3) EM - REASREORRICTRPLETD
%o

FE LR G OMEDINIC BN T, HICERES
PEON LG E IR EERS LA TH 5, L
L, EBIESFEEZE L T RWHIETES T,
HEREHERMEL, EROEVEGFTHABRERT
5% E, WERRICIRSLETSH D, ERIZL D
HGEZ A+ D5 E0E, A1 Y TER,
EMR 7 &2 & BRI AT %o

4) EEMEBETIRBLAOELESHET 5,

B YED L) e HWRATE, BREH
THEET H70HIz, EEHE LAABORESLE
TdHhbo

X ®

1. BN EABENER . KEFLEEEET v r— A
#:1-95, 1980

2. ERNpE Y, B &, BREAI>BEEEY >
BoMEENRET. § & B24:517-528, 1989

3. PR EKEE, BEAFEZ, HEZH NG - KBEEY V3
EDMMEEDRT. Gastroenterol Endosc 51:3-9, 2009

4. K& B, ARRE, ERERZENKBERY 3 ED
BRRAE L BER2Y HSEtoxlEzEo T B
#%41:315-322, 2006

5. Matsumoto T, Shimizu M, Iida M et al: Primary low-grade,
B-cell, mucosa-associated lymphoid tissue lymphoma of
the colorectum: Clinical and colonoscopic features in six
cases, Gastrointest Endosc 48: 501-508, 1998

6. SFTEH, BREH, HERBEI, XHBELERIS16
mm TCHo-EBEEERT > E01H. B &30
951-954, 1995

7. WHK—, BEIHEL, BHEAIKAREDA o ZEHE
Y Y SE—MALT J » 23E % G002, BREKEE 10:
455-458, 2006

8. A R, HTHE, AKEF—BHEENRY EOMR
H—WHOSHEEZH.IC. B &I541:278-294, 2006

9. Hotta K, Oyama T, Kitamura Y et al: Mantle cell lym-
phoma presenting as multiple lymphomatous polyposis.
Endoscopy 39: E347-E348, 2007

10. Balthazar EJ, Rosenberg HD, Davidian MM: Primary and
metastatic scirrous carcinoma of the rectum. AJR 132:
711-715, 1979

11, AWEE, HEREZ, | Bar BEBEABEoRE
BB XRELPLE LT, B LI538:1815-1830, 2003

12. FEE#HER], & THE, PLUERRE»LRI-HEER
HHEE. B & 538:1755-1771, 2003

13. bk, BRISBSR, ERBIEEZMEHT LREERE

ERBLABBREEBUAGED 16]. B LI 38:
1862-1868, 2003
A€ sk

14, KREER, SREE—, UG ERHEMERTE. §L
15 25: 1301-1311, 1990

15, A+RIEL, REET, EHEMIE» HEHEREON
AR, HLEMPE16: 189-195, 2004

Colonic Elevated Lesions without Appar-
ent Borders

Tomoaki SHINOHARA, Kinichi HOTTA, Tsuneo
OYAMA, Yoshinori MIYATA, Akihisa TOMORI, Akiko
TAKAHASHI, Yoko KITAMURA, Ayako KUSABA,
Toyomi FUKUSHIMA, Yusuke NOMURA, Takaaki
KISHINQG, and Yasuharu KUWAYAMA

Department of Gastroenterology, Saku Central Hospital,
Nagano, Japan

We present cases of malignant lymphomas, metastatic
colon cancer, and mucosal prolapse syndrome to illustrate
elevated colonic lesions with unclear margins. We
describe the process of endoscopic diagnosis. When we
encounter elevated colonic lesions, we have to differenti-
ate an epithelium-derived neoplasm from non-epithelial
lesions like subumucosal tumors or inflammatory lesions.
If the case is an elevated lesion with unclear margin and
smooth surface, we suspect non-epithelial lesion, and we
can rule out epithelium-derived neoplasms by detecting a
non-neoplastic pit pattern. It is important to make a differ-
ential diagnosis of non-epithelial lesions from such find-
ings as the following; location, solitary or multifocal
appearance, size, color, shape, hardness, surface properti-
es, mobility, and existence of depression or ulceration.
Although pathological diagnosis is essential to make a defi-
nite diagnosis of non-epithelial lesions, the diagnostic rate
of biopsy is low. So we have to devise strategies for
obtaining proper diagnostic pathological specimens. For
malignant lymphoma, the therapeutic approach is deter-
mined based on the histological type, so we have to make
an accurate pathological diagnosis with enough specimens
in order to avoid the effects of crash artifacts.
key words: malignant lymphoma, metastatic colon can-
cer, mucosal prolapse syndrome

Legends to Figures
Figure1 Case 1 of diffuse large B-cell lymphoma: 70-
year-old, female.
a, b. Colonoscopy revealed a large submuco-

sal tumor in the ascending colon.
A shallow and regular-shaped ulcer was
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Figure 2

Figure 3

detected at the top of the lesion.

c. Histological examination of the biopsy
specimen revealed medium to large size lym-
phocyte infiltration.

The lesion was diagnosed as diffuse large B-
cell lymphoma.

Case 2 of MALT lymphoma: 73-year-old, male.
a. Colonoscopy revealed a solitary submuco-
sal tumor, 15 mm in diameter, in the sigmoid
colon.

b. Indigocarmine dye spraying image showed
a shallow depression at the top of the lesion.

¢. Magnifying endoscopic view revealed non-
neoplastic pit pattern.

d. EUS revealed a well-demarcated inhomo-
geneous hypoechoic mass in the third layer.

e. Microscopic view. The mass was com-
posed of lymphocyte infiltration localized in
the submucosal layer.

f. Histological examination revealed medium-
size atypical lymphocyte infiltration. The
lesion was diagnosed as marginal zone B-cell
lymphoma of MALT type.

Case 3 of mantle cell lymphoma: 66-year-old,
male.

a, b. Colonoscopic image of the cecum (a) and
rectum (b). Multifocal elevated lesions with
central erosion were detected throughout the
large intestine.

¢. Magnifying image of a nodule showed non-
neoplastic pit pattern.

d. Histological diagnosis of the biopsy speci-
men was malignant lymphoma.

e, f. Upper-GI endoscopic image revealed
giant folds in the gastric fornix and mural
thickening with erosive changes in the gastric
antrum.

g. Per-anal double balloon endoscopy revealed

Figure 4

Figure 5

multinodular SMT-like lesions in the terminal
ileum.

Case 4 of ovarian cancer metastasis to the rec-
tum: 43-year-old, female.

a, b. Colonoscopic image: Extramural com-
pression was noted at the lower rectum (a).
An elevated lesion with multiple reddish
granulation was noted in the middle rectum
(b).

c. Magnifying image of the elevated lesion
demonstrated non-neoplastic pit pattern.

d. Histologic examination of rectal biopsy
specimen revealed adenocarcinoma arranged
like sheets in the submucosal layer.

The surface epithelium was normal. These
findings are compatible with submucosal inva-
sion of ovarian cancer.

e, f. Contrast enhancement CT of the pelvis
revealed a large tumor composed of cystic and
solid components. Disseminating tumor dif-
fusely involved the rectal wall.

Case 5 of mucosal prolapse syndrome: 58-
year-old, female.

a. Colonoscopy revealed ill-demarcated red-
dish elevated lesion at the lower rectum.

b. After indigocarmine dye spraying, granular
and nodular surface pattern became evident.
But the margin of the lesion was still obscure.

¢. Magnifying image revealed non-neoplastic
pit pattern.

d. EUS revealed a multifocal cystic non-
echoic area in the submucosa. These findings
were compatible with the diagnosis of colitis
cystica profunda.

e. Histological examination of the EMR speci-
men revealed fibromuscular obliteration in
lamina propria mucosae.
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Table1 Sensitivity of three methods

WL 66 % ]
NBI 84 % ] n's' } p=0.01
Todine 100 % -

n.s. : not significant.

