, Richard W. Kim, Dario C.
Altieri. Cancer gene therapy using a suvivin mutant adenovirus. J Clin
Inv 2001:108:981-90.



R ORICINAL CONTRIBUTION

Stereotactic Radiosurgery Plus Whole-Brain
Radiation Therapy vs Stereotactic Radiosurgery

Alone for Treatment of Brain Metastases
A Randomized Controlled Trial

Hidefumi Aoyama, MD, PhD
Ihiroki Shirato, MD. PkD
Masao Tago, MD, PhD)
Keiichi Nakagawa, MD, PhD
Tatsuya Toyoda, MD, PhD
Kazuo Hatano, MD, PLD
Masahiro Kenjyo, MD, PhD
Natsuo Oya, MD). PhD)
Sacko Hirota, MD, PhD
Hiroki Shioura, MDD, Phl)
Ftsno Kunieda. MD, PhD
Taisuke Inomata, MD, Phi)
Kazushige [']a.\.';’.lkal\\‘il, MD, PhD
Norio Katoh, MD

Gen Kobashi, MD, PhD

RAIN METASTASES OCCUR IN 20%

10 40% of all patients with can-

cer and are generally associ-

ated with a poor prognosis.'?

The most common route of metastatic

dissemination resulting in brain me-

tastases is hematogenous, and it is

therefore presumed that the entire brain

is “secded” with micrometastatic dis-

ease, even when only a single intracra-

nial lesion is detected. Consequently,

whole-brain radiation therapy (WBRT)
has been a mainstay of reatment.'

Recently, the assumption that the en-

tire brain is seeded with micrometas-

tases in all paticnts with overt brain me-

tastases has been questioned, prompting

For editorial comment see p 2535.
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Context In patients with brain metastases, it is unclear whether adding up-front whole-
brain radiation therapy (WBRT) to stereotactic radiosurgery (SRS) has beneficial ef-
fects on mortality or neurologic function compared with SRS alone.

Objective To determine if WBRT combined with SRS results in improvements in sur-
vival, brain tumor control, functional preservation rate, and frequency of neurologic death.

Design, Setting, and Patients Randomized controlled trial of 132 patients with 1
to 4 brain metastases, each less than 3 cm in diameter, enrolled at 11 hospitals in Ja-
pan between October 1999 and December 2003.

Interventions Patients were randomly assigned to receive WBRT plus SRS (65 pa-
tients) or SRS alone (67 patients).

Main Outcome Measures The primary end point was overall survival; secondary
end points were brain tumor recurrence, salvage brain treatment, functional preser-
vation, toxic effects of radiation, and cause of death.

Results The median survival time and the 1-year actuarial survival rate were 7.5 months
and 38.5% (95% confidence interval, 26.7%-50.3%) in the WBRT - SRS group and
8.0 months and 28.4% (95% confidence interval, 17.6%-39.2 %) for SRS alone (P=.42).
The 12-month brain tumor recurrence rate was 46.8% in the WBRT + SRS group and
76.4% for SRS alone group (P<.001). Salvage brain treatment was less frequently required
in the WBRT -+ SRS group (n = 10) than with SRS alone (n = 29) (P<.001). Death was
attributed to neurologic causes in 22.8% of patients in the WBRT + SRS group and in
19.3% of those treated with SRS alone (P=.64). There were no significant differences
in systemic and neurologic functional preservation and toxic effects of radiation.

Conclusions Compared with SRS alone, the use of WBRT plus SRS did not improve
survival for patients with 1 to 4 brain metastases, but intracranial relapse occurred con-
siderably more frequently in those who did not receive WBRT. Consequently, salvage
treatment is frequently required when up-front WBRT is not used.

Trial Registration umin.ac.jp/ctr Identifier: CO00000412
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a contrarian philosophy that in some
paticnts, the intracranial diseasc is truly
limited—the so-called oligometasva-
ses situation. For paticuts who tuly
have limited intracranial disease, tie po-
tential exists that WBRT could be re-
placed by {ocal therapeutic options such
as resection or stercotactic radiosur-
gery (SRS), which delivers high-dose,
focal radiation.”?

