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FL118, a novel survivin inhibitor, wins the battle against
drug-resistant and metastatic lung cancers through
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Abstract: Failure of cancer treatment caused by drug resistance and metastasis is mainly due to existence of cancer
stem cells (CSCs). Therefore, targeting CSCs to overcome cancers is a challenging issue in clinic. In this report, in
view of the important role of survivin in tumor growth and CSCs maintaining, we aimed to confirm that FL118, as a
novel survivin inhibitor, may effectively inhibit lung cancer stem cells. We showed that lung cancer stem cells have
the obviously higher expression of survivin than their parental cells. After treated with FL118, the survivin level in
CSCs was suppressed. Consistently, lung cancer stem cells displayed significantly growth inhibition over time. Here,
we compared the antitumor efficacy between FL118 and cisplatin. The data revealed that CSCs are more sensitive
to FL118 than cisplatin. To further demonstrate the inhibitory effect of FL118 on CSCs, we found that FL118 down-
regulated the expression of CSCs markers (ABCG2, ALDH1A1, Oct4) and drug resistant proteins (P-gp, ERCC1),
suggesting that FL118 may change CSCs phenotype and improve drug-sensitivity of tumor cells. Moreover, FL118
effectively decreased the invasive ability of CSCs. These findings expand the uniqueness of FL118 as an attractive
therapeutic option for cancers with drug-resistant or metastatic potential.

Keywords: FL118, cancer stem cells, drug resistance, metastasis, antitumor activity, survivin

Introduction that regulate lung CSCs maintenance and prolif-
eration could contribute to the design of
Non-small cell lung cancer (NSCLC) accounts improved approaches to lung cancer treat-
for approximately 85% of total lung cancer, ment.

which is a leading cause of cancer-related
deaths worldwide, and its survival rate still
remains low [1]. The poor prognosis of NSCLC
patients is mainly due to the traits of tumor
cells including directed spreading, metastasis,
recurrence and chemoresistance. The emerg-
ing evidence suggests that cancer stem cells
(CSCs) play important role in the above biologi-
cal behavior of tumor [2]. The CSCs are cells
within a tumor that possess the capacity to
self-renew and differentiate into the heteroge-
neous line ages of cancer cells that comprise

Accumulated studies have revealed that anti-
apoptotic protein, survivin, a unique member in
the inhibitor of apoptosis (IAP) family, may act
as a functional molecule in CSCs biology [5-7].
It is all known that cancer cells with stem cell-
like properties possess three characteristics:
increased IAP expression, activated mitotic
checkpoint proteins, and elevate expression of
cell cycle control proteins [8]. Similarly, survivin
possesses all three characteristics [9, 10].
Moreover, it's found that only a small subset of
cancer cells express survivin, and its expres-

the whole tumor [3]. Accordingly, it has been
suggested that targeting CSCs could provide a
new therapeutic strategy in cancer [4]. Thus, A
better understanding of the signaling pathways

sion overlapped with several universal CSCs
markers [8]. Therefore, development of novel
survivin inhibitors may overcome the challeng-
ing issues of CSCs.
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Dr. Fengzhi Li and his team (Roswell Park
Cancer Institute-RPCI, Buffalo, New York) has
reported on a novel camptothecin derivative,
designated FL118 [7, 11]. More recent studies
have further showed that FL118 shows strong
anticancer activity in human colon and head-
and-neck tumors in vitro and in vivo [12-14].
Although FL118 is not a better Topl inhibitor
than clinically used camptothecin analogues
(such as irinotecan or topotecan), FL118 is able
to selectively inhibit the expression of several
members of the inhibitor of apoptosis family
(survivin, XIAP, and clAP2) and the Bcl-2 family
(Mcl-1) [7, 15]. Moreover, FL118 is effective for
human tumors that acquire irinotecan and
topotecan resistance due to its ability to bypass
the drug resistance induced by multiple ABC
transporter efflux protein [13, 14]. Based on
the previous studies and the properties of
FL118 using survivin as a target, we hypothe-
size that FL118 could effectively inhibit wider
ranges of malignant tumors through targeting
CSCs.

