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Introduction

The ability of the surgeon to accurately visualize
tumor margins and identify metastases is necessary
for the success of cancer surgery. Fluorescence
optical imaging, because of its high sensitivity, low
cost, portability, and real-time capabilities, has great
potential to improve surgical outcomes.

Fluorescence technology have already been
used clinically. Frangioni et al. carried out the
first-in-human clinical trial of fluorescent imag-
ing in breast cancer sentinel lymph node map-
ping using indocyanine green (ICG) as a
near-infrared (NIR) fluorescent lymphatic tracer
[1]. Van Dam et al. used folate conjugated to fluo-
rescein isothiocyanate for targeting folate recep-
tor alpha (FR-a) in patients with ovarian tumors
[2]. Fluorescence was detectable intraoperatively
in all patients with a malignant tumor.
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In preclinical studies, Tsien et al. used activat-
able cell-penetrating peptides (ACPPs), in which
the fluorescently-labeled, polycationic cell-
penetrating peptide (CPP) is coupled via a cleav-
able linker to a neutralizing peptide. Upon exposure
to tumor proteases surgery, the linker is cleaved,
dissociating the inhibitory peptide and allowing the
CPP to bind to and enter tumor cells [3]. Kishimoto
et al. selectively labeled tumors with a genetic
reporter, GFP, using a telomerase-dependent ade-
novirus genetic OBP-401 [4]. They demonstrated
that tumors recurred after fluorescence-guided sur-
gery and maintained GFP expression [5]. Therefore,
the detection of recurrence and future metastasis is
possible with OBP-401 GFP labeling, since recur-
rent cancer cells stably express GFP, which is not
possible with nongenetic labeling of tumors.

Negative tumor margins are especially neces-
sary for curative pancreatic cancer surgery, For
colorectal cancers the high mortality of this dis-
ease in the United States correlates with a high
cancer incidence [6]. Colon cancer patients more
often present with resectable disease [7] and have
more surgical options than patients with pancre-
atic cancer [8, 9]. There is a clear advantage to
compete resection of all primary and metastatic
cancer at the time of surgery of colon cancer
when clinically appropriate [10, 11].

Monoclonal antibodies specific for either
CA19-9 or CEA were conjugated to a green fluoro-
phores delivered to pancreatic or colon cancer-
bearing mice as a single intravenous dose [12—18].
Using fluorescence imaging, the primary pancreatic
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or colon tumor was clearly visible at laparotomy as
were small metastases in other organs.

The present chapter reviews the potential of
using chimeric mouse-human antibodies conju-
gated with appropriate fluorophores for
fluorescence-guided surgery (FGS) of metastatic
pancreatic and colon cancer in orthotopic nude
mouse models. The possibility of this technology
to change the paradigm for surgical oncology is
also discussed.

Carcinoembryonic Antigen

Carcinoembryonic antigen (CEA) was first
described following immunization of xenogenic
animals with human tumor tissue [19]. Human
tissue specimens were positive for CEA expres-
sion from multiple cancers arising from
endodermally-derived epithelium of the digestive
tract [20] as well as in the human embryonic gut,
pancreas, and liver tissue [21]. Although initially
identified in adenocarcinoma of the colon [20],
CEA is often also expressed in pancreatic ductal
adenocarcinoma [22, 23].

CEA is considered is an oncofetal antigen,
with expression in normal fetal tissues but only
has a trace presence in normal adult human tissue
[24, 25]. The CEA family is comprises a large
class of complex glycoproteins of the immuno-
globulin gene superfamily [26]. In addition to act-
ing as a marker for human gastrointestinal cancers,
CEA also functions as an intercellular adhesion
molecule and may have some immunoregulatory
function as well [27]. In clinical medicine, CEA is
most commonly utilized as a serum marker in
colorectal and pancreatic cancer for preoperative
staging and follow-up of patient response out-
come after surgery and chemotherapy [28, 29].