The adverse effects of WBRT re-
quire a further examination of s role.
Acute adverse effects are generally
limited in severity and duration; how-
ever, the long-term risks ol serious
and permanent toxic clfects, including
cognitive deterioration and cercbellar
dysfuncion, are poorly understood ™
In the attempl to minimize potential
long-term morbidity following WBRT,
treatments initially relyving on focal
therapeutic options are heing used
with increasing frequency. Although
there have heen several retrospective
reports.” only 1 prospective random-

ized study compared the owcome of

conventional surgery alone and sur-
gery lollowed by WBRT.® Sneed et alf
cotlected raw data on 983 patients
from 10 institutions and suggesied
that there was no survival difference
berween patients treated with SRS
alone and thoese treated with WBRT
plus SRS, Flickinger et al® reviewed
116 patients with solitary hrain
metastases who underwent SRS with
or without {ractionated targe-field
radiotherapy and found improved
local control, but not improved
survival, with the addition of {raction-
ated farge-field radiotherapy. Regine
et al’ suggesied that SRS alone is asso-
ciated with an increasingly signilicant
risk of brain tumor recurrence and
neurologic deficit with increasing sur-
vival time. Pirzkall et al’® showed a
wrend for superior focal control and
survival when SRS was combined
with WBRT i 236 patients with 311
hrain metastases. Aoyama ct al,t!
Chidel et al,** and Shirato et alt® have
all shown that omission of WBRT
from inidal management was not det-
rimental in terms of overall survival,
but brain tumors recarred in more

2484
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than 304% of paticnts treated in this
manner. Patchell ¢t al™ have shown
that patients with cancer and single
wetastases 1o the brain who receive
treatment with surgical resection and
postoperative WBRT have lewer recur-
rences of cancer in the brain and are
less likely 1o die of neurologic causes
than are similar patients treated with
surgical resection alone,

Hercein, we report the resulis of a pro-
spective, multi-institutional, random-
izek conrolled wial comparing WBRT
plus SRS vs SRS alonc for patienis with
Timited (defined as = 4) brain metasta-
ses. Through aliterature search and ex-
amination of clinical wrial registrics, we
confinmed that this is the first muld-
institwiional, prospective, random-
ized comparison of WBRT phus SRS vs
SRS alone.

METHODS
Eligibility Criteria

Patients were eligible who were aged 18
years or older with 1o 4 brain metas-
tases, cach with a maximuwn diamcter
of no more than 3 am on contrast-
enhanced magnetic resonance imag-
ing (MR1) scans, derived from a histo-
logically confirmed sysiemic cancer.
Patients with metastases [rom small cell
carcinoma, lymphoma, germinoma, and
multiple mycloma were excluded. Eli-
gible patients had a Karnolsky Perfor-
mance Status (KPS) scove of 70 or
higher. The protocol was approved by
the institutional review boards of Hok-
kaido University, Sapporo, Japan, and
of 10 other institwtions that partici-
pated in the wial through the Japancse
Radiation Oncology Study Group
(JROSG 99-1). Written informed con-
sent was obtained from cach patient be-
fore enury into the study.

Randomization and Treatment

Randomizalion was performed at the
Hokkaido University Hospital Data
Center. A permuted-blocks random-
ization algorithm was used with
a block size of 4. A randomization
sheet was created fov cach institution,
Alter written informed consent was
obtained, eligible patients were ran-

domly assigned 1o receive either
up-lront WBRT combined with SRS or
SRS without up-lront WBRT. Prior to
randomization, the patients were
stratificd based on number of hrain
metastases (single vs 2-4), extent of
extracranial discase (nctive vs stable).
and primary tumor site (lung vs other
sites). Extracranial disease was consid-
cred o be stable when the twmor had
been clinically controlled for 6 months
or longer prior 1o the detection of
brain metasiases.

The WBRT dosage schedule was 30
Gy in 10 fractions over 2 1o 2.5 weeks.
The WBRT ucatment visit procecded
o SRS when patients weve assigned 10
the WBRT -+ SRS group. The SRS dose
was prescribed o the tamor margin.
Mctastases with a maximum diamcter
of up o 2 cm were treated with doses
of 22 10 25 Gy and thosc larger than 2
em were treated with doses of 18 10 20
Gy. The dose was reduced by 30%
when the treatment was combined
with WBRT because the optimal com-
hination of WBRT and SRS had not
been stadied in well-conducted, pro-
spective, phase 1 dose escalaion trials.
In the 1990s, the Radiation Therapy
Oncology Group (RTOG) initiated a
phase 1 dose escalation trial ol SRS
alone in patients wha had previously
undereonc radiation wreatment.'” This
rrial was stopped carly without reach-
ing the maximum tolerance dose, and

Stumor size=dependent dose recom-

mendations for SRS alone were
described. No phase 1 trial has cever
tested the combination of WBRT and
SRS doses. Thervelore, there is no well-
known or scientifically recommended
dose Tor the combination of WBRT
and SRS, There arce clearly concerns
that the combination could be poten-
dally deleterious. Therefore, various
studics have adopted different
approaches lor sclection of the dose
combinations to be tested. Several ret-
rospective data suggested that the
RTOG dose guidelines might be asso-
ciated with a higher lrequency of late
radiation toxic cffects when used with
WBRT.'"* Qur preexisting experience
of SRS with a 30% reduced SRS dose

©2006 American Medical Association. Al rights rescrved.
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combined with WBRT indicated thai
there is not a signilicant diflerence in
local tumor control {(data not shown)
compared with SRS with the dose sug-
gested in the RTOG protocol. There-
fore, we decided to use a 308 reduced
SRS dose in the WBRT -+ SRS group in
this study.