In the present study, we analyzed the suppres-
sive effect of FL118 on human NSCLC derived
CSCs. On the one side, we found that FL118
can not only change the status of CSCs pheno-
type, but also effectively lower the growth rates
of CSCs in comparison with cisplatin. On the
other side, FL118 dramatically downregulated
expression of resistance relative proteins, and
inhibited invasive abilities of CSCs. Taken
together, these observations expanded our
knowledgement of the antitumor efficacy of
FL118 as an attractive therapeutic option for
NSCLC patients.

Materials and methods
Cell lines and cell culture

The human lung cancer cell line, A549 and
H460 cells were cultured in RPMI 1640 medi-
um with 10% fetal bovine serum (FBS) and 1%
penicillin-streptomycin (HyClone SV30010) at
37°C under humidified atmosphere with 5%
CO,,.
Mammosphere formation assay

Stem/progenitor cells are enriched in mammo-
spheres of cancer cells. Mammosphere forma-
tion assay is based on the unique ability of
stem/progenitor cells to grow and form spheres
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in serum-free medium. Mammosphere culture
was doneinaserum-free DMEM/F12 (Invitrogen)
supplemented with B27 (Invitrogen), 20 ng/ml
EGF (Invitrogen), 20 ng/ml basic fibroblast
growth factor (bFGF) (Invitrogen), 5 g/ml insulin
and 1% penicillin-streptomycin. Single cells pre-
pared from mechanical and enzymatic dissoci-
ation were plated in 12-well ultra low attach-
ment plates (Corning) at a density of 1000
cells/ml in culture. Single cell status was con-
firmed under microscope. Fresh mammosphere
culture was added every 3-4 days. After 7 days
of culture, the number of spheres (>20 ym) was
counted using phase-contrast microscopy.
Experiments were performed in triplicate.

Cell growth/viability assay

The CCK-8 assay was used to measure cell
growth/viability. A549 and H460 cells and their
stem cells (5 x 103/well) were seeded into
96-well plates, cultured for 24 h, and treated
with FL118 at final concentrations of O, 1, 10,
100, and 300 nM and 2 ug/mil cisplatin. After
cultured for 24 h, 48 h and 72 h, CCK-8 was
added to each well and cells were incubated at
37°Cfor 4 h. Then absorbance of each well was
measured at 450 nm. The results were repre-
sented with the average of three parallel sam-
ples. The percentage of cell survival was calcu-
lated using the following formula: Cell survival
rate (%) = (the absorbance of the drug group -
absorbance of the control group)/(the absor-
bance of the control group - absorbance of the
blank control group) x 100%.

Transwell-matrigel invasion assay

The invasiveness of cells was evaluated by a
Boyden chamber assay. The polycarbonate fil-
ters (8 ym poresize, Corning) were precoated
with Matrigel Matrix (Corning Incorporated,
New York, USA). The A549 and H460 stem cells
were prepared from mechanical and enzymatic
dissociation and single cells were plated at a
density of 1 x 105 cells/well in the upper cham-
ber and treated with FL118 (10 nM) in 200 pl
mammosphere culture medium, while 650 ul
DMEM/F12 medium with 15% fetal bovine
serum was added to the lower chamber. After
incubation for 48 h, the bottom of the inserts
were fixed in methanol for 20 min, stained with
0.1% crystal violet and counted under phase
contrast microscope (five fields perchamber
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were collected). Experiments were performed
in triplicate.

Western blot analysis

The cells were washed twice in ice-cold PBS
and lysed in 200 yl Radio Immuno precipitation
Assaylysis buffer (RIPA) with protease inhibitors
Phenyl methane sulfonyl fluoride (PMSF). A BCA
Protein Kit (Beyotime Biotechnology, Shanghai,
China) were used to quantify the protein con-
centrations. Equal amounts of protein sample
was loaded per well and separated by 10-12%
SDS-PAGE gels, and then electrophoretically
transferred onto polyvinyl diflouride (PVDF)
membranes (Millipore, Billerica, MA, USA).
Following blocking with 5% skim milk in TBST
for 2 h at room temperature, membranes were
incubated with anti-survivin (1:500) (Santa
Cruz Biotechnology, USA), anti-ABCG2 (1:1000),
anti-ALDH1 (1:2000), anti-ERCC1 (1:1000),
anti-P-gp (1:1000) (ABCAM, Cambridge, MA,
USA) antibodies at 4°C overnight, washed three
times with TBST and incubated with the appro-
priate HRP-conjugated secondary antibodies
for 2 h at room temperature. The protein bands
were detected by eECL western blot kit (CWBIO,
China) and visualized by autoradiography on
X-Ray films (CWBIO, China). And protein levels
were normalized to GAPDH (1:2000, Santa Cruz
Biotechnology, USA).