In Vitro Expression of CEA
In vitro, 70 % of the pancreatic cancer cell lines

tested were positive for CEA immunostaining in
culture. CEA-positive pancreatic cancer cell lines
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included MiaPaca-2, FG, ASPC-1, BxPC-3,
CFPAC, Panc-1, and Capan-1. The cell lines
tested that did not express CEA included XPA-1,
XPA-3, and XPA-4. Of the human colon cancer
cell lines that were tested in vitro, 67 % expressed
CEA as identified by immunostaining. The CEA-
positive colon cancer cell lines included LOVO,
HCT-116, SW948, and LS174T. The colon can-
cer cell lines that did not express CEA were
HT-29 and SW480. For each cell line tested, the
cells were incubated with Alexa Fluor 488-labeled
anti-CEA or IgG. Positive staining was indicated
by fluorescence intensity above background
staining with conjugated non-specific IgG
(Table 22.1) [12].

Immunofluorescence Staining
of Tissue for Binding with Anti-CEA
Antibody

Screening of normal human tissue samples for
binding to conjugated anti-CEA antibody used
immunofluorescence staining of a human tissue
array. This array contained two samples each of
19 different noncancerous adult human tissues
including: salivary gland, liver, small intestine,
stomach, kidney, skeletal muscle, skin, heart, pla-
centa, breast, cervix, uterus, spleen, lung, brain,
thyroid, pancreas, ovary, and adrenal gland.
Human tumor grown in nude mice from the pan-
creatic cancer cell line ASPC-1 and the primary
human colon cancer tumor Colo4104 were used
as positive controls, and mouse axillary lymph
node tissue was included as a negative control.
Both the ASPC-1 pancreatic tumor and the
Colo4104 colon tumor yielded positive staining
for CEA. In noncancerous tissues the majority of
samples did not demonstrate binding of conju-
gated anti-CEA above the isotype-control IgG
background. A low level of staining above back-
ground was present within the small intestine and
cervix. Notably, the normal colon and pancreas
did not bind conjugated anti-CEA. Table 22.2
denotes the staining for all noncancerous human
lists samples tested [12].
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Table 22.1 CEA expression in vitro and in vivo

Human pancreatic cancer cell lines
In vitro

Mia Paca-2

FG

BxPC-3

CFPAC

Panc-1

TR T R B I R

Capan-1
XPA-1
XPA-3
XPA-4
In vivo
ASPC-1
BxPC-3
CFPAC
Panc-1

MM e M M+

Capan-1
Human colon cancer cell lines
In vitro

LOVO

Table 22.2 CEA expression in adult human tissues

Tissue Staining
Salivary gland -
Liver -
Small intestine +/—
Stomach -
Kidney -
Skeletal muscle -
Skin -
Heart -
Placenta -
Breast -
Cervix +
Uterus -
Spleen -
Lung -
Brain -
Thyroid -
Pancreas -
Ovary -
Adrenal gland -

HCT-116
SW948
LS174T

XM % M+

ASPC-1 tumor?®
Colo4104 tumor®
Mouse axillary LN®

+++
++

HT-29

SW480 X
In vivo + -

LS174T X

Colo4104
Human pancreatic and colon cancer cell lines were tested
for in vitro and in vivo expression of CEA and seven of
ten (70 %) were positive. Four of 6 (67 %) colon cancer
cell were positive. All seven pancreatic cancer cell lines
and one colon cancer cell line tested in vivo positive. In
addition, the primary patient human colon cancer tissue
Col4104, grown in mice, was also positive [11].

Fluorophore-Conjugated Anti-A
Antibody for the Intraoperative
Imaging and FGS of Pancreatic
and Colorectal Cancer

In 2008, our team was the first to evaluate the use
of a fluorophore-labeled anti-CEA monoclonal
antibody to aid in primary and metastatic cancer
visualization and FGS in nude mouse models of
human colorectal and pancreatic cancer [12].
Anti-CEA conjugated with a green fluorophore,

Staining of a tissue array of adult noncancerous human
tissues demonstrated only a small amount of positive
staining over background in cervix and small intestine tis-
sues. In the small intestine, staining was primarily limited
to cells on the mucosal surface. In the cervix, the staining
was primarily on the luminal surface of glandular struc-
tures. The positive controls ASPC-1 and Colo4104 stained
with conjugated anti-CEA both within the cytoplasm and
on the cell membrane [11].

