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Extranodal metastasis is an indicator of poor prognosis
in patients with gastric carcinoma

T. Etoh!, M. Sasako?, K. Ishikawa!, H. Katai!, T. Sano’ and T. Shimoda?

' Gastric Surgery Division and ?Clinical Laboratory Division, National Cancer Centre Hospital, 5-1-1 Tsukiji-Chuoku, 104-0045, Tekyo, Japan
Correspondence to: Dr M. Sasako (e-mail: msasako@gan2 .nec.go.jp)

Background: The aim of this study was to determine the clinical significance and prognostc impact of
extranodal metastasis (EM) in gastric carcinoma.

Methods: The study included 1023 patients who underwent gastrectomy with lymphadenectomy for
primary gastric carcinoma between January 1993 and December 1996. EM was defined as the presence
of tumour cells in extramural soft tissue that was discontinuous with either the primary lesion or
locoregional lymph nodes.

Results: EM was detected in 146 (14-3 per cent) of the 1023 patients and in 1060 (3-0 per cent) of the
35 811 nodules that were retrieved as “lymph nodes’ from adipose connective tissues. The incidence of EM
was significantly higher in patients with tumours that were large (diameter 10 cm or more), infiltrative,
deeply invading or undifferentiated and in those with Iymph node, peritoneal or liver metastases, or
lymphatic or vascular involvement. After curative operation overall survival was significantly worse for
patients with EM than those without (P < 0.001). Multivariate analysis identified EM as an independent
prognostic factor (hazard ratio 1-82 (95 per cent confidence interval 1.23 to 2.71); P = 0-003).
Conclusion: EM is an independent prognostic factor and should therefore be included in the tumour

node metastasis (TINM) staging system.-

Paper accepted 4 October 2005

Published online 3 Janwary 2006 in Wiley InterScience (www.bjs.co.uk). XOI: 10.1002/bjs.5240

introduction

Extranodal metastasis (EM), comprising cancer cells in
soft tssue discontinuous with the primary lesion, is found
during routine examinstion of about 10-28 per cent of
resected gastric carcinoma specimens!?. According to the
International Union Against Cancer (UICC), this type
of mmour spread should be regarded as lymph node
metastasis if the nodule has the form and smooth contour
of a lymph node, but should otherwise be regarded as
part of the primary tumour®, Some studies have, however,
suggested that such tumour extension represents peritoneal
seeding from ecither the primary tumour or metastatic
lymph nodes. This type of tamour spread has also been
reported in carcinomas of the rectum?®, thyroid’, breast®,
vulva’ and lung®, linking such spread to aggressiveness of
the disease. The aim of the present study was to evalnate the
clinical significance of exiranodal and extramural tumour
extension in gastric carcinoma.
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Patients and methods

One thousand and twenty-three padents who underwent
gastrectomy with lymphadenectomy for primary gastric
carcinoma, excluding gastric lymphoma or gastrointestinal
stromal umour, at the National Cancer Cenae Hospital
between January 1993 and December 1996 were included
in the study.

All resected specimens were fixed in 10 per cent for-
malin, embedded in paraffin, and stained with haema-
toxylin and eosin. All solid structures in adipose con-
nective tissue resected with the stomach were retrieved,
including the lymph nodes and any areas of EM.
Tumours were classified histologically into different-
ated and undifferentiated types according to the World
Health Organization tumour classification system’. The
differentiated type included well and moderately differ-
entfated tbular adenocarcinomas as well as papillary

adenocarcinomas, based on the Japanese classification'?,

British Journal of Surgery 2006; 93: 369-373
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Fig. 1 Haematoxylin and eosin staining shows extranodal metastasis in gastric carcinoma. Tumour cells are scartered into the perinodal
soft tissue distinct from the metastatic lymph node. a Original magnificadon %100, b x400

whereas the undifferentated type included poorly
differentiated adenocarcinomas, signet-ring cell carcino-
mas and mucinous adenocarcinomas.

EM was defined as the presence of cancer cells in
soft tissue that was discontinuous with the primary
lesion or in perinodal soft tissue distinct from the
lymph node. Clinicopathological data were analysed
according to the Japanese classification system for gastric
carcinoma as outlined by the Japanese Gastric Cancer
Association!.

Follow-up continued untl death or for more than
5 years in surviving patents. Information was obtained
from medical charts and death certificates in the hospital
population survey office. Recurrence was confirmed by
physical examination, carcinoembryonic antigen testing
and imaging, including computed tormography. In some
patients, initial recurrence was diagnosed at two or more
sites. In this instance, all the sites were counted as the site
of inidal recurrence.