Follow-up Protocol

We performed clinical evaluations and
MRI scans | and 3 months alter 1reat-
mentand every 3 months thereaiter. In
cases in which a vecurrence was de-
tected, further treatment was adminis-
tered at the discretion of the attending
physician. The size of the treated le-
sions was measured in 3 dimensions,
and this size, the development of new
brain mctastascs, and the develop-
went of leukoencephalopathy associ-
ated with radiological lindings (accord-
ing (o the National Cancer Instituw’s
Common Toxicity Criteria version
2.0') were scored based on serial MR
scans. Local tumor progression was de-
lined as a radiographic increase of 25%
or more in the size of a metastatic e
sion (bidimensional product). 1f an MRi
result showed central or heterogeneous
low intensity and il the lesion size de-
creased on serial studices, brain necro-
sis was scored; posiiron emission to-
mography or surgical resection was
encouraged as appropriate o confirm
MR lindings.

At each visit, lwnctional status and
newrologic toxie effects were scored.
Systemic funciional status was evalu-
ated by using the KPS score. Neuro-
logic function was evaluated according
Lo the criteria listed in TABLE 1.7 Neu-
rosurgeons or radiation oncologists spe-
cializing in newro-oncology measured
the neurologic status as well as the KPS
score al the clinic. We did not auempt
to blind the investigators with vegard ro
patients’ treatment assignments. Sys-
temalic functional status and neuro-
logic function were scored by the phy-
sicians who treated the patients. Anacute
toxic effect was identilied as an event that
arose within 90 days of the initiation of
radiotherapy and a late toxic effect was
considered as an event that ocawred

©2006 American Medical Association. All rights reserved.

therealier, according to the central ner-
vous system LoxXicity criteria listed among
the RTOG Late Radiation Morbidity
Scoring Criteria.™ For all patients who
died, the cause of death was deter-
mined. The cause of death was deter-

Table 1. Baseline Characteristics®

mined by autopsy in | patient and by
clinical evaluation based on (he delini-
tion proposed by Patchell et al® in all
other patients. Paticnis were consid-
cered 1o have died of newrologic causes
if they had stable systemic discase and

. WBRT + SRS SRS Alone
Characteristics (n = 65) (n=67)
at diagnasis, mean range). v 82.535-78) 821 {33-365)
<G5 32 (49} 34 (31)
=g 3364 33 {49)
Men A5 {71} 53179

No. of brain melssiases

1 31{48) 35 (44
2-4 34 (52) 34{51)
Prirnary umor siie
Braast 6(2) 3 (4
tiing A3 (65) 45 167)
Colorects 5(5) 5 ()
Kicney 5(5) 5(7)
Cther 5 (D 2(12)
Priessary mor status
Statln 30 (45) 33 (49)
Active 35 (54) 34(51)
Extracranial meiastases
Stagle 4163} 38 (57)
24437) 29 (43
11t a2
Class 2 faged =66 yows: active 5433 59 (688)
extracranial giseasa)
istalogical status
Squamos cell 7 11(18)
Adsnocarcnoma A3 (GB) 43 (64)
Large cell 203) EN(G]
Gtier Q{14 (13}
KPS scoret
70-80 31(48) 23(34)
a0-100 34 (32) 14 (66)
Neurolegic function
No symptoms {grade 0) 38 (54) A
Minor symptoms, fully active without 12 (18) 13 (19)
assistance (grade 1)
Moderate syrmptoms; fully active tut 812} 4 (6)
25 assistance (grade 2)
Moderate symptoms; less than fully active, (i 3(5)
raqusires assistance (grade 3) .
Saevere symploms: tolally inactive {grads 4j 0 0
Chemotherapy after brain treatment 18 (38) 19 {40)

Maximum diameter of brain melastases. om
Maan. (SD)

1.53 .78 1.42 0.79

Maodian (rango)

1,40 (0.2-3.01 1,30 (0.2-3.0)

SRS dose al the iumor margin, mean (S0), Gy

16.5 (3.6)

21.92.7;

nanen Status: 3PA, encurave pruitinn analysis

e radiosurgeny:

~t8 unlass othenvase rotad.
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progressive newrelogic dyslunction. Pa-
tients with severe neurologic disability
who died of intercurrentiliness were also
inchuded among neurelogic deaths, as
were patients with both rapidly progres-
sive systemic disease and advancing neu-
ralogic dysfunction, because these pa-
ticnts also represent brain trecatment
[ailures.