Quantitative real time-PCR

Total RNA was extracted from cells with Trizol
(CWBIO, China). RNA concentration and purity
were determined by A260/A280 ratios. Then
total RNA (1 ug) was reverse-transcribed into
cDNA using FASTQuant RT Kit (TIANscript,
Beijing, China) following the manufacturer’s
instructions.

For quantitative assessment, real-time PCR
was performed using a CFX96 Touch™ Deep
Well Real-Time PCR Detection System (BIO-
RAD, California, USA). The primers used in each
reaction were as follows: survivin F: 5-
ATACCAGCACTTTGGGAGG-3’, R: 5-AGAAAGG-
AAAGCGCAACC-3’; ERCCA1F: 5-TGGCGACGTA-
ATTCCCGACTA-3’, R: 5-ACAAGCAGGACCCGCAA-
GG-3’; MDR1F: 5-TTGTTTGCCACCACGATA-3’, R:
5-TGCTTCTGCCCACCACTC-3’; ABCG2F: 5-GTT-
GTGATGGGCACTCTG-3’, R: 5-CCTGTTAATCCG-
TTCGTT-3’; ALDHAF: 5-GGCAGCCATTTCTTCTCA
-3’, R: 5-TGTCCAAGTCGGCATCAG-3’; B-actin F:
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5-AAGAGAGGCATCCTGACCCT-3’, R: 5’-TACATG-
GCTGGGGTGTTGAA-3'. Following normalization
to B-actin gene, expression levels for target
genes were calculated using the comparative
threshold cycle (CT) method. The ACT values
were calculated according to the formula ACT =
CT (gene of interest) - CT (GAPDH) in correlation
analysis, and the 22°T was calculated accord-
ing to the formula AACT = ACT (experimental
group) - ACT (control group) for determination of
relative. Data was presented as the mean *
standard deviation (S.D.) from three indepen-
dent experiments.

Annexin V/propidium lodide (Pl) double stain-
ing and analysis of cell apoptosis by flow
cytometry (FCM)

The mammospheres of cancer cells were resus-
pended into single cell suspension and plated
uniformly at a density of 2 x 10° cells/ml into
25-cm? cell cultured flasks (5 ml/flask) with
mammosphere culture medium. After cultured
under the normal conditions for 24 h, the stem
cells were treatment with O nM and 10 nM
FL118. Following incubation for 24 and 48 h,
cells were digested with 0.25% trypsin, dis-
persed into suspension by gentle pipetting, and
centrifuged for 5 min at 400 g to collect the
cells. Then the cells were washed twice with
PBS, and resuspended in 400 pl 1 x Annexin-
binding buffer up to 1 x 10° cells/ml.
Subsequently, 5 yl Annexin V-FITC was added
to each tube. After 15 min incubation in the
dark at room temperature, 10 pl Pl was mixed
and incubated in the dark at 4°C for another 5
min. The resultant samples were immediately
analyzed by flow cytometry. In all cases, fluores-
cence parameters were gated using unstained
control cells and 10,000 cells were counted for
each sample. Changes in the cell apoptosis
were examined by FCM (BD FACSCalibur,
Becton Dickinson UK Ltd., Oxford, UK). Each
assay was repeated in three independent
experiments.

Statistical analysis

Assay results were the average from at least 3
replicates in each of three independent experi-
ments. All experimental data were shown as
the mean + SD. Differences between samples
were analyzed using the Student’s t test. A
P-value of <0.05 was considered statistically
significant.
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Figure 1. FL118 changes the phenotypic expression of CSCs derived from A549 and H460. A: Mammosphere form-
ing ability of A549 and H460 cells. *P<0.05. B: Quantitative RT-PCR was used to quantify ALDH1A1, ABCG2 and
Oct-4 mRNA expression in A549 and H460 derived stem cells. *P<0.05, **P<0.01. C: The expression of ALDH1A1
and ABCG2 of A549 and H460 derived stem cells was examined by western blotting. GAPDH servers as the control.
After treated with FL118 at 10 nM and 100 nM, the level of ALDH1A1 and ABCG2 was downregulated over time. AS:

A549 derived stem cells. HS: H460 derived stem cells.