“Positive control

"Negative control

resulted in improved resection. Subcutaneous,
orthotopic primary and metastatic human pancre-
atic and colorectal tumors were readily visual-
ized  with  fluorescence imaging  after
administration of conjugated anti-CEA. The fluo-
rescence signal was detectable 30 min after sys-
temic antibody delivery and was stable for
2 weeks, with minimal in vivo photobleaching
after exposure to standard operating room light-
ing. We demonstrated the principle that
fluorophore-conjugated antibodies enabled suc-
cessful FGS in orthotopic mouse models of pan-
creatic cancer [17].
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Imaging of Subcutaneous Tumors
with Fluorescent Anti-CEA Antibody

The human pancreatic cancer cell lines ASPC-1,
BxPC-3, CFPAC, Panc-1, and Capan-1 were
implanted subcutaneously in nude mice and eval-
uated for CEA expression. One colon cancer cell
line (LS174T) and a primary human colon cancer
patient specimen (Colo4104) , grown in nude
mice, were also implanted subcutaneously. When
the tumors had reached approximately 1-2 mm
diameter, the animals were each given a single
dose of Alexa Fluor 488-conjugated anti-CEA or
IgG iv. All 5 pancreatic cancer cell lines
implanted bound the CEA as did the colon cancer
cell line as well as the patient colon cancer model
demostrated by fluorescence intensity above
background IgG (Table 22.1).

Imaging Orthotopic Tumors
with Fluorescent Anti-CEA Antibody

Tumors implanted orthotopically into the nude
mouse pancreas and colon were evaluated for
imaging using conjugated anti-CEA. The human
pancreatic cancer cell lines ASPC-1 and BxPC-3
were used. For the colon cancer, the patient
tumor Colo4014 was used in a model termed
patient-derived orthotopic xenograft (PDOX®)
[30, 31]. Orthotopic pancreatic or colon tumor-
bearing mice were given a single dose of Alexa
Fluor 488-conjugated anti-CEA or IgG via tail
vein injection 7-10 days after tumor implanta-
tion. The animals were imaged under both
bright field and fluorescence illumination using
the Olympus variable-magnification OV100
Small Animal Imaging System [32]. Intravital
fluorescence imaging revealed very small
ASPC-1 and BxPC-3 tumors which were not
visible under bright-field illumination, even at
higher magnification (Fig. 22.1a—c). With fluo-
rescence imaging it was clear that the extent of
tumor invasion was much greater than that seen
under standard bright light (Fig. 22.1d, e). The
tumors in the colon cancer-bearing animals
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were visible under both bright field and fluores-
cence imaging at the magnification used
(Fig. 22.2a—¢). The animals which received con-
trol conjugated IgG had no green fluorescence
in either their pancreatic (Fig. 22.1a, b) or colon
(Fig. 22.2a, b) tumors [12].

Imaging Intra-abdominal
Disseminated Tumor
with Fluorescent Anti-CEA Antibody

Mouse models of intra-abdominal carcinomato-
sis of pancreatic and colorectal cancer were used
to evaluate fluorophore-conjugated anti-CEA
binding to these tumors in vivo. Animals were
injected i.p. with human pancreatic (BxPC-3) or
colorectal (Colo4104 or LS174T) cancer cells.
After 1 week the mice were given a single 75 pg
injection of Alexa Fluor 488-conjugated anti-
CEA or IgG i.v. The mice were imaged 24 h later
with the Olympus OV 100 using both bright field
and fluorescence illumination. At the time of
imaging, these animals had very small peritoneal
implants on the bowel and mesentery which were
difficult to visualize using bright field imaging
(Figs. 22.3a, b and 22.4a, b) but were very clearly
visible under fluorescence illumination in mice
given conjugated anti-CEA (Figs. 22.3c, d and
22.4c, d). The mice which received IgG had no
visible fluorescence signal in their tumors (data
not shown) [12].

Time-Course Imaging of Pancreatic
Tumors in Nude Mice After Injection
of Fluorescent Anti-CEA Antibody

Time-course imaging of human pancreatic
tumors in nude mice labeled with conjugated
anti-CEA demonstrated rapid binding of the
antibody-fluorophore conjugate in vivo with
very long signal duration. Mice with 1-2 mm
diameter subcutaneous ASPC-1 tumors were
given a single dose of Alexa Fluor 488-conju-
gated anti-CEA i.v. The mice were then imaged
over 15 days after delivery of a single dose of
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Primary Pancreatic Tumor Imaged After Systemic Delivery
of Conjugated anti-CEA or Control Conjugated IgG