WL - NBI - 3—F#@ic ks
BENMNERELREORREE

1. MREFZE

2005 4% 5§ ~2008 4 12 H 12 EMRC (endosco-
pic mucosal resection using a cap) ¥ 7z it ESD
(endoscopic submucosal dissection) % 1T L 72
WRIRIEROBE/ MR LR 29 5 33 WED 9
b, SMEBIREZRIL-RKREREE
Tla-EP 29§ %, Tla-LPM 3%, BEERS
JLE (4iBH) 3 (0.8~10) mm) ZHH & L7

WL &, 33— FA##EE, NBI AHEHE ret-
rospective IZRBE L, ZHENO sensitivity % H
L7z, WL TR 2 ek,
M %, NBI®%H 818 T38RI & 5 E8
(brownish area) %, I — FRRFETEIARER L
AY\ER LT L 72,

2. # R

WL T O sensitivity 1 66 % (21/32), NBI T
1% 84% (27/32), 3— FHMATIE 1005 THo7z
(Table 1), NBI CTE R A 87248 WL TIEERT
ELdolERMX6 B 19%THY, HITWL T
FERUREIZASNBI CRRERTE Lo 2RI 1
BI3%Tdro 7z (Table2).

E #l

UEFI1) WL, NBI & dICITEEBKIOTEET
B o TR,

WL T Mt EBEICARETR 2 BRMMMEHRZE 2 32
& 72 (Fig.1a). NBIBH BB THKEZE X
brownisharea # 2L, #OERIT L Y HEE
% o7z (Fig. 1b). WL ILABIE CI3E L - Mm%
TRIHFLET L5805 o 72 (Fig. 1¢). NBI LK
BETR I oD WL IEKBRE X BRI

Table2 Comparison of WL and NBI

WL
positive negative
NBI
positive 63 % (20/32) 19% (6/22)
negative 3% ( 1/32) 15 % (5/32)

ga3h/z (Fig. 1d). I— Ff@TIHERER LA
BROAR 22 L7 (Fig. 1e). PLEXY SCC,
Tla-EP L ZHi L, ESD I T—HEWKR 2T L
1o, WHEMBRFENTTRCTREEED SCC T, B
#EE X T1a-EP T o 7z (Fig. 11). BRBHZ,
SCC, Tla-EP, ly0, v0, LM(-), VM (-),
0-Ilb, 10 X 9mm Tdh -7 (Fig.1g).

GERI2) WL TR k727245 NBIT
WD BETd o FIER.

WL 2T Mt B HBERORFRESRE %
7z (Fig.2a). NBIBFEBHETHEHES» %
brownish area {2729 %22 o 72 (Fig. 2b). I—F
utt CHEBERAR ORI 2 R L % 2 L 72 (Fig.
2¢). PEXD I — FREOREZEBRL 0-Ila &
RELEEESZH L, ESDIC Tk T
L7z MG R CIIERERE O SCC T
HY, —HHBEEAEERL T (Fig. 24).
RAEBWE, SCC, Tla-LPM, 1y0, v0, HMO,
VMO, 0-Ilc, 7 X 6mm TH-7z (Fig.2e),

UEBI3) WL TIIFENBRICEY, NBIT
WA RECdH o 7 EEBL.

WLICTIRBTE& Lo 7248 (Fig. 3a), NBIE
2T Lt BRECEE BB 2/ brownish area 32
®7z (Fig. 3b). = — FRAA TS » /IRy
R L7 (g 3¢). BLEXY SCC, TlaEP &%
B L, EMRCIZ TR L7z, REMEER
R CIIBER S LI F CILB 5 2RH% sce
T, BEE T1a-EP Th o7 (Fig. 3d). BHES
Wi X, SCC, Tla-EP, ly0, v0, HMO, VMO,
0-lla, 1.5 X 1.5mm T -7 (Fig.3e).

(FEfl4) WL & NBIL & b ICEESWHTE
oo T2 RER.

HEERARGEEEET—RA SV ACTWL &
NBI CIIREZ B/ CTE b o 24 (Fig. 4a,b),
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Fig.1{Case 1} a WL endoscopy showed a reddish de-
pressed lesion on the left wall of the middle esophagus.
The shape was irregular.

b NBI endoscopy revealed a well demarcated brownish
area. The lesion was detected clearer than under WL en-
doscopy.

¢ WL magnified picture showed irregular micro vessels
with dilatation.

d Irregular micro vessels were observed more clearly by
NBI magnified endoscopy.

e Endoscopy revealed a well demarcated unstained area
after iodine spreading.

f The histological diagnosis was SCC, T1a-EP, 1y0, v0,
HMO0, VMO, 0-Ilc, 10 X 9 mm.

g The range of SCC is depicted by white lines.

Belp 4% 8115 2000F108
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A

Fig.2(Case 2) a WL endosco-

middle thoracic esophagus.

b NBI endoscopy revealed a white protuberant
lesion. And there was no brownish area.
¢ Endoscopy showed a well demarcated un-

stained area after iodine spreading.

d The pathological diagnosis was SCC. Tia-
LPM, ly0, v0, HMO, VMO, 0-IIc, 7 X 6 mm.
e The range of the SCC was depicted by white

lines and blue lines.

39— FEAAIST Mt BB 2 R 2 D72
(Fig. 4¢,d). I— FRAOFRZEHR L TSCC
LWL BSD ICC—3EYIBR % #idT L 72, FREM
MEWTRCTIIEERBR O SCC TH - 7 (Fig.
4e). B ¥ WX, SCC, Tia-EP, 1y0, v0,
HMO, VMO, 0-Ilc, 7% 6 mmTdH-o7: (Fig.41),
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a | b Fig 3(Case3)
I a No lesions were
pointed out by WL
endoscopy.
e b NBI endoscopy
showed a small brow-
nish area clearly.
¢ Endoscopy revealed a well de-
marcated unstained area after io-
dine spreading.
d The pathological diagnosis was
SCC. Tla-EP, ly0, v0, HMO,
VMO, 0-I1a, 1.5 X 1.5 mm.
e The range of SCC was depict-
ed by a white line.
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W% % 3 — F @ sensitivity, PPV (positive
predictive value) X Z# €1 100%, 44% T,
NBI Ti100%, 98% T3 ), PPVIZINBI®
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REEIIWL66%, NBI84%, 3 — F#a
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am

Fig. 4 (Case4) a,b No lesions could be detected by WL and NBIL
¢, d Endoscopy showed an irregular unstained lesion, after iodine spreading,

on the left wall of the middle esophagus.

e The pathological diagnosis was SCC. T1a-EP, ly0, v0, HMO, VM0, 0-1ic, 7

X 6 mm.
f The range of SCC was depicted by white lines.
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Summary

Detection of Small Esophageal Squamous
Cell Carcinoma by NBI

Akiko Takahashi P, Tsuneo Oyama,
Akihisa Tomori, Yoko Kitamura,

Kinichi Hotta, Yoshinori Miyata

Usefulness of NBI for the early detection of superfi-
cial esophageal SCC has been reported. However, the
detection sensitivity for small esophageal SCC by WL,
NBI and iodine staining has never been reported.

Patients and Methods : 32 lesions of small SCC (29 le-
sions of EP and 3 lesions of LPM, tumor median size : 3
mm) treated by EMRC or ESD from May, 2005 to De-
cember, 2008 were enrolled in this study. The endoscop-
ic pictures of WL, NBI and iodine were investigated ret-
rospectively. The SCC was detected from the endoscopic
findings such as protuberant, depression or color change
by WL, well demarcated brown area by NBI and irregu-
lar unstained area by iodine, respectively. Small SCC
was defined as a lesion 10 mm or less in size.