Results

FL118 significantly decreases the phenotypic
expression of cancer stem cells

To investigate whether cells with mammo-
sphere culture could exhibit cancer stem cell
traits, we firstly tested mammosphere forming
ability of AB49 and H460 cells. As shown in
Figure 1A, we found that A549 and H460 cells
both possess the ability to form mammo-
spheres. Interestingly, the number of mammo-
spheres of H460 cells increased about 3-fold
compared to A549 cells, implying that H460
might be prone to exhibit features suggestive to
CSCs. Next, we examined expression of CSC
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phenotypic markers. As determined by real
time RT-PCR analysis, ALDH1A1, Oct-4 and
ABCG2 mRNA level in two kinds of mammo-
sphere cells were increased compared with
their parental cells (P<0.05, Figure 1B).
Furthermore, western blotting analysis also
showed the same results that the expression
levels of CSC markers were obviously higher in
mammosphere cells (Figure 1C).

To assess the inhibitory effect of FL118 on
CSCs, we performed western blotting to exam-
ine the changes of CSC phenotypic markers.
After treating with FL118, the expression of
ABCG2 and ALDH1A1 were both significantly
decreased, demonstrating that FL118 may
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effectively change the status of cancer stem
cell-like properties (Figure 1C).

FL118 dramatically suppresses expression of
resistance-associated proteins in CSCs

Emerging evidences has indicated the correla-
tion between chemoresistance and CSCs. The
mechanisms causing drug resistance in CSCs
might be partly explained through the overex-
pression of drug transporters [2]. Accordingly,
to confirm whether FL118 may overcome che-
moresistant tumor cells, we detected the
expression of resistance-associated prote-
ins (ERCC1, ABCG2 and P-gp) in the A549
and H460 derived stem cells. As expected,
FL118 resulted in a significant decrease of
ERCC1, ABCG2, P-gpprotein (Figures 1C, 2A).
However, compared with their corresponding
parental cells, the expression of ERCC1 and
P-gp mRNA in CSCs was not obviously altered
following FL118 treatment (data not shown),
except that ABCG2 mRNA was significantly
decreased (Figure 2B). These data suggested
that FL118 tend to eliminate the chemoresis-
tant tumor cells through downregulating resis-
tance-associated proteins, however, FL118
downstream targets might play distinct mecha-
nistic role in FL118-mediated chemoresistance
inhibition.
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H460 derived stem cells,
there is a higher expres-
sion of survivin relative to
A549 derived stem cells
(Figure 3A). Consistent with the previous obser-
vations, after treating with FL118 for 48 h, sur-
vivin mRNA and protein were both down-regu-
lated in the CSCs (Figure 3A and 3B).
Meanwhile, the cells viability was significantly
inhibited in a time and concentration depen-
dent manner (Figure 3C). Satisfyingly, FL118,
even at a 1 nM level, showed significantly inhi-
bition effect on H460 derived stem cells and its
parent cells. While for the A549 stem cells,
FL118 significantly inhibits cell viability at the
concentrations of 100-300 nM, suggesting
that H460 stem cells with higher survivin
expression are more sensitive to FL118 than
A549 derived stem cells. On the other hand, we
found that FL118 showed an superior inhibitory
effect on NSCLC stem cells at concentrations
of 100-300 nM compared with cisplatin. These
results indicate that CSCs are more sensitive to
FL118 than cisplatin, and the higher the sur-
vivin in CSCs expresses, the better FL118-
mediated cell growth inhibition shows.

FL118 induces apoptosis of cancer stem cells

Since survivin plays an important role in induc-
ing apoptosis and FL118 selectively inhibits the
expression of survivin, we further evaluated a
definitive role for FL118 sensitivity in CSCs
using Annexin V/PI staining and flow cytometry