IgG

Intravital Imaging
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tumor
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Fig.22.1 Imaging of orthotopic human pancreas tumors
in vivo had greatly improved primary tumor visualization
at laparotomy. After treatment with fluorophore conju-
gated anti-CEA, mice with orthotopically-implanted
BxPC-3 pancreatic tumors were imaged using both bright
field (a—c) and fluorescence (d—f) illumination. Primary
tumors were difficult to clearly distinguish under bright

antibody. Two animals were imaged for each
time point. A small amount of fluorescence sig-
nal could be seen at 30 min post-antibody injec-
tion, and the signal peaked at 24 h. This signal
was stable over the next 24 h and then decreased
over the following 6 days decaying to a low-
level signal at 8 days post-injection. By 15 days
there was undetectable signal remaining within
the tumor tissue (Fig. 22.5) [12].
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field imaging under both low (a, b) and high (¢) magnifi-
cation. In contrast, fluorescence illumination of anti-
CEA-labeled tumors enabled identification of primary
tumor (e, f), which was much more extensive than seen
under bright field. Animals given conjugated non-specific
IgG demonstrated no fluorescence signal in the orthotopic
tumor (d). All tumors was confirmed by histology [12]

Use of Fluorescent Anti-CEA
Antibody to Image Post-resection
Residual Tumor

In animals bearing larger (3—10 mm diameter)
subcutaneous tumors, we used fluorophore-con-
jugated anti-CEA to attempt a complete resec-
tion. Mice were given a single dose of Alexa
Fluor 488-conjugated anti-CEA 24 h prior to
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Primary Colon Tumor Imaged After Systemic Delivery of
Conjugated anti-CEA or Control Conjugated IgG
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Fig.22.2 Fluorescence imaging of patient-derived ortho-
topic xenograft (PDOX®) human colon tumors under fluo-
rescence illumination improved primary tumor
visualization at laparotomy. Mice with orthotopically-
implanted low-passage AC4104 colon tumors originally
derived from a patient were imaged under both bright field

FGS. Before surgery, animals were anesthe-
tized, and their tumors were imaged using
bright field and fluorescence illumination
(Fig. 22.6a, b). The tumors were then carefully
resected with a dissecting microscope under
bright field illumination with careful attention
paid to removing all visible tumor tissue with-
out adjacent normal skin or muscle (Fig. 22.6b—
d). Following resection the operative bed was

CEA
Higher Magnification

(a—c) and fluorescence (d—f) illumination. Primary tumors
labeled with conjugated anti-CEA had bright green fluo-
rescence (e, f). Mice given conjugated control IgG had no
fluorescence signal in the orthotopic tumor (d). All tumors
were confirmed by histology [12]

then imaged using fluorescence microscopy,
with all remaining areas of fluorescence
(Fig. 22.6e, f) were documented and biopsied.
Of the three animals that underwent bright
light surgery (BLS), all three had residual
tumor present within the tumor bed which was
not visible under bright field illumination. The
presence of all tumor tissue was confirmed by
histology (data not shown) [12].
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Abdominal Pancreatic Metastases Imaged
After Systemic Delivery of Conjugated anti-CEA

Intravital Imaging
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Fig. 22.3 Fluorescence imaging of intra-abdominal
metastases from human pancreatic cancer cell line
BxPC-3 orthotopic models reveals greatly improved met-
astatic tumor visualization at laparotomy. Mice injected
i.p. with BXxPC-3 pancreatic cancer cells, were imaged
using in bright field (a, b) and under fluorescence (c, d)

FGS with a Fluorophore-Conjugated
Anti-CEA Antibody Improves
Surgical Resection and Increases
Survival in Orthotopic Mouse
Models of Human Pancreatic Cancer

We showed that FGS with anti-CEA antibody con-
jugated to a green fluorophore improved outcomes
in mouse models of pancreatic cancer [17]. Mouse
models of human pancreatic cancer were estab-
lished with surgical orthotopic implantation (SOI)
of the human BxPC-3 pancreatic cancer cell line.
Orthotopic tumors were allowed to develop for

Higher Magnification

abdgminal
_metaétases

liver

stomach

L

abdominal
metastases

illumination. Small metastatic implants on the bowel and
mesentery were not seen with bright field imaging even
under low (a) or high (b) magnification. In contrast, fluo-
rescence illumination of anti-CEA-labeled tumors enabled
easy identification of metastases (c, d) [12]

