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as breast, prostate, cervix, and liver cancer cells (22, 23). Inter-
ference with AR production by specific antisense smail
interfering RNAs or neutralizing antibodies reduced ceil
proliferation (24) and reversed many of the neoplastic
phenotypic traits of cancer cells in vitro, although the
expressions of other ligands of the EGFR were preserved in
these cells (21, 25, 26). In ~50% of human primary colon
carcinomas, AR was overexpressed (27). These reports suggest
that AR is an important ligand for EGFR in colon cancer cell
transformation.

Zvibel et al. (28) showed that site-specific metastasis was
determined by the extracellular matrix of the colonized organ,
whereas AR at the secondary colonization site was induced
by typical liver-matrix components and stimulated cancer cell
proliferation. Under certain conditions, hepatocyte-derived
extracellular matrix stimulated the proliferation of colon cancer
celis via the induction of AR. Thus, we supposed that AR-
positive cells had a strong affinity with the liver, explaining

;AR exvressicn was reizied !¢ 'iver metastasis and why
“Reposicve cancer ceds were Ticre Teguentlv observed in
"\ovsraw lesion of the l‘ver than in the primary jesion.
s ndicxtel inar Cisease-itee survivai anc hepatic
:aus-free surtive! were reizied 16 teth venous invasion
and AR expression in the primary iesion (Fig. 3). These results
might depend on 12e maiignant behavior of AR, as mentioned
zbove.

Previcus reperts showed that the coexpression of EGFR and
c-erbB-2 protein may be related to the distant metastasis of
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- colon cancer (29-32). In the present study, a relationship

between malignant behavior and the coexpression of EGFR,
HER2, and/or AR in colorectal cancer could not be shown.
The low immunoreactivity for EGFR (12.3%) and HER2
{4.7%) in this study might explain the above result. Generally,
immunoreactivity depends on the fixation time or the storage
time of the archived tissue sections, especially when testing
colorectal adenocarcinomas for EGFR expression using the
DakoCytomation EGFRpharmDX or breast cancer using the
Herceptest. The evaluation of EGFR expression is also depen-
dent on the storage time of archived tissue sections, especially
with colorectal adenocarcinomas. The tissue sections should
be tested within 9 months to avoid false-negative results
(1, 33, 34).

This study is the first report revealing that AR expression in
primary lesions of colorectal cancer is significantly correlated
with liver metastasis. We conclude that AR expression in
colorectal cancer is an imponant predictive marker for liver
metastases.
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Abstract

Background: Patients undergoing a curative rectal cancer
resection have a risk of developing locoregional recurrence,
A curative resection for local recurrence is the option of im-
provement in prognosis. However, a curative resection is
sometimes too invasive and should be considered in select-
ed patients. Methods: A total of 43 patients with locally re-
current rectal cancer who had been treated by operation be-
tween 1989 and 2007 were retrospectively reviewed and the
factors, including doubling time of carcinoembryonic anti-
gen (CEA-dt), were analyzed. Results: The 5-year overall sur-
vival rate after the operation for local recurrence was 50.8%.
Gender, presence of distant metastasis, tumor size, CEA-dt
and curability were found to be significant prognostic fac-
tors. A multivariate analysis demonstrated the presence of
distant metastasis, CEA-dt and tumor size to be significant
prognostic factors for overall survival. The 5-year overall sur-
vival rates of patients with a CEA-dt =150 days and a tumor
size <5 cm were 76.9%. Conclusions: The tumor size and
CEA-dt were useful prognostic factors that were recogniz-

able before surgery. Patients with locally recurrent rectal

cancer with a CEA-dt =150 days and a recurrent tumor size

<5 c¢m are considered to be good candidates for surgery.
Copyright © 2008 S. Karger AG, Basel

Introduction

Patients undergoing a potentially curative rectal can-
cer resection have a risk of up to 35% of developing a lo-
coregional recurrence, with 30-50% of these occurring in
the absence of distant metastasis [1-7]. Locally recurrent
rectal cancer is associated with a poor prognosis. Without
treatment, patients with recurrent rectal cancer have a
short life expectancy, a median survival of 3.5-11 months
[1, 8, 9], and tend to experience unpleasant symptoms
such as pain and bleeding. Considerable variations have
been reported in the effect of treatment for local recur-
rence. The 5-year survival rates vary between 0 and 81%
for patients treated with a curative approach [10-13]. Ra-
diotherapy, either alone or in combination with chemo-
therapy, allows symptomatic improvement in most pa-
tients, but the 5-year survival is usually less than 5% [14].

A surgical resection of recurrent cancer is performed
both to avert the morbidity of local tumor growth and
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prolong survival. Generally, a radical resection of the lo-
cally recurrent tumor is the only option that offers a sig-
nificant improvement in prognosis [9, 11, 15, 16]. How-
ever, a radical resection, which may involve total pelvic
exenteration and/or distal sacrectomy, is sometimes too
invasive. The quality of life sometimes dramatically de-
teriorates due to the postoperative complications and af-
tereffects such as pain, difficulty in walking, infection
and double stoma due to urinary tract diversion. The
prognosis of noncurative surgical cases is as poor as that
of inoperable cases [3]. Therefore, these invasive proce-
dures should only be considered in carefully selected pa-
tients. Although significant prognostic factors influenc-
ing the outcome of surgery for local recurrence have been
identified, such as postoperative tumor marker levels and
pathological curativity of surgical margins [17, 18], rec-
ognizable factors after surgery are not useful in deter-
mining the indications for surgery. As a result, factors
which can be found preoperatively must be identified.

Tumor growth rate plays an important role in the
prognosis of patients with cancer. Collins et al. [19] intro-
duced the concept that malignant tumor growth in hu-
mans was exponential, and that the rate of growth could
be described by the tumor doubling time. Tanaka et al.
[20] reported that the tumor doubling time of a liver me-
tastasis from colorectal cancer was the most reliable risk
factor for postoperative recurrence in the remnant liver
and poor prognosis. Staab et al. [21] stated that doubling
time of carcinoembryonic antigen (CEA-dt) was strongly
correlated with tumor doubling time. Koga et al. [22] re-
ported that CEA-dt is a prognostic factor after a hepatec-
tomy of liver metastasis from colorectal cancer. However,
there have been no reports addressing the prognostic fac-
tors including CEA-dt after a surgical resection of locally
recurrent rectal cancer.