Am J Transl Res 2017;9(8):3676-3686
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Figure 3. FL118 inhibits the growth of CSCs derived from A549 and H460. A: The expression of survivin of A549 and
H460 derived stem cells was examined by western blotting. GAPDH servers as the control. After treated with FL118
at 10 nM and 100 nM, the level of survivin was downregulated over time. B: Quantitative RT-PCR was used to quan-
tify survivin mRNA expression in A549 and H460 derived stem cells after treated with FL118 for 48 h. *P<0.05. C:
The cell viability was detected by CCK-8 assay. In comparison with cisplatin, FL118 shows greater inhibitory effect
on A549 and H460 derived stem cells, #P<0.05. The A549 and H460 derived stem cells were more sensitive to
FL118 than their parental cells, *P<0.05. AS: A549 derived stem cells. HS: H460 derived stem cells.
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Figure 4. FL118 effectively increases the apoptotic rate of CSCs derived from A549 and H460. A: A representative
flow cytometry result gated with PI (Y axis) and Annexin V (X axis). B: Quantitative data from A from three independent
measures in parallel. After treating with FL118 for 24 h and 48 h, FL118 enhanced the CSCs apoptosis, *P<0.05.

experiments. When the CSCs were treated with FL118 reduces the invasive capability of can-
FL118 for 24 h and 48 h at 10 nM, a represen- cer stem cells

tative result was shown in Figure 4A, and the

statistical analysis of these data was shown in In view of the potential role of CSC in metasta-
Figure 4B. Our data demonstrated that the sis of tumor, we sought to determine whether
apoptotic rates of A549 and H460 derived FL118 may regulate migratory and invasive
stem cells decreased significantly following capability. As shown in Figure 5A, transwell
FL118 treatment. As the duration of the FL118 invasion assay revealed A549 and H460 stem
treatment increased, the apoptotic rates of cells had an obviously enhanced migratory and
cancer cells reduced significantly (P<0.05). invasive capacity. However, after treating with
This inhibitory effect induced by enhancement FL118 at 10 nM for 48 h, there was a signifi-
of apoptosis is in accordance with FL118- cant decrease in the number of invasive cells
mediated cell growth inhibition detected by (Figure 5B, P<0.05). The above discoveries
CCK-8 assay. demonstrated FL118 effectively suppressed
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Figure 5. FL118 obviously decreases the invasive potential of CSCs de-
rived from A549 and H460. A: A549 and H460 derived stem cells that had
spread through the matrixgel and adhered onto the lower chamber of the
filter were fixed and stained. B: The number of invasive cells. Data repre-
sent the average of three independent experiments. Following FL118 treat-
ment, the number of invasive cells decrease significantly, **P<0.01. AS:
A549 derived stem cells. HS: H460 derived stem cells.

the migratory and invasive capabilities of
NSCLC stem cells.

Discussion

CSCs are a rare set of undifferentiated cells
that play critical roles in the cancer initiation,
development and recurrence as well as cancer
therapeutic failures [15-18]. CSCs have now
been identified in many human cancers, includ-
ing breast, brain, lung cancers and so on.
Moreover, they are confirmed as cells that form
cell spheres in vitro [19-21]. It has been report-
ed that the tumor aggressiveness and poor
prognosis is mainly caused by intrinsic resis-
tance to radiation and chemotherapy of CSCs
[22]. Furthermore, the discovery of a CSC popu-
lation that undergoes an epithelial-tomesen-
chymaltransition (EMT) demonstrates the role
of CSCs in the driver of metastasis [23, 24]. It's
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FL118 treatment

recognized in clinic that the
current treatment strategies
may affect the bulk of the
tumor cells, leaving therapy-
resistant CSCs which contrib-
ute to disease recurrence and
metastasis. Accordingly, the
development of a CSC-targeted
therapy may result in the com-
plete elimination of tumors.

In this study, we found that
FL118 could effectively sup-
press the proliferation, chemo-
resistance and invasiveness of
NSCLC derived CSCs, suggest-
ing that FL118 has superior
antitumor efficacy. The chemi-
cal name of FL118 is 10,11-
methylenedioxy-20(S)-campto-
thecin, a novel camptothecin
derivative. However, unlike the
clinically used camptothecin
analogues regarded as the bet-
ter Topl inhibitors, FL118 has
been showed outstanding anti-
tumor effect because it is able
to selectively inhibit the expres-
sion of survivin, XIAP, clAP2
and Mcl-1 [7, 15]. Especially for
tumor cells with the higher
expression of survivin, FL118
shows stronger selective inhi-
bition in a various of tumors. It
has been reported that sur-
vivin is a critical inherent and induced drug/
radiation resistance factor for various cancer
types during treatment [8, 25, 26] and a role for
survivin in CSCs is independently revealed by
computer analysis of the death-from-cancer
signature genes. Thus, in view of the correla-
tion between the expression of suvivin and
CSCs characteristic, FL118, as a novel survivin
inhibitors, may win the battle against drug
resistant and metastatic cancers through tar-
geting CSCs.