Results : Sensitivity of WL, NBI and iodine was 66 %,
84 % and 100 %, respectively.

Conclusion : NBI was useful for the detection of small
esophageal SCC, however the sensitivity of NBI was
lower than that of iodine staining. Therefore, iodine
staining is still necessary for the surveillance in the high
risk group for esophageal SCC.

1) Department of Gastroenterology, Saku Central
Hospital, Saku, Japan
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The purpose of this study was to quantify circulating tumor cells
(CTCs) in advanced gastric cancer (AGC) patients, and to demon-
strate the role of CTCs in cancer therapy. This study investigates
the hypothesis that CTCs can predict clinical outcomes in patients
with AGC. From November 2007 to June 2009, 52 patients with
AGC were enrolled into a prospective study. The chemotherapy
regimen was an $-1-based regimen (5-1 with or without cisplatin)
or paclitaxel. CTCs of whole blood at baseline, 2 weeks, and
4 weeks after initiation of chemotherapy, were isolated and enu-
merated using immunomagnetics. Patients with 24 CTCs at 2-week
points and 4-week points had a shorter median progression-free
survival (PFS) (1.4, 1.4 months, respectively) than those with the
median PFS of <4 CTCs (4.9, 5.0 months, respectively) (log-rank
test; P < 0.001, P < 0.001, respectively). Patients with 24 CTCs at
2-week points and 4-week points had shorter median overall
survival (OS) (3.5, 4.0 months, respectively) than those with the
median PFS of <4 CTCs (11.7, 11.4 months, respectively) (log-rank
test; P < 0.001, P = 0.001, respectively). In conclusion, this study
demonstrates that CTC measurement may be useful as a surrogate
marker for determining response to S-1-based or paclitaxel
regimens in AGC. {Cancer Sci 2010)

G astric cancer is more prevalent in Asia, Eastern Europe,
and Central and South America than in other areas. In
Japan, this cancer is one of the most common causes of cancer-
related mortality, despite dramatic advances in diagnosis and
treatment. Qutcomes are extremely poor in patients with unre-
sectable gastric cancer, with the median survwal ranging from 3
to 5 months with the best supportive care.’ The ablhly to
identify patients with the worst prognoses or those destined to
progress quickly could have broad clinical applications.
Circuldting tumor cells (CTCs) or disseminated tumor cells
(DTCs) in bone marrow and perlpheral blood from gatients with
cancers have been documented.™ Braun e al.'™® reported
that ~30% of women with primary breast cancer have DTCs in
bone marrow, and a 10-year follow-up of these patients revealed
a significantly decreased disease-free survival and overall sur-
vival (OS) when compared with patients without DTCs. How-
ever, aspiration of bone marrow is time consuming and, in many
cases. uncomfortable for the patients precluding multiple sam-
plings for therapy monitoring studies. Therefore, recent efforts
have concentrated on the detection of CTCs in the penpheral
blood of cancer patients. Cristofanilli er al.®% showed in a
prospectlve study that CTC detection provided significant
prognostic mformauon for patients with metastatic breast
cancer. Cohen et al.'V showed that the number of CTCs before
and during treatment was an independent predictor of PFS and
OS in patients with metastatic colorectal cancer. It is not clear
whether CTC detection using this system provides prognostic

doi: 10.1111/].1349-7006.2010.01492.x
© 2010 Japanese Cancer Assaciation

information for patients with advanced gastric cancer. We
initiated this study to evaluate whether CTCs could serve as a
prognostic and/or predictive marker in patients with AGC.

Materials and Methods

Patients. All patients were enrolled using institutional review
board-approved protocols at the Cancer Institute Hospital at the
Japanese Foundation for Cancer Research and provided
informed consent. The study population consisted of patients
aged 18 years or older with histologically proven AGC. Other
inclusion criteria were Eastern Cooperative Oncology Group
(ECOG) performance status of 0 or 2; adequate organ function;
and S-1-based (S-1 with or without cisplatin) or paclitaxel che-
motherapy regimen. The subjects were five patients treated with
S-1 (40 mg/m% twice daily, days 1-28. repeated every
6 weeks) 26 patients treated with S-1 plus CDDP (S-1
40 mg/m?, twice daity, days 1-21, CDDP 60 mg/m’, day 8,
repeated evi yery 5 weeks), and 21 patients treated with paclitaxel
(80 mg/m?, weekly). :

Sample preparation for isolation of CTCs from blood. Blood
was drawn from advanced gastric cancer patients into 10 mL
of evacuated blood for CTC in a Cell Save Preservative Tube
(Veridex, Raritan, NJ, USA). Blood was always drawn from
cancer patients before treatment initiation (baseline), 2 weeks,
and 4 weeks after the administration of an S-1-based or pac-
litaxel regimen. The CeliSearch system (Veridex) consists of
the CellPrep system, the CellSearch Epithelial Cell Kit (for
the measurement of CTC), and the CellSpotter Analyzer. The
CellPrep system is a semi-automated sample preparation sys-
tem, and the CellSearch Epithelial Cell Kit consists of ferrofl-
uids coated with epithelial cell-specific EpCAM antibodies to
immunomagnetically enrich epithelial cells; a mixture of two
phycoerythrin-conjugated antibodies that bind to cytokeratin 8,
18, and 19; an antibody to CD45 conjugated to allophycocya-
nin; nuclear dye 4°,6- diamidino-2-phenylindole (DAPI) to flu-
orescently label the cell; and buffers to wash, permeabilize,
and resuspend the cells. Sample processing and evaluation
were done as described by Allard ef o/ Briefly, 7.5 mL of
blood for CTCs were mixed with 6 mL of buffer, centrifuged
at 800¢ for 10 min, and then placed on the CellPrep system.
After aspiration of the plasma and buffer layer by instrument,
ferrofluids were added. After incubation and subsequent
magnetic separation, unbound cells and remaining plasma
were aspirated. The staining reagents were then added in
conjunction with a penmeabilization buffer to fuorescently
label the immunomagnetically labeled cells. After incubation
in the system, the magnetic separation was repeated, and

3To whom correspondence shoufd be addressed. E-mail: khatake®@jfcr.or.jp
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excess staining reagents were aspirated. In the final processing
step, the cells were resuspended in the MagNest Cell Presen-
tation Device (Veridex). This device consists of a chamber
and two magnets that orient the immunomagnetically labeled
cells for analysis using the CellSpotter Analyzer.

Sample analysis. The MagNest was placed on the CellSpotter
Analyzer, a tour-color semi-automated fluorescence microscope.
Image frames covering the entire surface of the cartridge for
each of the four fluorescent filter cubes were captured. The cap-
wired images containing objects that met predetermined criteria
were automatically presented in a web-enabled browser from
which final selection of cells was made by the operator. The cri-
teria for an object to be defined as a CTC include round to oval
morphology, a visible nucleus (DAPI positive), positive staining
for cytokeratin, and negative staining for CD45. Results of cell
enumeration are always expressed as the number of cells per
7.5 mL of blood for CTCs.

Statistical analysis. Progression-free survival (PFS) was
defined as the elapsed time from blood collection to progression.
Kaplan—-Meier survival plots were generated based on CTC lev-
els each time blood was collected, and the curves were com-
pared using a log-rank testing. A P-value <0.05 was considered
significant. Cox proportional hazards regression was. used to
determine univariate and multivariate hazard ratios for selected
potential predictors of PFES and OS. The distribution of patients
above and below the CTC threshold and clinical response was
compared using Fisher’s exact test.