In this study, patients with locally recurrent rectal
cancer were retrospectively reviewed, and the factors as-
sociated with their prognosis, including the CEA-dt, were
analyzed.

Patients and Methods

A total of 43 patients with locally recurrent rectal cancer were
treated by operation in this surgical department in the period be-
tween January 1989 and January 2007. Local recurrence was de-
fined as any tumor recurrence in the pelvis or perineum with or
without distant metastasis. Distant metastasis was defined as any
tumor recurrence outside the pelvis, including multiple metasta-
ses to the abdominal cavity, liver, lung, brain or bone.

The CEA-dt was calculated using the following equation:
CEA-dt = Atlog2/(logC2 - logC1), where At is the CEA measured

320 Dig Surg 2008;25:319-324

Table 1. Characteristics of patients

n
Primary lesion
pTNM (stage I/II/III/IV/unknown) 5/11/24/3
Histological differentiation

(well/mod./muc./unknown) 17/18/4/4
Adjuvant therapy (done/not done) 30/13
Local recurrence lesion
Gender (male/female) 23/20
Age (<60/260 years) 20/23
Distant metastasis (+/-) 8/35
DFI (<2/22 years) 17126
Size (<5/25 cm) 24/19
CEA-dt (<150/2150 days) 17/21
Curability {curative/noncurative + palliative) 27/16
Preoperative therapy (done/not done) 6/37
Postoperative therapy (done/not done) 32/11

Well = Well-difterentiated adenocarcinoma; mod. = moder-
ately differentiated adenocarcinoma; muc. = mucinous adenocar-
cinoma; DFI = disease-free interval.

between 2 voluntary points, Cl is the value of CEA measured the
first time and C2 the value measured the second time [22].

The clinicopathological and postoperative follow-up data
were also retrospectively collected from the ongoing database in
this hospital. Follow-up data were available for all cases. A cura-
tive resection was defined as no residual cancer at the local site
after surgery even if distant metastasis was found. The overall
survival period was defined as the period between surgery for lo-
cal recurrence and cancer- or surgery-related death. The postop-
erative overall survival rates were calculated using the Kaplan-
Meier method and then compared using the log rank test. A Cox
proportional hazards model was used to assess the risk ratio un-
der the simultaneous contribution of several covariates.

The differences in each group were analyzed by the x? or Fish-
er’s exact test. The statistical analysis was performed using the
Statview software program (version 5.0; SAS Institute Inc., Cary,
N.C., USA). p < 0.05 was considered to be statistically significant.
This study was approved by the Human Ethics Review Commit-
tee of the Osaka Medical Center for Cancer and Cardiovascular
Diseases.

Results

Factors Associated with Primary Surgery

The characteristics of the 43 patients are summarized
in table 1. The procedures employed for the primary tu-
mor included a sphincter-preserving operation in 21 cas-
es, an abdominoperineal resection in 18 cases and a local
excision in 4 cases. All cases were pathologically diag-
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nosed to have adenocarcinoma. None of the patients re-
ceived neoadjuvant therapy. Overall, 30 patients received
prior adjuvant chemotherapy consisting of 5-fluorouracil
and its derivatives for their primary tumor.

Factors Associated with Surgery for Local Recurrence

There were 23 men and 20 women, and their median
age was 58.6 years (range 32-80). The procedures em-
ployed for the local recurrences were a pelvic exentera-
tion in 17 cases, an abdominoperineal resection in 8 cas-
es, a wide local resection in 4 cases and a low anterior
resection in 6 cases. Of the 43 patients, 8 were found to
have evidence of extrapelvic disease during an evalua-
tion just before or at the time of surgery for recurrence (3
liver, 3 lung, 2 peritoneal dissemination). Eight patients
underwent surgery with a curative intent and, as a result,
3 patients received a palliative operation (2 bowel bypass,
1 colostomy), while the other 5 patients received either a
curative or noncurative operation. The mean interval be-
tween surgery for the primary tumor and the diagnosis
of the local recurrence (disease-free interval) was 26.3
months (2.7-99.8). Local recurrences were diagnosed
within 3 years in 33 patients (76.7%). Of the 43 patients,
27 (62.8%) received a pathologically curative resection, 8
(18.6%) received a noncurative resection because of gross
or microscopic residual cancer cells, and 8 (18.6%) re-
ceived only a palliative operation (2 diagnostic laparoto-
my, 3 bowel bypass, 2 colostomy, 1 other). No patients
died of postoperative complications. Six patients received
neoadjuvant therapy for a local recurrence. Thirty-two
patients received postoperative chemotherapy and/or ra-
diotherapy for local recurrence. The follow-up was com-
plete for all patients. The median postoperative follow-
up period for all patients was 44 months (range 0.9-
146).

Outcome after Surgery

The 3- and 5-year overall survival rates after the op-
eration for local recurrence were 54.7 and 50.8%, respec-
tively (fig. 1). Table 2 shows a summary of the prognostic
univariate analysis using various tumor-related variables
on overall survival after the surgery for the local recur-
rence. Gender (male vs. female: p = 0.0079), recurrence
pattern (local recurrence with distant metastasis versus
local recurrence without distant metastasis: p = 0.0041),
tumor size (<5 vs. =5 cm: p <0.0001), CEA-dt (<150 vs.
=150 days: p = 0.0081) and curability (curative vs. non-
curative and palliative: p = 0.0025) were found to be sig-
nificant prognostic factors. Disease-free interval was not
a significant factor. Neoadjuvant and adjuvant therapy

Doubling Time of CEA for Locally
Recurrent Rectal Cancer
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Fig. 1. The overall survival rate of patients with locally recurrent
rectal cancer.