Figure 1. Flow of Study Participants

150 Patients

L e

67 Assigned to Recewe -

i 685 Assignad 1 Rece o
SAS Alone

WERT+SRS
57 Receivad 55 Recened SRS
'WRAT+SRS as as Assigned
Assighed 2 Did Not Receive
: 2 Received SRS SRS (Med-cal
Only (fithdirerrs Reasons)
Conzent) i 0 Recefred
: S Did Notfeceve | 1 Up-Front WBRT |
SRS Medical ;

67 ncludedinthe
Analysis Analysis H

SRS indicates stereotaclic radiosurgery: WBRT. whole-
brain radiation therapy.

Figur

e 2. Overall Survival and Brain Tumaor Recurrence at Distant Sites

End Points and Statistical Analysis

The primary end point of the study was
averall survival. Secondary end poims
were cause of death, funciional pres-
ervalion, brain tamor recurrence, sal-
vage treatment, and toxice effects of ra-
diation. All analyses were conducted on
an intention-to-treat basis. The study
was designed to have 80% power 1o de-
teetan absolute difference of 30% in the
miedian survival time, with a 2-sided «
level of .03, Using an estimated me-
dian survival time of 8.7 months for the
group receiving SRS alone'' and a fol-
low-up time of 15 months, the sample
size required (o deteet this dilference
was 89 paticnts per group. An interim
analysis was planued wherein 50 pa-
tients would be assigned 10 cach group
10 determine whether the sample size
was Jarge enough (o show a signifi-
cant differcnce with a 2-sided « level
ol .03, End points were measured be-
ginning at the date of randomization.
Univariate analyses were carried out by
the Kaplan-Mcier method " We as-
sumed that the survival rawe was al-
ways higherin the WBRT + SRS group
than in the $RS-alone group based on
the suggestions in a retrospective siudy,
and we used the log-rank test to com-
pare diflerences between the groups.
The x* test was used to determine the

refationship between 2 categorical vavi-
ahlcs, and the Fisher exact test was used
when small cell sizes were encoun-
tered in 2X 2 contingency tables. A
2-tailed ¢ test was used to compare the
means of continuous variables be-
tween the trealment groups. Mudtivar-
tate analyses were performed o evalu-
ate the factors selected via the univariale
analyses (P<.10). Suratification in the
vandomization was taken into ac-
count in the statistical analysis. The Cox
proportonad hazards model was used
to caleulaic hazard ratios and 93% con-
fidence intervals (Cls).™ A 2-sided P
value of .05 or less was considered to
reflect statistical significance. Addi-
tional covariates were examined as ap-
propriate and are noted in the “Re-
sults™ scction. All statistical analyses
were initially performed by a pbysi-
gian (FLAL) using o commercial statis-
tcal software package (StatView ver-
sion 3.0J, SAS Institute Inc, Cary, NCO),
and all results were verified by a stat-
istician (G.K.) using a dilferent soft-
ware package (SAS, version 9.1, SAS tu-
stitwte Jupan Lid, Tokyo, Japan).

RESULTS
Patients and Treatment

The recruitment period was from Qcto-
ber 1999 1o December 2003, There were

Overall Survival

041

Proportion Surviving

0.2}

1z 2 30
Monlhs
Ng. of Patients at Risk
VBRYT+SRS 85 35 25 15 14 10 3]
SRS Alone &7 43 1¢ 12 7 5 5

R ] |0 .
———— WaRT+SRS :
3RS Alone g
8 5 08i
5 N
15 3
@ i
@ 05
T
i) i
8 ;
‘: 044 i ;‘
Loty Rark 2= 42 .f:; H
<
8
a

No. of Patienis at Risk
WORT.SRS 63 28
SRS Alone 62 15

oo
~

Brain Tumor Recurrence at Distant Sites

tog-Rank £::.003

7 3 5 3 2

B 12 N
74 4 8 2 ot

1]

The mean survival linie was 7.5 months for patients receiving whole-brain radiation therapy (WBRT) plus stereotactic radiosurgery (SRS) and 8.0 months for patients
receiving SRS alone. This difference was nol significant (P=.42). There was a stalistically significant decrease in brain tumor recurrence in the WBRT SRS group

{P=.003).
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160 eligible paticnus, ol whom 132 (83%)
were randomized (65 to WBRT + SRS
and 67 10 SRS alone) (Figurr 1). The
date of {ast follow-up was April 2005.
The interim analysis was performed
with 122 patients (about 60 in cach
group), which takes into account the
possihle number ol patients with pro-
tocol violations. Patient acerual was ter-
minated befove the planned finad ac-
crual number had been reached because
the results of the interim analyses in-
dicated that at feast 805 patientis were
necessary to detect asignificant differ-
ence in the primary end points. In ad-
dition, the numbers of patients ap-
peared suflicient to detect a significant
difference in brain tumaor recurrence
rates: 31 patiems in cach group were
shown 1o be enough 1o deteet a 30% dif-
ference in the median month of 50%
brain tumor recurrence (16,2 monihs
with WBRT + SRS vs 5.3 months with
SRS alone).