Results

Patient characteristics. A total of 52 patients were enrolled.
Patients’ characteristics at baseline are summarized in Table 1.
Patients” characteristics were as follows: median age, 62 years
(range, 24-78 years); PS 0/1/2, 39/12/1; primary tumor +/—,
33/19; and regimen S-1/5-1 with cisplatin/paclitaxel, 5/26/21.
Thirty-five patients had diffuse-type histology (67.3%). Seven-
teen patients (32.7%) had intestinal type. Among 52 patients,
the best response rates were 28.8% (complete response {CR]/
partial response [PR]/stable disease [SD]/progressive disease
[PD]: 0/15/19/18). Of 31 patients treated with the S-1-based
regimen (S-1 alone or S-1/cisplatin [CDDP]) assessable for
response, we observed 14 PR (45.2%), 11 patients (35.5%) with
SD, and six patients (19.4%) with PD during treatment. The
overall response rate was 45.2%. On the other hand, of 21
patients treated with the weekly paclitaxel regimen assessable
for response, we observed one PR (4.8%), eight patients
(38.1%) with SD, and 12 patients (57.1%) with progression of
disease during treatment, for an overall response rate (RR) of
4.8% (Table 2).

Table 1. Patient demographics

Demographic Number or median {range)

Median age (range) 62 (24-78)
Male/female 44/8
PS5 0/1/2 39/12/1
S1-based/PAC regimen 31721
Line: 1st/2nd 34/18
Histopathology: diffuse/intestinal type 35/17
Primary tumor: +/— 33/19
Sites of metastasis: +/—
Liver 24/28
Lung 3/49
Bone 151 "
Peritoneum 22/30
Lymph node 37/15

Table 2. Objective response

S1-based regimen (31)
S1 alone (5), $1/CDDP (26}

PAC (21)
Weekly PAC (21)

1st line (31) ist line (3), 2nd line (18)
CR 0 4]
PR 14 . 1
SD 11 8
PD 6 12

CDDP, cisplatin; CR, complete response; PAC, paclitaxel;
PD, progressive disease; PR, partial response; SD, stable disease.

Stratification according to CTC levels. To select a level of cir-
culating tumor cells that most clearly distinguished patients with
a response of chemotherapy, thresholds of 1 to 88 cells for 2-
week point were systematically correlated with PFS for 26 of
the 30 patients in the training set. The median PFS among
patients with levels above or below each threshold differed at
the level of one circulating tumor cell per 7.5 mL of blood, and
reached a plateau at approximately four cells per 7.5 mL of
blood. At the latter level, the Cox proportional hazards ratio sig-
nifying the difference between slow and rapid progression of
disease also reached a plateau. Thus, a cut-off of four circulating
tumor cells per 7.5 mL of blood was chosen to distinguish
patients.’” The Kaplan-Meier circulating tumor-cell counts
were available at a 2-week point for 26 of the thirty patients in
the training set and for 21 of the 22 patients in the validation set.
Neither PFS nor OS was significantly different in the two sets
(data not shown). Because the two sets of data were nearly iden-
tical, they were combined for the estimation of PFS and OS for
the entire population.

CTCs and imaging to assess response to therapy. Thirty-four
(65.4%) of 52 patients were classified as having non-progressive
disease (non-PD), with 24 of these patients (46.2%) having <4
CTCs and 10 patients (19.2%) having 24 CTCs before the initia-
tion of therapy. Ten (19.2%) of 52 patients were classified as
having PD, with 11 of these patients (21.2%) having <4 CTCs
and seven patients (13.4%) having 24 CTCs before the initiation
of therapy. The difference between the clinical responses and
CTC levels were not significant. In contrast, 33 (64.7%) of 51
patients were classified as having non-PD, with 33 of these
patients (64.7%) having <4 CTCs and no patients (0%) having
=4 CTCs at 2 weeks. Eighteen (35.3%) of 51 patients were clas-
sified as having PD, with 11 of these patients (21.6%) having <4
CTCs and seven patients (13.7%) having 24 CTCs at 2 weeks.
The difference between the clinical responses and CTC levels
was highly significant. (P = 0.001, Fisher's exact test). Thirty-
two (64%) of 48 patients were classified as having non-PD, with
31 of these patients (64.6%) having <4 CTCs and one patient
(2.0%) having 24 CTCs at 4 weeks. Sixteen (33.3%) of 48
patients were classified as having PD, with eight of these
patients (16.7%) having <4 CTCs and eight patients (16.7%)
having 24 CTCs at 4 weeks. The difference between the clinical
responses and CTC levels were highly significant (P < 0.001,
Fisher’s exact test) (Table 3).

Analysis of PFS according to CTC level. Figure 1 shows the
Kaplan-Meier plots for prediction of PFS using the baseline
CTC counts (Fig. la), at 2 weeks (Fig. 1b), and at 4 weeks
(Fig. Ic). Seventeen of the patients (32.7%) had >4 CTCs per
7.5 mL of blood at baseline. These patients had no significantly
different PFS compared with that of patients with <4 CTCs per
7.5 mL of blood at baseline. Patients with 24 CTCs at the 2-
week point had a shorter median PFS (1.4 months; 95% confi-
dence interval [CI], 1.2—1.6) than the median PFS of <4 CTCs at
2 weeks (4.9 months; 95% CI, 4.0-5.8) (P < 0.001) (Fig. 1b).
Patients with 24 CTCs at the 4-week point had a shorter median
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Table 3. CTCs and correlation with response assessment by imaging

Non-PD PD Fisher's exact
No. of patients CTCs <4 (%) CTCs 24 (%) No. of patients CTCs <4 (%) CTCs 24 (%) P-values
Baseline 34 24 (46.2) 10 (19.2) 18 11 (21.2) 7 (13.4) 0.544
2 week 33 33(64.7) 0(0) 18 11 (21.6) 7 (13.7) 0.001
4 week 32 31 (64.6) 1 (2.0 16 8 (16.7) 8 (16.7) <0.001
CTGCs, circulating tumor cells; PD, progressive disease.
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Fig. 1. Kaplan-Meier plots of progression-free survival (PFS) in
advanced gastric cancer patients with less than four circulating tumor
cells {(CTCs) or 24 CTCs at baseline (a), 2 weeks (b), and 4 weeks (¢).

PFS (1.4 months; 95% CI, 1.3-1.5) than the median PFS of <4
CTCs at 4 weeks (5.0 months; 95% CI, 3.9-6.1) (P < 0.001)
(Fig. 1c). With the S-1-based regimen, 10 patients had >4 CTCs
per 7.5 mL of blood at baseline. These patients had no signifi-
cantly different PFS compared with 21 patients with <4 CTCs
per 7.5 mL of blood at baseline. Patients with 24 CTCs at the 2-
week point had a shorter median PES (1.2 months) than the

Matsusaka et al.

C.0 5.0 0.0 150 200

Time from baseline blood draw
{months)

Fig. 2. Kaplan-Meier plots of overall survival (OS) in advanced gastric
cancer patients with less than four circulating tumor cells (CTCs) or 24
CTCs at baseline (a), 2 weeks {b), and 4 weeks (c).

median PFS of <4 CTCs at 2 weeks (6.0 months; 95% CI,
4.3-7.7) (P < 0.001). Patients with 24 CTCs at the 4-week point
had a shorter median PFS (2.3 months; 95% CI, 0.7-3.9) than
the median PFS of <4 CTCs at 4 weeks (6.3 months; 95% CI,
3.0-9.7) (P <0.001). With the paclitaxel regimen, seven
patients had 24 CTCs per 7.5 mL of blood at baseline. These
patienis had no significantly different PFS compared with 14
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patients with <4 CTCs per 7.5 mL of blood at baseline. Patients
with >4 CTCs at the 2-week point had a shorter median PFS
(1.4 months; 95% CI, 1.4-1.5) than the median PFS of <4 CTCs
at 2 weeks (4.3 months: 95% Cl, 3.5-5.2) (P < 0.001). Patients
with 24 CTCs at the 4-week point had a shorter median PFS
(1.4 months; 95% CI, 1.0-1.8) than the median PFS of <4 CTCs
at 4 weeks (4.4 months; 95% CI, 3.6-5.3) (P < 0.001).