Table 2. Univariate analysis of the prognostic factors for overall
survival

p
Gender (male/female) 0.0079
Distant metastasis (+/-) 0.0041
DFI (<2/22 years) 0.6454
Size of local recurrence lesion (<5/>5 cm) <0.0001
CEA-dt (<150/2150 days) 0.0081
Curability (curative/noncurative + palliative) 0.0025
Preoperative therapy for local recurrence

(done/not done) _ 0.4579
Postoperative therapy for local recurrence

(done/not done) 0.2354

DFI = Disease-free interval.

did not influence survival. In addition, a multivariate
analysis was conducted by using preoperatively recog-
nized factors (gender, presence of distant metastasis, tu-
mor size and CEA-dt). The multivariate analysis demon-
strated the presence of distant metastasis, CEA-dt and
tumor size to be significant prognostic factors for overall
survival (table 3). The 3-year overall survival rates of pa-
tients with distant metastasis (n = 8) and patients without
distant metastasis (n = 35) were 14.3 and 64.6%, respec-
tively (p = 0.0041). There was only 1 patient with distant
metastasis surviving more than 3 years. Next, the pa-
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Table 3. Multivariate analysis of the
prognostic factors for overall survival

OR 95% CI p
Gender (female/male) 0.282 0.078-1.121 0.0735
Distant metastasis (+/-) 4,242 1.305-13.790 0.0163
CEA-dt (2150/<150 days) 0.268 0.084-0.861 0.0270
Size of local recurrence lesion (=5/<5 cm) 9.850 2.504-38.742 0.0011

OR = Odds ratio; 95% CI = 95% confidence interval.

109 . p = 0.0007 (log rank test)
9
08+ K CEA-dt =150 days and tumor size <5 cm
(n=18)
&
© 0.6 .
= |
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Time after surgery (months)

Fig. 2. The overall survival rate of patients with a CEA-dt of =150
days and tumor size of <5 cm (solid line) in comparison to that of
patients with a CEA-dt of <150 days and/or tumor size of =5 cm
(dotted line).

tients were divided into 2 groups based on the CEA-dt
and tumor size. When the CEA-dt was =150 days and
recurrent tumor size was <5 cm (n = 18), the 3- and 5-year
overall survival rates of patients after the resection were
both 86.3% (fig. 2). On the contrary, when the CEA-dt
was <150 days and/or the recurrent tumor was =5 cm in
diameter (n = 25), the 3- and 5-year overall survival rates
of patients after the resection were 30.3 and 24.2%, re-
spectively (p = 0.0007).

There were 6 cases of distant metastasis alone and 8
cases of local recurrence with or without distant metas-
tasis even after a curative operation for local recurrence.
In addition, there were 13 cases (48.1%) without recur-
rence.

322 Dig Surg 2008;25:319-324

Discussion

A number of prognostic factors affecting survival af-
ter a surgical resection of a local recurrence of rectal can-
cer have been reported by many investigators, including
maximum tumor size [17], interval between the primary
surgery and surgery for recurrence [23], curability of the
surgery for recurrence [24, 25], procedure of primary sur-
gery [26, 27], absence of severe symptoms (28], fixity of
the recurrent tumor [28], gender [29] and the preopera-
tive serum CEA level [11, 27, 30]. However, the survival in
relation to the prognostic factors varied among the insti-
tutions, and the factors which are the best indicators for
a surgical resection remain unclear.

The tumor doubling time was initially reported as a
way to estimate when pulmonary metastasis from colo-
rectal cancer might become apparent, with a short tumor
doubling time thus indicating a rapid tumor growth [19].
Thereafter, serum CEA-dt level was also reported to
strongly correlate with the survival of patients with re-
current colorectal cancer [21]. Onodera et al. [31] report-
ed that CEA-dt reflects the rate of growth and is the most
powerful determinant, while it also correlates with sur-
vival, more closely than the CEA level. In this study, a
CEA-dt cutoff point of 150 days was used because the
median value of CEA-dt was 158 days (mean 343 days;
range 28.8-2,453). The CEA-dt was selected as an inde-
pendent prognostic factor, presumably because a short
CEA-dt may reflect adverse tumor characteristics includ-
ing a high potential for spread.

The tumor size as a prognostic factor still remains
controversial. Cunningham et al. [32] demonstrated that
tumor size is not statistically related to survival. Gagliar-
di et al. [17] reported that the recurrent tumor diameter
(5 cm) was the only independent prognostic factor. In this
study, the mean of tumor diameter was 4.6 cm and we
used 5 cm as the cutoffline. A tumor diameter <5 cm was
determined to be an independent prognostic factor, and
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the tumor diameter may thus reflect the curability of a
resection. ,

The presence of distant metastases at the time of sur-
gery for local recurrence remains an unresolved problem.
Most reports consider distant metastases to be a criterion
for excluding the resectability of recurrent tumors. How-
ever, Hashiguchi et al. [33] analyzed the presence of dis-
tant metastases at the time of resection of a local recur-
rence and did not find any statistical significance, sug-
gesting that not even the intraoperative discovery of a
liver metastasis should be considered a contraindication
to surgery for a local recurrence. Gagliardi et al. {17]
showed that resection of metastases at the time of the re-
currence excision is an independent prognostic factor.
Based on this result, no surgical limitation is presented
by the presence of distant metastases. The current study
revealed distant metastasis to be an independent prog-
nostic factor according to a multivariate analysis. How-
ever, 1 patient with distant metastasis whose CEA-dt was
523 days received an operation for distant metastasis and
local recurrence at the same time and is presently alive
without recurrence for 75 months. This may be due to a
slow rate of tumor progression. The prognosis of patients
with distant metastasis is not always poor, and surgery
for those patients may be considered when the distant
metastasis can be controlled and the CEA-dt is long.