2 weeks and the mice then underwent BLS or FGS
24 h after intravenous injection of anti-CEA-Alexa
488. Completeness of resection was assessed from
postoperative fluorescence imaging. Mice were
followed postoperatively to determine disease-free
survival (DFS) and overall survival (OS). Complete
resection was achieved in 92 % of FGS-treated
mice as compared to 45.5 % in the BLS group
(p=0.001). FGS resulted in a smaller postoperative
tumors (p=0.01). Cure rates with FGS compared
to BLS improved from 4.5 to 40 % (p=0.01). One
year postoperative survival rates increased from
0 % with BLS to 28 % with FGS (p=0.01). Median
DFS improved from 5 weeks with BLS to 11 weeks
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Abdominal Colon Metastases Imaged After
Systemic Delivery of Conjugated anti-CEA
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Fig.22.4 Mice with metastatic human colon tumors had
improved tumor visualization at laparotomy after injec-
tion of fluorophore-conjugated chimeric anti-CEA anti-
bodies. Mice with intraperitoneally implanted Colo4104
colon cancer were imaged using both bright field

with FGS (p=0.0003). Median OS improved from
13.5 weeks with BLS to 22 weeks with FGS
(p=0.001) (Fig. 22.7) [17].

Fluorescently Labeled Chimeric
Anti-CEA Antibody Improves
Detection and Resection of Human
Colon Cancer in a Patient-Derived
Orthotopic Xenograft (PDOX’) Nude
Mouse Model

A fluorescently labeled chimeric anti-CEA
antibody improved detection and FGS of colon
cancer [16]. Mouse monoclonal antibodies tend

(a, b) and fluorescence (¢, d) illumination. The metastases
were difficult to distinguish under bright field imaging
under both low (a) and high (b) magnification. In contrast,
fluorescence illumination of anti-CEA-labeled tumors
enabled facile identification of metastases (c, d) [12]

to evoke an immune reaction when adminis-
tered to humans. Creating a chimeric “fusion”
protein allows the introduction of segments of
human constant domains while maintaining
important properties from the “parent” mouse
protein, thereby eliminating most of the poten-
tially immunogenic portions of the antibody
without compromising its specificity for the
intended target (Fig. 22.8) [33]. Frozen tumor
and normal human tissue samples were stained
with chimeric and mouse antibody-fluorophore
conjugates for comparison of tumor staining.
PDOX® mice with human colon cancer under-
went FGS or BLS 24 h after i.v. injection of
fluorophore-conjugated chimeric anti-CEA
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In Vivo Fuorescence Intensity of After Systemic Delivery of
Conjugated anti-CEA
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Fig. 22.5 Mice with small subcutaneous tumors were
given a single dose of conjugated antibody and imaged at
30min, 1 h,2h,6h, 8h,24 h, and 48 h and 8 and 15 days
after. The fluorescence signal was detected at 30 min and

antibody. Completeness of resection was
assessed using postoperative imaging. Mice
were followed for 6 months to determine recur-
rence. The fluorophore conjugation efficiency
(dye/mole ratio) improved from 3-4 to >5.5
with the chimeric anti-CEA antibody compared
to mouse anti-CEA antibody. CEA-expressing
tumors labeled with chimeric CEA antibody
had a brighter fluorescence signal on frozen
human tumor tissues (p=0.046). Normal
human tissues had lower fluorescence with chi-
meric anti-CEA compared to mouse antibody.
Chimeric CEA antibody accurately labeled
PDOX® colon cancer in nude mice, enabling
more effective FGS. The RO resection rate
improved from 86 to 96 % with FGS compared
to BLS (Fig. 22.9).

hours after injection

8 24 48 192 360

peaked at 24 h after injection. The fluorescence signal
remains high at 48 h but by 8 days (192 h) decayed to lev-
els comparable to that seen at 30 min and by 15 days
(360 h) was at background [12]

Comparison of a Chimeric Anti-CEA
Antibody Conjugated with Visible
or Near-Infrared Fluorescent Dyes
for Imaging Pancreatic Cancer

in Orthotopic Nude Mouse Models

We evaluated a set of visible and near-infrared dyes
conjugated to a tumor-specific chimeric antibody
for their ability to improve high-resolution tumor
imaging in orthotopic models of pancreatic cancer
[14]. BXxPC-3 human pancreatic cancer was ortho-
topically implanted into the pancreata of nude
mice. The orthotopic models received a single i.v.
injection of a chimeric anti-CEA antibody conju-
gated to one of the following fluorophores: the
488 nm group (Alexa Fluor 488 or DyLight 488),