Analysis of OS according to CTC level. Figure 2 shows the
Kaplan-Meier plots for prediction of OS using baseline CTC
counts (Fig. 2a), at 2 weeks (Fig. 2b), and at 4 weeks (Fig. 2¢).
Seventeen of the patients (32.7%) with 24 CTCs per 7.5 mL of
blood at baseline had no significant different OS compared with
patients with <4 CTCs per 7.5 mL of blood at baseline. Patients
with 24 CTCs at the 2-week point had a shorter median OS
(3.5 months; 95% CI, 3.0-4.0) than the median OS of <4 CTCs
at 2 weeks (11.7 months; 95% Cl, 5.3-18.2) (P <0.001)
(Fig. 2b). Patients with 24 CTCs at the 4-week point had a
shorter median OS (4.0 months; 95% CI, 2.6-5.5) than the med-
ian OS of <4 CTCs at 4 weeks (11.4 months; 95% CI, 3.3-19.5)
(P = 0.001) (Fig. 2c¢). With the S-1 based regimen, 10 patients
had 24 CTCs per 7.5 mL of blood at baseline. These patients
had no significant different OS compared with 21 patients with
<4 CTCs per 7.5 mL of blood at baseline. Patients with 24
CTCs at the 2-week point had a shorter median OS (1.3 months)
than the median OS of <4 CTCs at 2 weeks (13.8 months; 95%
CI, 9.4-18.2) (P < 0.001). Patients with 24 CTCs at the 4-week
point had a shorter median OS (4.0 months; 95% Cl. 2.3-5.7)
than the median OS of <4 CTCs at 4 weeks (>11.7 months)
(P = 0.031). With the paclitaxel regimen, seven patients had >4
CTCs per 7.5 mL of blood at baseline. These patients had no
significant different OS compared with 14 patients with <4
CTCs per 7.5 mL of blood at baseline. Patients with 24 CTCs at
the 2-week point had a shorter median OS (3.5 months; 95% CI,
3.14.0) than the median OS of <4 CTCs at 2 weeks
(6.5 months; 95% CI, 5.9-7.2) (P < 0.001). Patients with 24
CTCs at the 4-week point had a shorter median OS (3.5 months;

95% Cl. 2.3-4.7) than the median OS of <4 CTCs at 4 weeks
(6.5 months; 95% CI, 5.5-7.5) (P = 0.013).

Univariate and multivariate analysis of predictors of PFS and
0S. Univariate and multivariate Cox proportional hazards
regression was performed to assess the association between fac-
tors of interest and PFS or OS. In univariate analysis, PS, treat-
ment regimen, line of chemotherapy. and CTC levels (cut-off, 4)
at 2 and 4 weeks predicted PFS and OS (Table 4). In order to
evaluate the independent predictive effect of chemotherapy,
multivariate Cox regression analysis was carried out (Table 5).
CTC levels at 2 and 4 weeks were the strongest predictors.

Discussion

The CellSearch system is designed to enrich and enumerate
CTCs from peripheral blood. Furthermore, it is the first system
to validate the clinical use of CTCs in patients with advanced
gastric cancer. Our results show that the system is a suitable tool
for assessment of CTCs in these patients, enabling reliable
detection of CTCs in whole blood.

Approaches for isolation of CTCs in a research setting range
from enrichment of tumor cells usintgl density-gradient centrifu-
gation'"* ™ and flow cytometry. "' CTC number as quanti-
fied by the CellSearch methodology'"*"" has been shown to
have prognostic significance, and post-therapy decreases and
increases in CTC number are associated with a superior and
inferior survival, respectively, in patients with breast cancer,
prostate cancer, and colorectal cancer. In this study, a finding of
<4 CTCs in 7.5 mL of peripheral blood at 2 and 4 weeks after
initiation of chemotherapy was associated with significantly
fouger PFS and OS as compared with these patients with >4
CTCs in 7.5 mL of peripheral blood. The results of this analysis
demonstrated that the presence of four or more CTCs in 7.5 mL
of blood before initiation of chemotherapy is not associated with
PFS and OS. But the levels of CTCs at 2 and 4 weeks after initi-
ation of chemotherapy are predictive of treatment efficacy, PFS,

Table 4. Univariate Cox regression analysis of independent parameters for prediction of PFS and OS

PFS (o}
Parameter No. of patients
HR 95% Cl P-values % HR 95% Cl P-values v

ECOG, 2vs 1 vs O 52 1.817 1.010-3.268 0.046 0.042 2,795 1.416-5.516 0.003 0.002
Treatment regimen 52 0422  0.225-0.792 0.007 0.006 0239  0.106-0.538 0.001 <0.001
Line of therapy 52 3.155 1.577-6.311 0.001 0.001 4527  2.021-10.088 <0.001 <0.001
CTCs at the 2nd week 51 22,633 6.214-82.429 <0.001 <0.001 42796  8.382-218515 <0.001 <0.001
CTCs at the 4th week 48 15.947 5.380-47.271 <0.001 <0.001 4.699 1.751-12.609 0.002 0.001

Cl, confidence interval; CTCs, circulating tumor cells; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; OS, overall survival;

PFS, progression-free survival.

Table 5. Multivariate Cox regression analysis for prediction of PFS and OS

PFS 0s

Parameter

No. of patients HR 95% Cl P-values No. of patients HR 95% Cl P-values
No. of patients 51 51
Line of therapy, 1st vs 2nd 0.463 0.219-0.977 0.043 0.307 0.129-0.731 0.008
Lymph node metastasis 0.458 0.214-0.980 0.044
CTCs at the 2nd week 0.049 0.012-0.199 <0.001 0.037 0.007-0.191 <0.001
Model 32 <0.001 <0.001
No. of patients 48 48
Line of therapy, 1st vs 2nd 0.412 0.192-0.880 0.022 0.217 0.089-0.504 <0.001
CTCs at the 4th week 0.082 0.027-0.224 <0.001 0.216 0.077-0.607 0.004
Model 32 <0.001 <0.001

Cl, confidence interval; CTCs, circulating tumor cells; HR, hazard ratio; OS, overall survival; PFS, progression-free survival.
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and OS. The presence of at least four CTCs at 2 and 4 weeks is
a strong independent prognostic factor for inferior PFS and OS.
These data demonstrate that CTC measurement may be a useful
biomarker for monitoring response to therapy in AGC.
Qutcomes are extremely poor in patients with 24 CTCs at 2
and 4 weeks, with the median OS ranging from 2 to 5 months.
These data suggest the value of this technology in the identifica-
tion of chemotherapy-resistant patients who could benefit from
early treatment change and/or more investigational. Further
study should prospectively address whether a change of treat-
ment based on >4 CTCs at 2 or 4 weeks after initiation of che-
motherapy early in the course of treatment will result i
improvement in OS. CTC levels drawn at 2 and 4 weeks, belore
typical imaging intervals, may have the potential to suggest
treatment choices and spare unnecessary toxicity by suggesting
that an early change in therapy is warranted. Because the
CellSearch system has not been approved in Japan, the price of
one sample costs about ¥80 000 as in the case of the extra
laboratory in the clinical trial. Several prospective trials led to
the FDA approval of CTC counts for monitoring of patients with
breast, colorectal, and prostate cancer. We expect CTC counts
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patients treated with bevacizumab