Considering the results of this study, patients with lo-
cally recurrent rectal cancer should therefore receive a
surgical resection when the CEA-dt is =150 days and re-
current tumor is <5 cm in diameter. In contrast, patients
with locally recurrent rectal cancer with either distant
metastasis or with a CEA-dt of <150 days and/or recur-
rent tumor measuring =5 cm in diameter may undergo
neoadjuvant and/or adjuvant therapy, because surgery
alone does not result in a good prognosis. Even after a
curative operation, 8 of 27 cases developed local recur-
rences. This result suggests that local control for local re-
currence is difficult. A true curative surgical approach
can be obtained only when the microscopic margins are
negative. A pathologically true negative margin can be
achieved in about 45% of cases, ranging from 10 to 67%
[34]. In the current study, 27 of 43 patients (62.8%) re-
ceived a pathologically curative resection. The involve-
ment of the pelvic side wall and/or adjacent organs makes
a curative resection a very ambitious target. Preoperative
chemoradiation and intraoperative radiation may im-
prove local control and survival in patients with locally
recurrent disease with acceptable morbidity. Vermaas et
al. [35] reported that preoperative radiotherapy for recur-
rent rectal cancer results in a higher number of complete

Doubling Time of CEA for Locally
Recurrent Rectal Cancer

resections and improved local control in comparison to
patients treated without radiotherapy. High-dose rate in-
terstitial brachytherapy delivers high-dose, highly con-
trolled and focused radiation to specific sites of disease,

‘thereby minimizing the degree of injury to normal tis-

sues. It was reported that high-dose rate interstitial
brachytherapy was useful for increased local control, bet-
ter palliation and increased salvage of patients [36, 37].
Recently, carbon ion radiotherapy was reported to be ef-

_fective in terms of improved local control and less risk of

normal tissue damage in comparison to traditional ra-
diotherapy. Tsujii et al. [38] reported that the 3- and 5-
year overall survival rates of patients with locally recur-
rent rectal cancer treated by carbon ion radiotherapy
were 65% and 55%, respectively. The patients with unre-
sectable local recurrence may receive high-dose rate in-
terstitial brachytherapy or carbon ion radiotherapy. In
our study, there was no survival benefit with either neo-
adjuvant or adjuvant therapy. However, the regimen of
chemotherapy and the quality of radiation in this study
were different from the modalities we use today, and we
also could not deny the benefit of either neoadjuvant or
adjuvant therapy. However, due to the small number of
patients investigated in these studies and the short fol-
low-up, no definitive conclusions could be made.

Based on the findings of this study, the presence of
distant metastasis, tumor size and CEA-dt were all iden-
tified to be useful prognostic factors before surgery. Pa-
tients with locally recurrent rectal cancer with a CEA-dt
=150 days and a recurrent tumor measuring <5 cm in
diameter are therefore considered to be good candidates
for surgery.
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ABSTRACT

Background/Aims:; Thermal ablation (TA) thera-
pies such as microwave coagulation therapy (MCT)
and radiofrequency interstitial thermal ablation
(RFA) for colorectal metastasis to the liver cannot
always achieve a complete tumor cell death, and the
multiple insertions of the TA probe may lead to
intrahepatic dissemination and/or distant metasta-
sis.

Methodology: The achieved local control rate, any
recurrence in the residual liver, and any extrahep-
atic recurrence has been evaluated in 105 patients
who underwent hepatectomy and/or intraoperative
TA between 1994 and 2004.

Results: A total of 102 unresectable liver metastat-

ic lesions (mean size 21mm) were selectively treat-
ed with TA either as initial treatment (32 patients)
and/or as re-treatment (18 patients) for recurrence
in the residual liver, in combination with hepatecto-
my. Overall, TA achieved a high local tumor control
rate of 95%. Multivariate analysis revealed that ini-
tial-TA therapy was not a significant predictive fac-
tor of hepatic recurrence or any recurrence.
Conclusion: TA therapies in combination with
hepatectomy may offer increased resectability with-
out increased risk of intrahepatic dissemination or
extrahepatic recurrence for certain patients who
would otherwise be deemed inoperable, when rela-
tively small tumors are indicated for TA.

INTRODUCTION

The incidence of hepatic surgery for colorectal
metastasis has increased, with a reported 5-year-sur-
vival rate of 20-51%, if all the metastatic tumors can
be totally resected (1,2). On the other hand, when
unresectable hepatic metastases are involved, the
outcome can be quite poor. Unfortunately, only
approximately one third of patients with liver metas-
tases are candidates for surgery because of a variety
of factors including the anatomical distribution of the
metastases, proximity to major vascular structures,
and extrahepatic disease (3). Thermal ablation (TA)
therapies such as microwave coagulation therapy
(MCT) and radiofrequency interstitial thermal abla-
tion (RFA) are new techniques to increase the num-
ber of patients eligible for curative treatment.
Recently, TA has been used in association with hepa-
tectomy in patients that would not otherwise be indi-
cated for surgery (4-6). There is a group of patients
with multiple metastases who are deemed unre-
sectable due to only 1 or 2 of the metastases being
anatomically difficult to reach, situated either in the
proposed hepatic remnant or alongside a large vein.
Localized wedge resection of such tumors is not
always technically feasible, particularly if they are
deep within the hepatic parenchyma. If such lesions
can be treated by TA, then the tumor and remaining
metastases may be curatively resected. Repeat
hepatic resection for recurrent liver metastases after
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a first hepatic resection has also been reported in
selected patients as beneficial in terms of mortality,
morbidity, and survival (7,8). However, the indica-
tion for a repeat hepatic resection is much reduced
compared with that for a first hepatectomy because
of the severity of the factors mentioned above. TA
therapy may increase the overall number of patients
surgically-treated curatively, even in treatment for
recurrent tumors in the residual liver. Strategies
designed to increase the proportion of patients who
are candidates for complete surgical treatment of
liver metastases are now emerging.