There was no statistical difference be-
tween the groups in the bascline char-
acteristics of the patients (Table 1). The
median follow-up thne was 7.8 months
(range. 0.5-38.7 months) for the en-
tive stady and 49.2 months (range, 19.6-
38.7 months) for survivors. Ninety-
wwo percent of the patienis included in
the study completed the assigned treat-
ment (Figure 1).

Survival and Cause of Death

By the tme of the last follow-up visit

in April 2005, 537 padents in the
WBRT + SRS group and 62 patients in
the SRS-alone group had died. Death
was attributed to neurologic causes
in 13 patients (22.8%) in the
WBRT + SRS group and in 12 patients
(19.3%) in the SRS-alonce group
(x*=0.21; P=.64). The median
survival time was 7.3 mouths with
WBRT + SRS and 8.0 months with SRS
alone. The higher wedian survival
time with SRS alone was discordant,
with the -year actuarial survival
rates of 38.5% (93% CI, 26.7%-30.3%)
for the WBRT + SRS group and
28.4% (95% Cl, 17.6%-39.2%) for
the SRS-alone group (P=.42).
Ficure 2A shows that this discor-

@2006 American Medical Association, Al vights reserved.

dance was due 10 the crossing of the
2 survival curves. The resulis of the
univariare and muliivariate analyses
are shown in TABLE 2 and TARLE 3.
The number of paticuts in cach insii-
tution was oo small e allow {or a
meaningful comparison among insti-
wations. Recwrsive partition analysis
was nol included in the multivariaie
analysis because it is not indepen-

Table 2. Univariatc Survival Analysis

dent of age and extracranial metasta-
ses. Treatment group was not found
10 be significant in either analysis.

Posttreatment Neurologic Toxicity

A summary of postireatment neuro-
lagic toxicity is given in TABLE 4. Symp-
tomaitic acute neurologic toxicity was
observed in 4 paticnis receiving
WBRT -+ SRS and in 8 paticnis veceiv-

No. of Survival Time, P
Participants Median (Range), mao Value
Treatment group
WHRL & GHY 35 7.5 U.83-58.7) 49
SRS alone &7 2
€5 .
.......... G7
66
= L
Female 33
No. of rain melasiases
i 68
- 02
2-1 64
Primary lumor site
1Ny s8 8.1 {0.5-58.7) ‘]
e ahd
Gty i 7.3 0.8-57.0 .
Primary lumor stabus
Statis Ga 0.2 {0.9-58.7) ] .
Ac 63 6.3 {0.5-53.5) )
Extracranial metastases
Staf)le /9 ) 13.3 (1.‘1 58.7) " .
Active 83 5.1{0.5-556.5)
8PA
ace 1Q
Qi(z..x, 1 . _ 1 PN
Clags 2 13 7.5{0.5-55.9) ..

KPS scora
70-80

90-100

3.0 (0.5-58.7) ]
78 9.2 (0.8-57.0) _

Chamothorapy after brain froatment
Yes

10.1(1.3-53.9)

Table 3. Muitivariate Survival Analysis

Hazard Ratio P
Variables® (85% Cl) Value
Treatment group (WIBRT 4 GRRS) 1.37 {0.93-1.98) AR
Age (=65 1) B 1.48 (1.01-2.16) 04
No. of train melastases (1) 1,36 {0.94-1.97) ]
Famary tumor status {stable) 1.62 {1.11-2.38} at
Extracranial metastases (stable) 2.35 (1.55-3.55) =007
KIS scora {80- 100) 1.69 {1.15-2.47) 007
A ) o N Py

erval KES, Karsolshy Parformange

{Reptinted) JAMA, Jure 7. 2006—NVnoi 293 Ne 21
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Table 4. Treatment-Related Neurotoxic Effects’

No. in WBRT + SRS Group

No. in SRS-Alone Group

(n =865) (n=67)
IGrade 1 Grade 2 Grade 3 Grade 4I 'Grade 1 Grade 2 Grade 3 Grade 4!
Acute loxic effects 2 1 1 0 3 3 2 G
Seizure (i ¢ i 4 1 2 t ]
Other 2 3 9] 4] a2 § i O
Late loxic effects 3 5 2 2 3 0 o] 2
Rachiation necrosis f Q 0 2 ¢} 0 4] I
Lavkaencephalepathy 1 4] 2 ] [¢] G 4] 0
Gthart 1 I 0 o 1 5 0 :
Radiclogicat lm l!<EJG’H(‘(‘)’_)h{ﬂ()!)il’.hy 2 3 2 0 1 i n 0