Mitsukuni Suenaga + Nobuyuki Mizunuma + Kokoro Kobayashi -
Eiji Shinozaki + Satoshi Matsusaka + Keisho Chin * Yasutoshi Kuboki -
Takashi Ichimura - Masato Ozaka - Mariko Ogura * Yoshimasa Fujiwara -

Kiyoshi Matsueda - Fumio Konishi * Kiyohiko Hatake

Received: 12 June 2009/ Accepted: 2 August 2009
© Humana Press Inc. 2009

Abstract Venous thromboembolism associated with use
of a central venous access system is an urgent problem in
patients treated with bevacizumab (bev). We investigated
the effectiveness of Doppler ultrasound imaging (DUS) in
the early detection of catheter-related thrombosis for
avoidance of severe venous thromboembolism. Patients
with metastatic colorectal cancer received either FOLFOX-
4 + bev or FOLFIRI + bev. DUS was performed on the
deep venous system for detection of thrombus formation
during the initial cycle of treatment, followed by re-eval-
uation after the third cycle in patients with asymptomatic
thrombus formation. All patients were followed up until
treatment was interrupted. Median duration of follow-up
was 484 days (range 72-574). Among 41 enrolled patients,
curable symptomatic thrombosis occurred in one, and
asymptomatic thrombosis in 21 (51.2%). Of 21 patients
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undergoing re-evaluation, thrombi remained without pro-
gression in 17 patients, and enlargement in 4 patients. In
two of the patients in whom there was progression, pul-
monary embolism occurred after the sixth cycle. In the
asymptomatic group, no thrombi developed as far as the
superior vena cava in any patient. In the cases of pro-
gression, thrombotic enlargement was observed in all the 4
patients, with decreased vascular flow in 2. Using DUS, we
were able to detect asymptomatic thrombosis in the early
cycles of treatment, indicating its potential in the moni-
toring of venous thrombi. In the event of an enlarging
asymptomatic thrombosis developing into the superior
vena cava along with decreased vascular flow, careful
follow-up and appropriate anticoagulant therapy may be
recommended without increased risk of bleeding.

Keywords Venous thromboembolism - Bevacizumab -
Colorectal cancer

Introduction

Bevacizumab (bev) is a recombinant, humanized mono-
clonal antibody against vascular endothelial growth factor
(VEGF). The combination of bev and chemotherapy for
first- and second-line treatment of metastatic colorectal
cancer has been shown to improve survival [1—4]. Fur-
thermore, a large observational study indicated that use of
bev beyond first progression correlated with improved
survival [5]. However, use of bev in conjunction with
chemotherapy is associated with an increased risk of arte-
rial thromboembolism, and there is also some controversy
as to whether bev contributes to the development of venous
thromboembolism (VTE) [6]. Pulmonary embolism (PE)
occurs in 2-5% of cases where bev and chemotherapy are
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used together [1, 3]. A recent meta-analysis of 15 ran-
domized controlled trials [7] found that bev significantly
increased risk of VTE in cancer patients and anticoagulant
therapy is indicated in the event of VTE.

An implantable central venous access system (CVAS) is
a risk factor for VTE [8]. Many VTEs, although asymp-
tomatic, can be as serious as PEs in terms of morbidity
[9, 10]. Based on the results of studies on the prevention of
catheter-related thrombosis, anticoagulant prophylaxis is
not generally recommended with a CVAS [11-13].

In our hospital, symptomatic venous thrombosis associ-
ated with a CVAS occurred in patients treated with bev plus
chemotherapy during the initial cycle. Appropriate screen-
ing and management of patients after detection of either
symptomatic or asymptomatic VTE remain to be clarified.

We evaluated the effectiveness of Doppler ultrasound
imaging (DUS) in the early detection of CVAS-associated
venous thrombosis to determine its potential in the pre-
vention of further development into severe VTE.

Patients and methods
Study design

This was a prospective cohort study conducted at a single
institute. Patients were enrolled from July 2007 onward
after approval of bev in June 2007 in Japan. The study
protocol, including the use of DUS, was approved by the
institutional review board of our institute. All the patients
provided written informed consent before treatment.

The study design is shown in Fig. 1. DUS was per-
formed on the deep venous system in the upper extremities
where catheterization had been carried out to detect
thrombus. formation during the early cycles of chemother-
apy. The first DUS was performed after the initial cycle of
bev. Only patients with asymptomatic thrombus formation
underwent follow-up evaluation by DUS after the third
cycle of bev. During DUS, location and dimension of
thrombus, vascular flow, and collateral vascular flow were
evaluated and diagnosed by a radiologist at our institute. In
addition, dimension of thrombus, location, whether it
extended as far as the junction of the external jugular vein
(EJV), suprascapular vein (SSV) or subclavian vein (SCV),
collateral vascular flow, and retention of peripheral vas-
cular flow were evaluated as important factors directly
affecting vascular flow.

At our institute, time to treatment from implantation of a
CVAS is usually just 2 days. This made it difficuit to
perform DUS prior to initiation of treatment and we could
not delay treatment for that purpose in the patients enrolled
in this study. Therefore, as a subordinate examination,
we performed additional pre-treatment DUS between

L7}
$,& Humana Press

\

p
(icmaten )=+ pUS
Bev PN 4 after
+ |=>| pus e,
Chemo before = No ( l
":]:ifll;d ‘ findings l"'> Observation

Fig. 1 Timing of DUS: study schema

implantation of the CVAS and induction of bev in those
patients who consented to the procedure.

Patients

All the patients conformed to the following criteria: histo-
logically confirmed colorectal cancer; advanced metastatic
colorectal cancer; age < 70 years; Eastern Cooperative
Oncology Group performance status of 0, 1, or 2; no history
of thromboembolic events; no prior use of bev; no increased
risk factors for bleeding; hypertension, if present, controlled
with a single agent.

All the patients received the initial cycle of treatment
when they were in the hospital, and additional treatment
cycles at an ambulatory center. Complete blood count,
international normalized ratio (INR), and p-dimer were
measured biweekly or before treatment in all the patients.
Deficiencies of protein C, protein S, and antithrombin III as
congenital risk factors for thrombosis were examined, as
well as the presence of acquired risk factors before initial
bev administration.

Chemotherapy treatment

Treatment regimens were as follows: FOLFOX-4 + bev
(biweekly cycles of 85-mg/m? intravenous oxaliplatin for
2 h on day 1 plus 100-mg/m* L-leucovorin (L-LV) for 2 h
and 400-mg/m? bolus 5-FU, followed by a 22-h infusion of
600 mg/m> 5-FU on days 1 and 2, plus 5-10-mg/kg bev on
day 1 every 2 weeks); or S5-mg/kg FOLFIRI + bev
(biweekly cycles of 150-mg/m? intravenous irinotecan for
1.5 h on day 1 plus 200-mg/m? L-LV for 2 h and 400-mg/
m? bolus 5-FU, followed by a 46-h infusion of 1200 mg/m>
5-FU on days 1 and 2 plus 5-mg/kg bev on day 1 every
2 weeks). Treatment continued until progression, unman-
ageable toxic effects, or patient refusal. Antiemetic agents
were provided at the discretion of the treating physician.
No prophylactic use of colony-stimulating factor was per-
mitted. No anticoagulant therapy before initial evaluation
by DUS was permitted. If an asymptomatic thrombus that
could potentially cause a PE was identified on DUS, anti-
coagulant therapy was permitted. The anticoagulant treat-
ment regimen was at the discretion of the physician.
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Evaluation of toxicity and efficacy

Patient data were recorded and reviewed on electronic
clinical records. Adverse effects were graded in all the
patients biweekly or before treatment using the National
Cancer Institute Common Toxicity Criteria, version 3.0.
Cancer response was assessed every 12 weeks using com-
puted tomography according to the response evaluation
criteria for solid tumors. Data on toxicity and tumor eval-
uation were analyzed using electronic medical records and
by examination of films of each patient. A radiologist
examined the films and made an assessment of status, and
the evaluations were recorded in electronic medical records.