We have employed intraoperative TA therapy
either with or without hepatic resection for totally
unresectable and relatively small colorectal metas-
tases to the liver to improve curability and survival,
and/or even for resectable metastases to reduce sur-
gical invasiveness since 1994. However, MCT and
RFA cannot always achieve a complete tumor cell
killing, resulting in recurrence at the site of ablated
lesion (9). Moreover, the multiple insertions of the TA
probe into a large metastatic tumor may lead to
intrahepatic dissemination and/or in distant metas-
tasis. Thus, it is important to know the capability of
TA to achieve local control and its influence to intra-
hepatic or extrahepatic recurrence, and survival, in
order to apply TA adequately to colorectal metastases
to the liver. In the present study, to clarify the abili-

ty of local control and the influence on intrahepatic
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Liver metastases from colorectal cancer (n=103)
Potentially curative procedure

Hepatectomy only (n=73)

—

No liver recurrence Liver recurrence

(n=42) {(n=31) (n=12)
Hepatectomy TA *Hepatectomy  Chemotherapy Hepatecto
(n=6) (n=10) (n=15) (n=2)

TA EHepatectomy (n=32)

b

No liver recurrence

FIGURE 1 Distribution of patient groups studied.
The TA therapy was performed as an initial
{reatment in 23 patients with hepatectomy and in 9
patients without hepatectomy, and as

secondary treatment against recurrent liver
metastases during follow-up after first treatment

in 11 patients without hepatectomy and in another
7 patients with hepatectomy.

Liver recurrence
(n=20)

my TA Hepatectomy
(n=8)

Chemotherapy
(n=10)

recurrence and distant metastasis of the intraopera-
tive TA therapy for relatively small metastases, the
data of patients who underwent intraoperative TA
therapy for colorectal metastases to the liver has
been reviewed.

METHODOLOGY

This study reviews the data from 105 patients
with colorectal metastases to the liver who under-
went open laparotomy with hepatectomy and/or TA,
between 1994 and 2004 at Kurume University Hos-
pital. The patients consisted of 72 males and 33
females, and the mean age of all patients was 61.5
years, with an age range from 30-83 years. A total of
42 patients were treated with MCT and/or RFA as an
initial treatment (32 patients) intraoperatively with
hepatectomy (23 patients) or without hepatectomy (9
patients) for liver metastases, and as re-treatment
for recurrent tumors in the residual liver (18
patients) with or without hepatectomy (Figure 1). A
total of 102 metastases were treated with 52 sessions
of TA. The mortality and morbidity rates in those
receiving TA therapy, the rate of local recurrence at
the treatment site, the disease-free survival rate, the
liver-disease-free survival rate, and the overall sur-
vival rate were evaluated.

All 105 patients had pathologic confirmation of
colorectal liver metastasis. Preoperative imaging
included chest radiograph or computed tomography
(CT) when indicated, as well das abdominopelvic
imaging with CT or magnetic resonance imaging
(MRD) in all patients. All patients underwent a base-
line evaluation, including a history and physical
examination; serum laboratory tests consisting of a
complete blood count, platelets, coagulation profile,
renal panel, liver functions, and carcinoembryonic
antigen (CEA). At 1 week after TA any complete
ablation was confirmed by dynamic CT. Follow-up
ultrasound (US), CT or MRI of the abdomen, chest
radiography, and CEA measurement were performed
at 1 month and then at every 3 months up to 2 years,
and then at every 6 months during the following
years after surgery.

All clinical and pathological data, including sex,
age, laterality and number of hepatic metastases, the

diameter of the hepatic metastases, type of hepatic
resection, involvement of any extra-hepatic metas-
tases, interval after initial treatment of the primary
colorectal lesion, TA therapy and the histopathologi-
cal findings of the primary colorectal tumor were
reviewed with regard to hepatic recurrence. The
median follow-up time after the initial hepatic treat-
ment for all patients was 47 months (range: 2-134
months).

MCT was performed using a microwave tissue
coagulator OT-110M (Nihon Shouji, Osaka, Japan)
for a total duration of 2-20 minutes at an output of 90
Watts for near-surface metastasis and of 60 Watts for
deeper metastasis. The needle electrode was inserted
several times into each target lesion under the guide
of ultrasonography, using a 5-MHz US probe (Toshi-
ba, Tokyo, Japan) directly on the surface of the liver
to monitor the coagulation of the lesion, until the
echogenecity of the tumor and its surrounding area
became high, which occurred due to water vapor gen-
erated by local heat. The tumors were treated one-by-
one until all the target lesions in the liver showed
coagulation.

RFA was performed using an RF 2000 generator
system (Boston Scientific-Japan, Tokyo, Japan) using
a 2-phase algorism. The RF 2000 system consists of a
generator that supplies up to 100 Watts of power, a
LeVeen monopolar array needle electrode, and indif-
ferent dispersive electrode pads applied to the
patient’s skin. The LeVeen needle electrode contains
multi-individual hook-shaped electrode arms that
are deployed in situ after ultrasound-guided place-
ment of the needle electrode into the liver tumor. The
initial power was set at 50 Watts, and was then
increased in 10-Watt increments at 1-minute inter-
vals. The power and tissue impedance were moni-
tored continuously from the RF generator until
power ‘roll-off occurred as a result of coagulative
necrosis of the tissue in the treatment field. After a
20-second pause, the power was reapplied at 75% of
the maximum power achieved until power roll-off
again occurred. When a lesion was larger than
25mm, then multiple insertions were performed to
achieve a complete ablation of the lesion including at
least a lcm margin zone of the surrounding liver
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Liver metastases

Age Sex Size™ Distribution® Synchronous* Extrahepatic
Treatment (years) (M/F) Number® (mm) (uni/bilateral) /metachronous Disease (%)
Hepatectomy-alone (n=73) 63+11 52/21 2.2+1.8 39425 56/17 37/36 11(15%)
Thermal ablation with or 59+11 20/ 12 4.0£2.56  28%11 10/ 22 24/8 7(22%)

without hepatectomy (n=32)