Table 5. Univ

ariate Analysis of Development of New Metastases at Distant Brain Sites

RS group and oo

Actuarial Rate, %

1 Log-Rank
6 mo 12mo P Value
Treatment groug
WEBRYE - SHS 173 1.5 "] v
GRS
3RS alone 49.8 B 4

34.5 e
83
334
Sox
Aale ary e
Malg 32.7 15
Famale 34.5
No. of brain metastases
27.3 A ] o
2-4 A2
Primary turmor sils
Lung 2.8 52.0 J .
_ o A
(ther A43.1 558
Primary wmor status
S 32.8 .
- 20
371
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ing SRS alone (P=.36), including | and
2 patients with grade 3 woxicity, respec-
tively, in each group. The symptoms de-
veloped a median of 6 days alter initia-
tion ol treatment {range, 1-64 days) in
the WBRT + SRS group and 10 days
(range, 1-86 days) in the SRS-alone
group. Sympromatic late neurolagic ra-
diation toxic efleets were observed in
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JAFAA, Jaie 7. 2000—\01 205 No 21 (Reprinted)

FPerinmance Status: S8, suar

7 patients in the WBRT + SRS group
and in 3 patients in the SRS-alone group
(P=.20). Toxic effects were experi-
enced lor a median of 15.6 months
{range. 6.7-59.4 months) in the
WBRT + SRS group and 6.2 months
{range, 5.8-8.1 months) in the SRS-
alone group. There were 3 cases ol ra-
diation necrosis (grade 1, n=1; grade

the Si%

1 O

4, n=2). 3 cases of leukoencephalopa-
thy (grade 1, n=1; grade 3. n=2), and
I case of slight lethargy (grade 1) in the
WRBRT -+ SRS group. In patients receiv-
ing SRS alonc. the following clfects were
ohserved: 1 case of radiation necrosis
(grade 43, 1 of scizure (grade 43, and |
of headache (grade ). Radiation nce-
crosis was diagnosed using positron
cnission tomography or surgical re-
section in all cases. Radiological find-
ings consistent with leukoencephalopa-
thy werce abserved in 7 patients in the
WHRT + SRS group and in 2 patients in
the SRS-atone group (P=.09). Three ol
these 9 paticnts also expericnced synip-
tomatic leukoencephalopathy; the other
6 patients were asympiomalic.

Brain Tumor Recurrence

Brain tumor recurrence at cither (hS“
tant or local sites in the brain was ob-
served in 63 patvients (23 in the
WBRT -+ SRS group and 40 in the SRS-
alone group). The 12-moenth acuarial
brain twnor recurrence rate was 46.8%
(95% C1, 29.7%-63.9%) in the
WBRT -+ SRS group and 76.4% (95% CL.
63.3%-89.3%) in the SRS-alone group
(P<.001).

Fifty-five patients had new brain me-
tastases at distant sites (21 in the
WHRRT + SRS group and 34 in the SRS-
alone group). The 1 2Z-month actuarial
rate of developing vew brain metasia-
ses was 41.5% (95% CI1, 2+4.4%-
38.6%) in the WBRT + SRS group and
63.79% (95% Cl, 49.0%-78.4%) in the
SRS-dlone group (P=.003) (Figure 2B).
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The mulivariate analysis revealed that
WBRT + SRS was associated with are-
duced risk of recurrence (hazard ra-
tio, 0.32: 95% CI, 0.18-0.58; P<C.001)
(TapLE 5 and TABLE 6).

During the followe-up periad, 122 pa-
tients {92% of the Lotal patients en-
rolled) bad at least | lollow-up MRI
scan perlormed. In wual, 381 fol-
fow-up MRI scans were performed: of
these, 87 scans {(153%) demonsirated
new brain metastases; these 87 “event
scans™ were oblained in 35 patients, Six-
teen pereent of these “event scans™ (14/
87) were associated with neurologic
symptoms al the time of the MRI
cxamination.

A total of 247 metastases veccived ini-
tal treatment with SRS (117 in the
WBRT + SRS group and 130 in the SRS-
alone group). Follow-up MR} was avail-
able for 210 metastases (85%). The ac-
tuarial local twmor control rate ai 12
months was 88.79% (95% Cl, 80.1%-
97.3%) i the WBRT -+ SRS growp and
72.5% (95% Cl. 60.3%-84.7%) in the
SRS-alone group (P=.002) (FiGURE 3).
The hisiopathelogical type (adenocar-
cinoma vs others) was not shown o
be a significant factor (P=.90). The
multivariate analysis also showed
significantly better tumor conwal
by WBRT -+ SRS treatment (hazard ra-
tio, 4.83;95% CI, 2.00-11.63; P<001).