Differences in baseline characteristics and clinical fea-
tures between patients with and without catheter-related
thrombosis were analyzed. We used the Chi-square test
(without the Yates correction) and Fisher’s exact proba-
bility test for categorical comparisons of data. Differences
in the means of continuous measurements were tested by
the Student’s 7 test and checked by Mann—Whitney U test.
Quantitative variables such as time between two points
were summarized using medians. A two-way repeated-
measures analysis of variance was used to evaluate dif-
ferences between sequential continuous variables. A P
value of <0.05 was considered significant.

Results
Characteristics of patients

Forty-one patients were enrolled in the study. The baseline
characteristics of the patients are shown in Table 1. Median
follow-up time from the date of initial bev administration
was 484 days (range 72574 days). Eight patients (19.5%)
received an antihypertensive agent at baseline. In addition,
no congenital factors for thrombosis were seen, but anti-
cardiolipin antibody IgG and lupus anticoagulant were
observed in 5 (12.2%) and 1 (2.4%) patients, respectively.

Effectiveness of DUS

The results of DUS are shown in Table 2. Catheter-related
thrombosis was observed on initial DUS in 22 patients
(53.7%), including both asymptomatic (n = 21 [51.2%])
and symptomatic (n = 1 [2.4%]) thrombi. No thrombus
formation was detected in 19 patients (46.3%). Twenty-two
patients received a follow-up DUS, one of whom received
anticoagulant therapy after initial DUS. Thrombi disap-
peared completely in 3 (13.6%) of these 22 patients with-
out anticoagulant therapy.

Comparisons of initial and follow-up DUS findings in
asymptomatic thrombi are shown in Table 3. In 21 patients

Table 1 Baseline characteristics of patients (N = 41)

Characteristics N (%)
Sex: male/female 17/24
Mean age (range), years 58.4 (16-69)
Chemotherapy regimen
FOLFOX4 + bev 5 mg/kg 28 (68.3)
FOLFOX4 + bev 10 mg/kg 124
FOLFIRI 4 bev 5 mg/kg 12 (29.3)
ECOG performance status
0 39 (95.1)
1 249
Treatment set as systemic chemotherapy for metastatic disease
First-line 28 (68.3)
Second-line 13 31.7)
Prior adjuvant fluorouracil 5(122)
No. of involved organs
1 16 (39)
2 19 (46.3)
3 5(12.2)
4 1(2.4)
Sites of metastases
Liver 19 (46.3)
Lung 20 (48.8)
Peritoneum 8 (19.5)
Nodes 17 (41.5)
Local recurrence 7(17.1)
Bone 1(2.4)
Previous history/complication
Thromboembolic events 0
Hypertension 8 (19.5)
Diabetes 24.9)
Hyperlipidemia 124
Hyperuricemia 124
Liver function failure 1(2.4)
Congenital risk factors
Protein C deficiency 0
Protein S deficiency 0
Antithrombin [ deficiency 0
Acquired risk factors
Anticardiolipin antibody IgG 5122)
Anticardiolipin antibody f2-glycoprotein 1 0
Lupus anticoagulants 124

Bev bevacizumab, ECOG Eastern Cooperative Oncology Group,
INR international normalized ratio, CRP C-reactive protein, IgG
immunoglobulin G

with asymptomatic thrombi, none of the thrombi extended
to the superior vena cava, and complete disappearance was
seen in 3. Thrombus size was <20 mm in 16 patients
(76.2%) on initial DUS, compared to in 16 patients (76.2%)
on follow-up DUS. Decreased vascular flow was observed
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Table 2 Results of DUS (N = 41)

Median length, days (range)

IP-CVAS—induction of bev 7 (2-695)

IP-CVAS—initial DUS 18 (7-700)

Induction of bev—initial DUS 7 (4-14)

Induction of bev—follow-up DUS 35 (14-49)
Results of initial DUS, n (%)

Thrombus formation 22 (53.7)
Symptomatic thrombosis 124)
Asymptomatic thrombosis 21 (51.2)

No thrombus formation 19 (46.3)

Results of follow-up DUS (n = 22), n (%)
Thrombus formation 19 (86.4)
No thrombus formation (disappeared) 3 (13.6)

IP-CVAS implantation of central venous access system, bev
bevacizumab

in 3 patients (14.3%) on initial DUS that showed no pro-
gression on follow-up DUS; however, another 2 patients in
whom adequate vascular flow was detected on initial DUS
showed decreased vascular flow on follow-up DUS. We
defined overall improvement as at least one improved
finding without progression in location, maximum size, or
(collateral) vascular flow and progression as at least one
progressed finding; those fitting neither category were
defined as the remainder. Overall, thrombi improved or
remained stable in 17 patients (81%), and progressed
without symptoms in 4 patients (19%). Correlations
between vascular flow and other findings are shown in
Table 4. Incidence of thrombi extending into the junction
of the SCV, ECV, and SSV was significantly higher in
patients with inadequate vascular flow than in patients with
adequate vascular flow on initial DUS (66.7 vs. 5.6%,
respectively; P = 0.0414) and on follow-up DUS (80 vs.
0%, respectively; P = 0.0016).

Symptomatic thrombosis was revealed on DUS in 1
patient (a DUS image with a diagram is shown in Fig. 2).
This thrombus extended into the superior vena cava, was
>40 mm in diameter, and resulted in decreased vascular
flow. This patient received anticoagulant therapy after
initial DUS and re-started bev after a follow-up DUS
revealed that the thrombus had not progressed.

Characteristics of patients with and without thrombi are
shown in Table 5. Median follow-up time from date of
initial bev administration was 518 days (range 232-
574 days) and 487 days (72-559), respectively, in these
patients. No significant difference was observed in per-
formance status or age. Presence of acquired risk factors
showed no effect on thrombus formation or outcome in
patients with asymptomatic thrombus. Incidence of
thrombus formation was significantly higher in the FOL-
FOX + bev treatment group than in the FOLFIRI + bev
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group (P = 0.0047). Median length of time between
implantation of CVAS and induction of bev was signifi-
cantly shorter in patients with thrombus formation than in
patients without thrombus formation (5 vs. 107.5 days,
respectively; P = 0.0048). Similarly, median length of
time between implantation of CVAS and initial DUS was
significantly shorter in patients with thrombus formation
than in patients without thrombus formation (13.5 vs.
116 days, respectively; P = 0.0059). In further follow-up
after completion of the protocol, 1 patient in whom no
thrombus was detected in the planned DUS experienced
asymptomatic thrombosis of the inferior vena cava during
the 12th cycle. However, we were able to continue FOL-
FOX in this patient without bev using warfarin.

A comparison of patients with improved thrombus
findings on follow-up DUS (n = 5) with those showing
thrombus progression (n = 4) revealed that median follow-
up time from date of initial bev administration was
505 days (range 446-563 days) and 395.5 days (range
256-484 days), respectively. No significant differences
were observed in findings on initial DUS, median time to
induction of bev from implantation of CVAS (5 vs. 6 days;
P = 0.9004), or laboratory data between the two groups.
The results of a two-way repeated-measures analysis of
variance to evaluate differences between sequential con-
tinuous variables such as platelet count, INR, and p-dimer
showed no significant differences. Changes in thrombus
size, as well as decreased vascular flow, were mainly
related to outcomes of thrombus on initial DUS. However,
two patients showing thrombus progression developed
pulmonary embolism requiring urgent treatment with a
thrombolytic agent followed by warfarin, after which, they
were able to continue with FOLFOX without bev until
progression of disease. None of the patients experienced
sequelae, including post-thrombotic syndrome, and there
were no deaths related to thromboembolic events or anti-
coagulant therapy.