218

M. Bouvet and R.M. Hoffman

Fluoresence-Guided Imaging Allows Identification
of Residual Tumor After Resection

Brightfield Imaging

Pre-
Resection

Resected
Tumor

Post-
Resection

\E
Y.
]

b ¢

Fig. 22.6 Tumor resection under bright-light micros-
copy. Larger subcutaneous BxPC-3 tumors were imaged
under a dissecting microscope via both bright field (a) and
fluorescence (b) illumination. Under bright field micros-
copy, all visible tumor was resected, and the ex vivo tumor
was imaged under bright field (¢) and fluorescence (d)
microscopy. The tumor resection bed (e) was then imaged

550 nm group (Alexa Fluor 555 or DyLight 550),
650 nm group (Alexa Fluor 660 or DyLight 650),
and 750 nm group (Alexa Fluor 750 or DyLight
755). Twenty-four hours later, the Olympus OV 100
small animal imaging system was used to compare
the various dyes conjugated to anti-CEA for depth
of imaging, resolution, tumor to background ratio,
photobleaching, and hemoglobin quenching. The
longer-wavelength dyes effected increased depth
of penetration and ability to detect the smallest
tumor deposits and provided the highest tumor to
background ratios, resistance to hemoglobin

Fluorescence Imaging

o

tumor in situ

resected tumor

residual tumor

under fluorescence microscopy for any evidence of resid-
ual fluorescence (f). In all animals resected, there was
residual cancer cells visualized under fluorescence within
the tumor bed. Resected and residual tumor was con-
firmed tumor by histology. All images taken at 20x, scale
bars=1 mm [12]

quenching, and increased tumor specificity
(Fig. 22.10). The shorter-wavelength dyes were
more photostable [14].

Future Directions of Fluorescence-
Guided Surgery and Fluorescence
Laparoscopy

Fluorophore-conjugated tumor specific antibod-
ies enabled labeling, detection, and subsequently
FGS to improve surgical outcomes in mouse
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survival after FGS using a
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Disease-Free Survival by Surgery

fluorophore-conjugated
anti-CEA antibody in
orthotopic mouse models
of human pancreatic
cancer. There was a
significant improvement in
disease-free survival with
FGS compared to BLS
(p<0.0001). Mice with the
FGS group had a median
disease-free survival of

11 weeks compared to

5 weeks with BLS [17]
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Fig. 22.8 Process of chimerization of anti-CEA antibody. This diagram represents the process of making a mouse-
human chimeric anti-CEA antibody (Aragen Bioscience, Inc.) [16]

models of pancreatic and colon cancer. FGS sig-
nificantly reduced the postoperative tumor bur-
den in the recurrence. The improved RO resection
rate resulted in longer disease-free survival and
overall survival. Fluorophore-conjugated anti-
bodies were also be used to detect GI cancers
using minimally invasive fluorescence laparos-
copy [15, 18, 34].

The goal is to improve all methods of fluores-
cently labeling tumor and metastases for curative
FGS. It is necessary to sterilize the tumor bed
after FGS of all residual cancer cells using UVC

irradiation, intraoperative
photoimmunotherapy.

chemotherapy, or

Conclusions

In this chapter, we have reviewed the use of a flu-
orophore-antibody conjugates specific for the
oncofetal antigen CEA to effectively image both
primary and metastatic colon and pancreatic
tumors in clinically relevant orthotopic mouse
models. This approach offers the advantage of a
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BLS Preop

FGS Preop

Complete Resection Rate

Fig. 22.9 FGS with fluorophore-conjugated chimeric
antibody improved real-time detection of tumor margins,
thereby increasing complete resections with FGS-
compared to BLS-treated mice from 85.7 % to 95.5 %,
respectively. Small tumor deposits (indicated by white
arrows) remained after BLS. The absence of any fluores-

single antibody delivery which improved the iden-
tification of residual tumor tissue at the time of
resection thereby enabling FGS which signifi-
cantly improved tumor resection, decreased recur-
rence, and lengthened overall survival.
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