Salvage treaumnent for progression of
brain tumor was required signifi-
canily more lrequently in patients re-
ceiving SRS alone (29 patients) than in
the WBRT + SRS aroup (10 patients)
{x*=12.33; P<.001). Salvage WBRT
was applied in 11 patients in the SRS-
alone group but was not used in any pa-
tients in the WBRT + SRS group. Sal-
vage SRS was used in 19 paticnus in the
SRS-alone group and in 9 patients in the
WRHRT + SRS group.

Systemic and Neurologic
Functional Preservation
Sysiemic lunctonal preservation rates

(KPS score 270} at 12 months were
33.9% (95% C1, 22.2%-45.4%) in the
WBRT -+ SRS group and 26.9% (93%
Cl, 16.3%-37.5%) in the SRS-alone
group (P=.53). The decrease in the KIS

©2006 American Medical Association. All rights reserved.

score to below 70 was attributed (o neu-
rologic causcs in 17 patients (29%) in
the WBRT -+ SRS group and 14 (22%)
in the SRS-alone group.

The actuarial rvates of neurologic
preservation al 12 months were 72.1%
{93% Cl1, 58.8%-85.4%) wilh
WBRT + SRS and 70.3% (93% Cl,
53.6%-85.0%) with SRS alone (P=.99)
when neurologic preservation was
defined as a lack of any worsening of
the neurologic grade on lollow-up
examination, compared with the pre-
treatment grade. by wotal, 85 patienis
(38 in the WBRT + SRS group and 47
in the SRS-alone group) did not
have neuwrologic symptoms when
brain metastases were diagnosced
{grade M. Among the 47 patients who
had a pretrcatment grade of 10 3. an
suprovement in nearelogic status was
observed at feast once in 9 patienis
and 10 paticnts in the respective
groups (x*=1.32; P=.24). Deteriora-
tion ol neurologic function was
observed in 43 patients, including 7
wha tnitially expericaced improve-
ment aflter treatment (22 in the
WBRT -+ SRS group and 21 in the SRS-
alone group: x’'=0.09; P=.73). This
deterioration was attributed to either
original or distant brain metastases in
13 patients {(39%) in the WBRT + SRS
group and 18 patients (86%) in the
SRS-alone group (x*=3.78: P=.05).

Figure 3. Local Tumor Conlrol

Late neurologic radiation wxic effeais
were the cause of detervioration in 4
and 2 patienrs in each group, respec-
tively. Either meningeal dissemination
or spinal cord metastases induced
ncuralogic deterioration in 5 and |
patient in cach group, respectively.
Neurocognitive function was option-
ally assessed using (he Mini-Mental
State Examination (MMSE). Among the
44 paticnts (25 in the WBRT -+ SRS
group and 19 in the SRS-alone group)
who lived 12 months or longer, MMSE
data wercavailable in 28 paticnis at least
once {16in the WBRT + SRS group and
12 in the SRS-alone group) ad the me-
dian lollow-up times of 30.5 months
(range, 13.7-58.7 months) with
WEBRT - SRS and 20.7 months (vange.
13.3-33.8 months) with SRS alone. The
median MMSE pretreatment score was
28.0 (range, 23-30) in the WBRT + SRS

Table 6. Multivariate Analysis of
Development of New Metastases at Distant
Brain Sites

Hazard Ratio P
(95% Cl) Value

0.32 {0.18-0.5% -.001

1.690.97-2.93) .06

206{1.17-3.64) 0t
55 {active)

10

Progoriion of Lesions With
L.ocal Turmor Contrat

No. o1 esions at Risk
WBRT+SRS 26
SRS Alone

St 33 20
134 55 23 7

24

Log-Rank P= (02

30 36 42 43 56 50
Manths

i8 14 8 7 3 3
2 2 2 1 1 <]

There vsas a slatislically significanl increase in lacat tumar control in patients receiving whole-brain radiation
therapy (WBRY) plus stereotactic radiosurgery (SRS) (P=.002).

(Reprinted) JAMA, Juie 7, 2008—-\ol 293, No 2

2489

Downloaded from wwwv jama.com at KITASATO UNIVERSITY, on June 28, 2006

753



:“}'I'l'iREOT;\C'!’K’_I RADIOSURGERY PLUS UP-FRONT WHOLE-BRAIN RADIATION THERAPY

group and 27.0 (range, 23-30) in the
SRS-alone group. The median score at
the {final [ollow-up was 27.0 (range, 21-
30) in the WBRT -+ SRS group and 28.0
(vange, 18-30) in the SRS-alonce group.

COMMENT

Sterecotactic radiosurgery is a wmethoed
ol defivering high doses of focal radia-
tion to a tumor while minimizing ira-
diation of the adjacent normal ssue.
This approach was originally devel-
oped by the Swedish newrosurgeon Lars
Leksell as a substitute for direet surgi-
cal intervention.”? Stereotactic radio-
surgery is now available worldwide, and
itis increasingly used to treat brain me-
tastases because it s less invasive com-
pared with direct surgical interven-
tion, although a divect randomized
comparison of the 2 modes has not been
performed to date.