Discussion

In this study, we assessed the effectiveness of DUS in the
early identification of catheter-related thrombosis and
variations in asymptomatic venous thrombosis under use of
bev.

According to the American Society of Clinical Oncol-
ogy {14], the presence of a central venous catheter is a risk
factor for VTE in cancer patients. Active chemotherapy
{15, 16] and antiangiogenic therapy [2, 3] also carry risk of
VTE. With the newer antiangiogenic agents, the use of a
prophylaxis for VTE is controversial {2, 3, 17, 18].

Although a CVAS makes it easier to administer che-
motherapy in ambulatory patients, its use is associated with
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Table 3 Findings associated
with asymptomatic thrombosis
(n =21)

* QOverall improvement was
defined as at least one improved
finding without progression in
location, maximum size, or
(collateral) vascular flow and
progression as at least one
progressed finding; those fitting

Findings Initial DUS Follow-up DUS
Location, n (%)
Distal (not extended to SVC) 21 (100) 18 (85.7)
Central (extended to SVC) 0 0

Comparison
Maximum size, n (%)
0—<10 mm
10-<20 mm
20~-<30 mm
>30 mm

Comparison

neither category were defined as
the remainder. One patient

receiving anticoagulant therapy Vascular flow, n (%)

after initial DUS showed a Adequate

thrombus 45 mm in diameter Inadequate

that developed into the .
Comparison

brachiocephalic vein; no
progression was noted. One
patient with thrombus
progression experienced a
symptomatic pulmonary
embolism after the sixth cycle,
and one progressed patient
experienced an asymptomatic
pulmonary embolism after the
sixth cycle

Collateral vascular flow, n (%)
Adequately increased
Inadequately increased

Comparison

Overall evaluation®

SVC superior vena cava

Improved (disappeared) in 3 patients (14.3)

14 (66.7) 12 (57.1)
2 (9.5) 4 (19)
3(14.3) 3 (14.3)
2 (9.5) 2(9.5)

Improved in 5 patients (23.8) (disappeared in 3 and reduced in 2)
Progressed in 4 patients (19)

18 (85.7) 13 (61.9)
3(14.3) 5(23.8)
Improved in 3 patients (14.3)

Progressed in 2 patients (9.5)

2 (9.5) 2(9.5)
148 3 (14.3)

Progressed in 2 patients (9.5)
Improved in S patients (23.8)
Stable in 12 patients (57.1)

Progressed in 4 patients (19)

Table 4 Correlation between vascular flow and other findings of asymptomatic thrombosis (1 = 21)

Findings on DUS Initial DUS (n = 21)

Follow-up DUS (n = 18)

Adequate (n = 18)

Inadequate (n = 3)

Adequate (n = 13) Inadequate (n = 5)

Location, n (%)

SCV-ECV-SSV junction® 1(5.6) 2 (66.7) 0 4 (80)
P value 0.0414 0.0016
‘Maximum size, n (%)

<30 mm 18(100) 1(333) 13 (100) 3 (60)

>30 mm 0 2 (66.7) 0 2 (40)
P value 0.0143 0.0654

* Thrombi extended into junction of SCV, ECV, and SSV in two inadequate patients at initial DUS; both thrombi sizes were >30 mm
DUS Doppler ultrasound imaging, SCV subclavian vein, ECV external jugular vein, SSV suprascapular vein, N.A not applicable

an increased risk for VTE and PE [8-10]. According to a
review by Vescia et al. [19], the incidence of catheter-
related thrombosis varied from 12 to 64% in four retro-
spective studies [20-24]. In a recent prospective trial using
phlebography in patients with a CVAS, Verso et al. [25]
found that the incidence of thrombosis in two groups
receiving low molecular weight heparin (LMWH) or pla-
cebo for 6 weeks was 14.1 and 18%, respectively (95% CI
0.47-1.31; P = 035), with symptomatic upper limb
thrombosis seen only in 1.0% of the LMWH group and
3.1% of the placebo group (hazard ratio 0.32; 95% C10.07-

1.66). In another trial by Couban et al. [12], the rate of
symptomatic thrombosis in a group received 1-mg warfarin
for 9 weeks was 4.6% when compared with 4.0% in the
placebo group (hazard ratio 1.20; 95% CI 0.37-3.94).

We summarized thromboembolic events reported in
nine pivotal studies of bev plus chemotherapy [1-4, 17, 18,
26-28]. According to the results, the incidence of throm-
boembolism ranged from 3 to 26% in these studies, and PE
was reported in 1-4% of cases. Prophylactic anticoagulant
treatment was not permitted in any study, except for
maintenance of CVAS in four studies {1, 2, 4, 18].
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Fig. 2 Findings of DUS image
and illustration in symptomatic
case. This thrombus (Th)
extended into superior vena
cava (SVC) through
brachiocephalic vein (BCV),
was >40 mm in diameter, and
resulted in clearly decreased
vascular flow

ECV

Table 5 Comparison between

. : . With thrombus Without thrombus P value
patients with anq without o =22) (n = 19)
thrombus formation
Sex: male/female 9/13 8/11 >0.9999
Mean age (range), years 62 (16-69) 60.1 (47-69) 0.9896
ECOG performance status, n (%)
0 22 (100) 17 (89.5) 0.2308
L 0 2 (10.5)
Chemotherapy regimen, n (%)
FOLFOX4 4+ bev 20 (90.9) 9 (474) 0.0047
FOLFIRI + bev 2(9.D 10 (52.6)
Prior treatment, n (%)
FOLFOX 2 (9.1 10 (52.6) 0.0047
Hepatic arterial infusion 3 (13.6) 4 (21.1) 0.6847
Radiation 3 (13.6) 0 0.2354
No. of involved organs, n (%)
1721314 10/10/2/0 6/9/3/1 0.3899
>3 209.) 4 (21.D
Baseline laboratory data, mean + SD
Platelets (x10* pl) 22.6 + 5.68 18.89 + 6.84 0.0652
INR 1.05 £ 0.49 1.05 + 0.12 0.9811
p-dimer [.15 £ 1.52 1.21 £ 0.83 -
ECOG Eastern Cooperative Acquired risk factors, n (%)
Oncology Group, bf:\' ) Anticardiolipin antibody IgG 3 (13.6) 2 (10.5) >0.9999
Ezgc;ﬁzga?;tfzﬁ;?ga?ona] L}lpus anticoagulants 14.5) 0 >0.9999
implantation of central venous Median length (range), n (%)
access system, DUS Doppler IP-CVAS—induction of bev 5 days (2-252) 107.5 days (2-695) 0.0048
ultrasound imaging, SD IP-CVAS—initial DUS 13.5 days (7-259) 116 days (7-700) - 0.0059

standard deviation

According to these studies, the incidence of thromboem-
bolic events was not high and routine prophylactic anti-
coagulant treatment for thromboembolism did not appear
necessary.

Patient characteristics in our study were similar to those
in previous reports, and no specific characteristics related
to thrombus formation were seen. However, we observed a
higher rate of thrombi than expected using DUS and almost
all of them were asymptomatic. Indeed, this study was
designed to detect diagnostic findings, not clinical findings.
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This study had a number of limitations. First, there was
no control population (with no administration of bev). In
other words, thromboembolic events may have been due to
prior chemotherapy rather than bev, as only small doses of
bev had been given at first screening. Second, the study
protocol did not provide true baseline DUS at pre-treatment,
as the time to treatment from implantation of the CVAS was
usually just 2 days or more. Therefore, it was difficult to
establish whether there was a correlation between the
treatment drugs and catheter-related thrombosis, or when
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