Consistent with FL118’s initial discovery, our
data demonstrated a role for FL118 in sup-
press the growth of NSCLC derived CSCs along
with higher expression of survivin (shown by
Figure 3). This conclusion was further con-
firmed by using Annexin V/PI staining and flow
cytometry analysis, showing that FL118 signifi-
cantly increased the number of apoptotic CSCs

Am J Transl Res 2017;9(8):3676-3686
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through inhibiting survivin (shown by Figure 4).
Additionally, we found that CSCs displayed
more sensitivity to FL118 than cisplatin, one
kind of traditional chemotherapeutics. Inter-
estingly, similar with this results, our another
study has confirmed that FL118 has greater
effect on cisplatin-resistant NSCLC cells than
its parental cell [27]. All these results implied
that FL118 shows improved efficacy in treating
NSCLC in comparison with cisplatin.

To further confirm FL118'’s antitumor effect on
CSCs, we detected the expression of pluripo-
tent stem cell markers and resistance-associ-
ated proteins, as well as invasive capability of
CSCs. As expected, after 48 h with FL118,
expression of ABCG2 gene and protein in A549
and H460 derived stem cells, which is an
important member of the ATP-bingding cassett
(ABC) transporter family and considered as a
major cancer stem cell marker, functional mol-
ecule and drug resistant factor [28], was signifi-
cantly down-regulated with time (shown by
Figure 1). Moreover, aldehyde dehydrogenase
1 family, member A1, also known as ALDH1A1,
which has been identified as lung cancer stem
cells, was also suppressed. These results indi-
cate that FL118 can convert CSCs to nonstem
cancer cells, meaning the loss of their stem cell
characteristics, which further underscore the
potential benefit of FL118 to increase thera-
peutic effectiveness in NSCLC.

It's all known that the mechanisms causing
drug resistance in CSCs might be partly
explained through the overexpression of drug
transporters. For example, the drug efflux pump
proteins (including ABCG2, P-gp/MDR1/ABCB1,
ABCD1, etc.) always expressed highly in CSCs.
It hasreported that breast CSCs show enhanced
efficacy of chemotherapy by simultaneous sup-
pression of multidrug resistance and antiapop-
totic cellular defense [29]. ABCB1 transporter
expressing subpopulation of differentiated
cells protected the CSCs against irinotecan.
The present findings also displayed that ABCG2,
P-gp and ERCC1 (cisplatin-resistent marker) in
A549 and H460 derived CSCs were all
expressed higher than their parental cells. After
treating with FL118, the dramatic result occurs.
The previous study confirmed that FL118 is not
a substrate of the efflux pump ABCG2 and P-gp
[13, 14]. While our study showed that ABCG2,
P-gp and ERCC1 were all clearly suppressed by
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FL118 (shown by Figures 1 and 2), further
explaining the uniqueness of FL118 in mecha-
nism of action to overcome drug resistance.

Equally important, we also found decreased
invasion capacity of A549 and H460 derived
CSCs after treated with FL118 for 48 h (shown
by Figure 5), suggesting FL118 may has more
potential protein targets to exert inhibitory
effect on movement ability. It has been cog-
nized that migration and invasion were associa-
tion with features consistent with EMT, further-
more, EMT and stemness have a close causal
relationship [23, 30]. Our other studies showed
FL118 decrease the expression of B-catenin
and TGF-B1 (major regulatory factors of EMT) in
liver cancer cells and lung cells (data not
shown), and also displayed FL118 may reverse
the immunophenotype of EMT in A549/DDP
cells [31]. Taken together, these findings indi-
cate FL118 may effectively overcome meta-
static tumor.

In conclusion, the present study demonstrated
that FL118 not only effectively inhibits the
growth of NSCLC derived CSCs through down
regulation of suvivin, but also significantly sh-
ows decreased invasion capacity and recover
of drug sensitivity through suppressing resis-
tance-associated proteins and immunopheno-
type of CSCs. Hence, this study warrants FL118
further development toward clinical application
when treating NSCLC patients.
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