Whole-brain vadiation therapy has
heen astandard weatment for brain me-
tastases lor scveral decades o5 In
more recent years, the importance of fo-
cal aggressive therapy combined with
WBRT has been increasingly recog-
nized. M Andrews etal recenty re-
ported the resalis from RTOG 9508, a
multi-institutional phase 3 irial of 333
paticnts with 1 to 3 brain melastascs
who received WBRT with or withowt
SRS boosi. A statistically signilicant im-
provement in median survival with the
addition ol SRS was scen in patienis
with a single brain mewstasis.

To reduce the risk of late radiation
effects, ™ WBRT is increasingly being
omitted (rom the initial management
strategy.® " There is not yeu a general
consensus regarding the risks and ben-
efits of omitting up-front WBRT. One
study showed a trend toward im-
proved survival among patients who re-
ccived SRS alone,'* whereas anather
study showed a trend toward worse
survival among patienis who received
SRS alone. ™ A retrospective multi-
instisutional review of SRS alone vs SRS
with WBRT in 569 patents [ailed 10
shaw any difference in survival be-
tween the 2 groups.” In a single-
institution prosgpeciive randomized trial
comparing WBRT with obscrvation in

2490 JAMA. ]
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patients who underwent conventional
swrgery,” a large increase in inlracra-
aial velapse and a concomitant in-
crease in death due to neurologic causes
were identified in the non-WBRT
group; however, no survival ditfer-
cnce was identified in that study. Tn the
present study, no significant survival
difference was observed bhetween the
groups recetving WBRT + SRS and SRS
alone, although the number of pa-
tients was not large enough to allow de-
eetion of any differences that were
smaller than we had assumed. 1n addi-
tion, na significant differcuce in the fre-
quency ol death due 1o neurologic
causes was observed. Moreover, these
results were obtained in spite of the
rather large increase in intracranial fail-
ure when WEBRT was omitied. A fur-
ther observation of note from the
present trial was the significant in-
crease in local failure with SRS alonc.
even though the radiation dose in these
paticnts was considerably higher than
that administered o patients veceiv-
ing WBRT + SRS. We haveadapted the
30% reduced dose of SRS in the
WBRT -+ SRS group. which could have
lowered local control of the brain me-
tastasis in the WBRT 4+ SRS group.
However, we have observed opposite
resudts in this study; the local control
rate was significanuly higher in the
WBRT + SRS group than in the SRS-
alone group. This observation lends
merit to the vadue of fractionation.
which might help overcome some ra-
diation resistance mechanisis, such as
hypoxia.

Also of concern in this context is that
higher brain recurrence rates are asso-
ciated with neurologic deterioration.”
Ina previous randomized siudy of sur-
gery with or without WBRT. the time
o neurologic deterioration was dra-
matically longer in the WBRT group.
although no difference in functional
independence was vhserved. in the cur-
rent study, no signilicant difference in
the preservaton ol neurologic lune-
tiom was observed. However, the present
study might have less ability 10 detect
stall differences, and the presentassess-
ment of neurologic function was not

conducted with sophisticated mea-
sures that might have detected dilfer-
ences hetween patient groups.

Although surgery and SRS are both
focal weatments, SRS is less invasive and
may he repeated more often than sur-
gical intervention.” The optital tim-
ing of these interventons is an issuc that
remains open for dehate. Qur results
suggest that the carly detection of a
brain recurrence and early salvage brain
treatment inay prevent neurelogic de-
terioration and neurologic death, even
when WBRT is notincluded in the ini-
tal reatment. Mowever. study partici-
pants more lrequently undergo physi-
cal and radiological examinations than
do patients in the community. Given
that the majority of new brain metas-
wases were initially detected i asymp-
tomatic patients, studices assessing the
henelits of scheduled imaging should
be conductad in the lutwe.

In conclusion, our lindings demon-
strated that SRS alone without up-
front WBRT was associated with in-
creased brain tumor recurrence:
however, it did not resultin either wors-
encd neuvologic function or increased
risk ol neurologic death. With respect
W patient survival, the control ol sys-
temic cancer might outweigh the fre-
gquent recwrrence of brain tuwmors,
Therelore, SRS alone could be a treat-
ment option, provided that frequent
monitoring of brais tumor status is con-
ducted.
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The only tuc hope Tor civilizadon—ihe conviction
of the individual that his inner life can affec out-
ward events and (hat, whether or not he does sa, he
is responsible for them.
—Siephen Spender (1909-1993)

©2006 American Medical Association. Al rights vescrved.

(Reprinted) IAMA, hu

T 2006 =-Vol 295 N 2

2491

Downloaded from www jama.com at KITASATO UNIVERSITY, on June 28, 2006

755