Data represent mean+SD for age, and number and maximum size of tumors.
" p<0.001; ™ p=0.016; *: p=0.031

parenchyma wherever possible. too deep within the hepatic parenchyma in 8 patients

Any statistically significant difference in clinico- (to reduce surgical invasiveness), high general risk for
pathological characteristics between groups was hepatectomy in 2 patients (to reduce surgical inva-
assessed using the chi-square test, Fisher's exact siveness), concomitant resection of the primary lesion
test, and Student’s ¢ test. The survival rates were cal-  in 1 patient (to reduce surgical invasiveness), extra-
culated by the Kaplan-Meier method. Any difference hepatic disease which needed to be resected in 2
in the survival rate between groups was evaluated patients (to allow low surgical invasiveness as a pri-
using the Log-rank test. The prognostic influence of ority over curability), patient’s choice in 2 patients,
each variable on hepatic recurrence was analyzed and combination of the above in the other 6 patients.
using Cox’s proportional hazards model for multi- Fjgure 2 shows the preoperative CT in a patient pre-

variate analysis. senting several reasons for the application of the TA

therapy. The number of liver metastases was 4.0£2.5
RESULTS in the Initial-TA Group, which was significantly high-
Background of the Patients and Ablated er (p<0.001) than 2.24+1.8 in the Hepatectomy-alone
Tumors Group. Also, the incidence of bilateral metastases was

The background of the patients in the Hepatecto- significantly higher (p=0.001) in the Initial-TA Group
my-alone Group (n=73) and in the TA Group (0=32) thap, in the Hepatectomy-alone Group. However, the
at the initial treatment for liver metastases are shown | . i00m size of metastases in the Initial-TA Group
in Table 1. The reasons for apply}'ng A Were  (98+11mm) was significantly smaller (p=0.016) than
anatomically unresectable metastases in 11 patients .4 i1 the Hepatectomy-alone Group (39+25mm).
(in order to increase resectability), metastases located The rate of synchronous liver metastasis in the TA
Group was significantly (p=0.031) higher than that in
the Hepatectomy-alone Group.

The initial-TA was MCT for 39 metastatic lesions
in 18 patients, and RFA for 27 lesions in 16 patients -
(both RFA and MCT were performed in 2 patients).
Follow-up TA as a repeat or re-repeat treatment for
recurrent liver metastases, was MCT for 20 metasta-
tic lesions in 11 patients, and RFA for 16 lesionsin 9. |
patients (both RFA and MCT were performed in 2 -
patients). The overall mean size of the ablated lesions .
was 21+10mm with a range from 12-40mm. Only 3 -
tumors were larger than 30mm in size. :

Preoperative CT

Mortality and Morbidity of Ablation Therapies :

In all 42 patients there was no mortality involv
ing 52 sessions of TA, including repeat and re-repea
TA for recurrent liver metastases. Also no hepatic
insufficiency, no renal insufficiency, and no coagu
lopathy developed in any patient after TA. Liver
abscess developed in 2 patients of those involving 58
metastatic lesions treated with MCT, and in
FIGURE 2 Pre- and post-operative CT scans. A 51-years old man presented rectal cancer patients of those involving 43 lesions treated with
associated with 5 synchronous liver metastases in the bifateral lobes. Low anterior resection RFA. One of the 2 patients with a liver abscess was
gnd hepatic wedge resection‘ of S1, 53 and S54-8 were pgﬁormed, and the qther 2 liver lesions associated with biliary fistula. All these compli
in S6 and S7 were freated with RFA (arrow). Total resection of the metastatic lesions was
thought to be too invasive because of the bilateral distribution, the deep location within the
hepatic parenchyma, and the concomitant resection of the primary lesion.

tions were successfully treated conservatively. There
was no massive hemorrhage in any of the patien
treated with TA.
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Recurrence in the Tumors Treated
with Ablation Therapies

CT scans at 1 week after TA revealed no viability
in all 102 ablated tumors. The median follow-up peri-
od by CT scan for the TA-treated lesions was 33
months. When a new metastatic lesion in the liver
developed in continuity with the ablated margin, it
was considered to be a recurrence of metastasis at the
site of TA. Such recurrence developed at the site of
TA in 5 (4.9%) of the 102 treated metastatic lesions,
mvolving 4 (7.7%) of the 52 sessions; 3 of those ses-
sions had used MCT (4/59 lesions, 6.8%), and 1 had
used RFA (1/43 lesions, 2.3%).

Disease-free Survival and Liver-disease-free
Survival

Hepatic or extrahepatic recurrence after initial
treatment for liver metastases developed in 47
patients (64%) in the Hepatectomy-alone Group
. (n=73), and in 25 patients (78%) in the TA Group
(n=32). The disease-free survival rate in the TA
Group tended to be lower than that in the Hepatec-
tomy-alone Group, but the difference was not signifi-
cant (p=0.127). Hepatic recurrence developed in 31
patients (42%) in the Hepatectomy-alone Group and
in 20 patients (63%) in the TA Group. However, there
was no recurrence along the needle route in the TA
Group. The liver-disease-free survival rate in the TA
. Group was significantly (p=0.027) lower than that in
the Hepatectomy-alone Group (Figure 3). The rate
of extrahepatic recurrence was 56% in the TA Group
and 45% in the Hepatectomy-alone Group, with no
significant difference.

Univariate and Multivariate Analysis for
Factors Correlated with Hepatic Recurrence
The following were evaluated for their indepen-
dent contributions to the hepatic recurrence using
Cox's proportional hazards model; age, sex, primary
tumor location (colon vs. rectum), histological tumor
~grade (G1 vs. others), lymph node involvement (- vs.
- +), tumor infiltration (invasion to the adjacent organs
+vs. -), lymphatic invasion (- vs. +) (10), venous inva-
“sion (- vs. +) (11), laterality (unilateral vs. bilateral),
“. solitary metastasis vs. multiple metastases, number
= of liver metastatic lesions (1-4 vs. >4), diameter of
= largest liver metastasis (<560mm vs. >50mm), type of
- hepatic resection (anatomical resection or not), extra-
- hepatic disease which were treated with surgery or
¢ chemotherapy with curative intent before or at the
- time of hepatic operation (- vs. +), synchronous vs.
.‘: metachronous metastases, and TA as the initial
© treatment (- vs. +). The multiplicity and synchronous
< metastases in the liver, lymph node involvement by
the primary tumor, and the use of TA were found to
- be significant predictive factors of hepatic recurrence
by univariate analysis (Table 2). The multivariate
analysis revealed that only synchronous metastases
the liver and lymph node involvement by the pri-
ary tummor were found to be independent significant
“predictive factors of hepatic recurrence, and that ini-

p=0.12 7(Logrank test)

Hepatectomy-alone

Diseae-freesSurvival rate

Hepatectomy-alone

p=0.027 (Logrank test)

TA

Liver diseae-freesSurvival rate

T Ty UARARRAAS)
0 12 24 36 48 60 72 B4 96 108 10

Survival time (months)

(; 1'2 24 36 48 60 72 84 95 108 120

Survival time {months)

FIGURE 3 Disease-free survival curves and liver disease-free survival curves after initial
treatment for liver metastases.The disease-free survival rate (0=0.127) and the liver disease-
free survival rate (p=0.027) in the TA Group (n=32) were lower than those in the

Hepatectomy-alone Group (n=73).

tial-TA therapy was no longer a significantly predic-
tive factor of hepatic recurrence (Table 3).

Overall Survival

The median survival time in the TA Group was 43
months. The 5-year-survival rate was 32% in the TA
Group (n=32). Among 51 patients who had recur-
rence in the liver, repeat hepatectomy-alone was per-
formed in 8 patients, TA-with-simultaneous-hepatec-
tomy in another 7 patients, and TA-alone in the other

Hazard

p-value ratio
Lymph node metastasis (+) * p=0.012 2,151
Synchronous metastasis p=0.012 2.119
Multiple metastasis p=0.028 1.859
Thermal ablation (+) p=0.032 1.845
Lymphatic permeation (+) * p=0.073 2.5651
Bilateral metastasis p=0.075 1.621
Type of resection (Non-anatomical)  p=0.122 1.525
Postoperative HAI p=0.182 1.442
Tumor grade (except G1)* »=0.235 1.387
Number of metastases (>4) p=0.287 1.433
Venous invasion (+) * p=0.555 1.323
Tumor size (>50 mm) p=0.644 1.185
Extrahepatic disease (+) p=0.673 1.159
Tumor invasion to an adjacent organ * p=0.885 1.070
Tumor location (rectum) * p=0.826 1.063
Gender (female) p=0.974 1.009
Age (<70 years) »=0.988 1.007

*: findings of primary tumor; HAL hepatic arterial infusion
chemotherapy

95% CI

Variable p-value Hazard ratio
Lymph node metastasis (+)  p=0.032 1.056-3.509 1.923
Synchronous metastasis p=0.044 1.020-5.382 1.869
Multiple metastases p=0.229 0.789-2.681 1.456
Thermal ablation (+) p=0.401 0.670-2.439 1.307

Lymph node metastasis was a finding of the primary tumor.
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P<0.001 (L.ogrank test)

Survival rate

Chemotherapy

0 12 24 36 48 60 72 B84 95 108 120 132
Survival time after diagnosis of recurrence (months)

FIGURE 4 Survival curves after diagnosis of recurrent liver metastases.
The 3-year-survival rate was 49% and 5-year-survival rates was 24% in
the TA {n=18). The survival rate in the TA Group was significantly higher
(0 <0.001) than that in the Chemotherapy Group (n=25).

11 patients. All the other 25 patients, except for 1,
received chemotherapy-alone such as hepatic arterial
infusion and systemic chemotherapy. Among the 18
patients who were treated with TA for recurrent
metastases (2 had received initial-TA-only, 8 initial-
TA-with hepatectomy, and 8 initial hepatectomy-
alone as initial liver treatment), isolated liver metas-
tases later occurred in 11 patients, and multiple-
organ recurrence including the liver occurred in 7
patients. When the survival time in these 18 patients
was defined in terms of months after recurrence to
the liver, the 3- and 5-year-survival rates were 49%
and 24%, respectively. The overall survival rate after
the recurrence to the liver in those treated with TA
was significantly higher (»<0.001) than that in the
Chemotherapy-alone Group (Figure 4).

DISCUSSION

The mortality and morbidity rates associated
with these combinations of ablation and hepatectomy
for curative treatment of liver metastases from col-
orectal tumors, including both initial and repeat
treatments, were acceptable. Also any severe compli-
cation was rare and manageable, as the safety of TA
therapy has been recognized (12,13).

The rates of recurrence in the ablated tumors
were 6.8% after MCT and 2.3% after RFA, These are
reasonable from a local treatment modality with
curative intent. This low rate of local recurrence may
be due to the limited indication for TA. In other
words, TA was performed during open laparotomy in
selected tumors smaller than 40mm in diameter
(most tumors were smaller than 30mm, average size:
21+10mm). With regard to local control of MCT, Seki
et al. (14) reported that complete coagulation was
achieved in 13 of 15 patients with solitary liver
metastasis smaller than 30mm in diameter despite
using a percutaneous approach, and that no recur-
rence occurred during follow-up (9-37 months). With
regard to local control by RFA, in an earlier study on
RFA for colorectal metastases to the liver, a rate of
more than 50% was reported for local recurrence
(15,16). However in 1999, Curley et al. (12) showed
improved local control rate by RFA in 123 patients,
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including 61 patients who had colorectal metastasis,
with a low recurrence rate of only 1.8% (involving
only 3 of 169 lesions). They suggested that the reason
for the achieved high local control rate was the use of
percutaneous RFA for only patients with metastatic
lesions smaller than 30mm in size and less than 3 in
number, and the use of intraoperative RFA for oth-
ers. Moreover, they used the pringle-maneuver tech-
nique to avoid incomplete tumor cell killing due to a
cool-down effect of blood perfusion. Elias et al. (17)
have reported using intraoperative RFA for 227
metastatic lesions in 88 patients and achieving a
local control rate of 5.7%, compared to 7.1% achieved
by wedge resection for 99 metastatic lesions in 64
patients. Their data included lesions larger than
30mm, and lesions in direct contact with large ves-
sels, which were correlated with local recurrence. On
the other hand, percutaneous RFA continues to show
a reported recurrence rate of about 40% within one
year (18). However, the poor results from percuta-
neous RFA have mainly occurred only when the
lesions were relatively large: RFA has achieved local
control in 78% of tumors 256mm or less, in 47% of
tumors 26-40mm, and in only 32% of tumors 40mm
or larger in diameter. Amersi et al. reported that per-
cutaneous RFA of tumors was found to be a statisti-
cal predictor for local recurrence compared to intra-
operative RFA (19). Taken together, MCT and RFA
have each shown equal efficacy to partial hepatic
resection in terms of tumor local control when ade-
quate indication and an optimum approach are cho-
sen.

In hepatocellular carcinoma, rapid intrahepatic
dissemination after RFA treatment has previously
been reported (20). The RFA needle creates a path-
way along its borehole between vascular districts
(arterious and venous-portal). It is-possible that the
seeding along new pathway had facilitated the
migration of tumor cells from a high-pressure
tumoral arterious district to a low-pressure portal
liver district. Although it is not clear whether
metastatic colorectal tumor cells reach the portal
branch walls and invade to other segments as do
hepatocellular carcinoma cells, such pathway to the
portal branches may permit intrahepatic dissemina-
tion, and the communication with liver veins may
allow lung and systemic tumor spread. Thus, in addi-
tion to the present evaluation of achieving local con-
trol at the ablated site, for application of TA therapy
instead of wedge resection, it should be noted
whether TA induces intrahepatic dissemination or
extrahepatic recurrence or not. It has been recently
shown that intraoperative RFA with simultaneous
hepatectomy for unresectable colorectal metastases
to the liver has resulted in a much higher rate of
intrahepatic recurrence compared with hepatectomy-
alone, despite the relatively low rate of ablated-site
recurrence at 6% and no differences in tumor size and
number, patient or primary tumor characteristics
except anatomic distribution between the groups
(21). These data suggest possible intrahepatic dis-
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. semination by intraoperative RFA. In this crude
data, a higher rate of intrahepatic recurrence and a
lower liver-disease-free survival rate were found in
the TA Group compared to those in the Hepatectomy-
alone Group, despite the low rate of ablated-site
recurrence. These data suggest that TA might have
induced the intrahepatic recurrence. However, the
multivariate analysis revealed that the TA therapy
was not a significantly predictive factor for intrahep-
atic recurrence. Therefore, at this time, we have con-
cluded that the higher rate of intrahepatic recurrence
in the TA Group was due to some difference between
the patient’s backgrounds such as in the number, the
distribution, or in the timing of metastases (synchro-
nous or metachronous metastasis). The data also
suggested that TA did not induce any distant metas-
tasis,

A randomized study on MCT and. hepatic resec-
tion for multiple liver metastases which were poten-
tially amenable to hepatic resection revealed similar
overall survival rates between the groups (22). Favor-
able 3-year and 5-year-survival rates of 68% and 40%
after RFA were reported by Rossi et al. (23). Gillams
et al. (24) reported that the 3-year and 4-year-sur-
vival rates after percutaneous RFA in 69 patients
including recurrent cases in the liver were 34% and
22%. In particular they found the b5-year-survival
rates In patients in whom more than 95% coagulation
of the lesions could be achieved and in patients treat-
ed after 1995, whose lesions were less than 4 in num-
ber and smaller than 50mm, were favorable at 50%
and 80%, respectively. These findings suggested that
TA might be equal to surgical resection in effective-
ness for liver metastases from colorectal cancer in
terms of short-term-survival rate.

It 1s of interest to surgeons, if TA is similar to
wedge resection in local control and survival benefit,
that TA of small centrally-situated liver metastases
allows complete curative RO resection, which would
otherwise have been unattainable. Two typical sce-
narios can summarize the benefits of TA. First, the
finding of a large number of bi-lobar liver metastases
is no longer considered a contraindication to hepate-
ctomy! it is possible to perform anatomical major
resection (lobectomy, segmentectomy) of large lesions
and/or of lesions close to a large vessel - associated
with wedge resection for a peripheral lesion and with
ablation for centrally-located small lesions. Secondly,
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Strategies for Improving Resectability in Unresectable, Bi-lobar Colorectal Metastases to the Liver: Ogata Y*1,
Murakami H*!, Sasatomi T*!, Uchida S*!, Murakami N*!, Isobe T*, Akagi Y*2, Ishibashi N*2 and Shirouzu K*2
(*'Department of Surgery, Kurume University Medical Center, **Department of Surgery, Kurume University School of
Medicine)

We have evaluated the achieved local control rate, any recurrence in the residual liver, and any extrahepatic recur-
rence after thermal ablation (TA) therapies such as microwave coagulation therapy (MCT) and radiofrequency intersti-
tial thermal ablation (RFA) for colorectal metastasis to the liver in 137 patients who underwent hepatectomy and /or in-
traoperative TA between 1994 and 2006. A total of 88 unresectable liver metastatic lesions (19 mm in mean size) were
selectively treated with TA as initial treatment (42 patients) basically in combination with hepatectomy. Overall, TA
achieved a high local tumor control rate of 949%. Multivariate analysis revealed that initial-TA therapy was not a sig-
nificantly predictive factor of hepatic recurrence or any recurrence. TA therapies in combination with hepatectomy may
offer improving resectability without risk to intrahepatic dissemination or to extrahepatic recurrence.

Key words: MCT, RFA, Liver metastasis, Colorectal cancer, Hepatic resection
Jpn | Cancer Clin 54(10): 817~822, 2008
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