Statistical analysis

The correlation between EM and clinicopathological

features was determined wsing Fisher's exact test, ¥%

test or Mann-Whitmey U test. Curmulative overall and
disease-free survival rates were calculated using the
Kaplan—-Meier method and compared using the log
rank test. Muldvariate analysis was petrformed using
the Cox proportional hazard model together with
factors described previously!!. P < 0-050 was considered
statistically significant.
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Resulis

EM was detected in 146 (14-3 per cent) of the 1023 patients
and in 1060 (3-0 per cent) of the 35 811 nodules retrieved
as ‘lymph nodes’. In the 146 patients with EM, the mean
number of metastases of this type was 7 (nedian 3, range
1-79). Figure I shows an example of EM.

The incidence of EM was significantly higher in patients
with large tumours (diameter 10 cm or more) and in those
with macroscopic infiltrative tumours. Histologically, EM
was significantly associated with relatively deep invasion,
undifferentiated tumours, lymph node metastasis, and
lymphatic and vascular involvermnent. Overall, patients with
EM had a significantly larger number of lymph node
metastases, but nine patients with EM had no lymph node
metastases. Liver metastasis and peritoneal dissemination
were found more frequently at surgery in patients with
EM (Table I). Tumour stage was III or higher in 117
(80:1 per cent) of the 146 patients with EM.

Eight hundred and eighty-five (86-5 per cent) of all
patients and 66 (45-2 per cent) of 146 patients with EM
underwent curative surgery. After a potentially curative
procedure, 45 (68 percent) of 66 patients with EM
developed recurrence, compared with 131 (16-0 per cent)
of 819 patents without EM. Of those with EM, 20 patients
(30 per cent) developed recurrence locally or in the lymph
nodes, 16 patients {24 per cent) had distant metastases of
whom 11 had hepatic involvement, and other sites of
recurrence included the peritoneum in 25 (38 per cent}.
The primary site of recurrence was unknown in five
patients.
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Table 1 Correlation between extranodal metastasis and
clinicopathological feamares in gastic carcinoma

Age (yearsy” 61(9) 60(9) 0-582t

Sex 0-551%
M 100 (58-5) 620 (70-7)

F 46 (31-5) 257 (29:3)

Tumour size {cm) < 0-001§
<10 61 (41-8) 798 (91.0)
=10 85 (58-2) 79 (9.0

Tumour type < 00018
Superficial 2 (1.4} 585 (66-7)
Cicumscribed 16 (11-0) 126 (14.4)

Infiltrative 128 (87.7) 156 {18-9)

Histology <0.001%
Differentiated 38 (26.0) 444 (50-8)
Undifferentiated 108 (74-0) 433 {49-4)

Tumour clepth < 00015
pT1 2(1-4) 520 (59-3}
pT2 17 (11.6) 195 (22-2)
pT3 102 {69-9) 126 [14-4}
pT4 25 (17.1) 36 {@.1)

Lymph node metastasis < 0-007%
Yes 137 (93-8) 330 (37-6}

No 9 (6-2) 547 {624}

Lymphatic involvement < (-0014
Yes 131 (89-7} 382 (43-6)

No 15{10-3) 495 [56-4)

Vascular fnvolvement <0(-001%
Yes 94 (64.4) 203 (23-1)

No 52 (35-8) 674 (76.9)

Peritongal metastasis < 00011
Yes 59 (40.4) 20 (2-3)

No 87 (59-6) BST (97-7)

Liver metastasis <0.001%
Yes 12(82) 14 (1-6)

No 134 {91.8) 863 (98-4)

Curability <0001%
Curative 66 (45.2) 819 (93.3)

Mon-curative 80 (54.8) 58 (6-7)

Values in parentheses are percentages, except *values are mean(s.d.). pT,
Pathological tumour; fMann—Whitney U test; $Fisher's exact test; §x°
test.

Patdents who underwent potentally curative resection
were included in a survival analysis. Survival curves were
truncated at 4 years because of the small number of patients
in some groups. Overall survival was significantly worse
for patients with EM than for those without (P < 0-001)
(Fig. 2a). Five-year survival rates were 26 and 84-5 per cent
respectively. Disease-free survival was also significantly
worse for patients with EM (P < 0-001). Among node-
negative patients (pathological (p) NO), overall survival was
poorer in padents with EM (P < 0-001); 5-year survival
rates for patents with or without EM were 57 and
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91-4 per cent respectively. Similarly, in both the pIN1 and
pIN2 subgroups, overall survival was significantly worse
in those with EM (both P < 0.001). The presence of
EM had no significant impact on survival among patients
with N3 disease (P = 0.098). Anelysis of patients grouped
according to the number of EMs revealed that number
of metastases was significantly associated with a worse
prognosis (P < 0-001) (Fig. 25).

Mnultivariate analysis of factors associated with survival
after curative surgery showed that EM was an independent
prognostic factor, along with depth of tamour invasion and
lymph node metastasis (Table 2).

Discussion

The incidence of peritoneal metastasis found during
surgery and the rate of peritoneal recurrence was high
in patients with EM. There are two possible explanations
for the association between EM and peritoneal metastasis.
First, it is feasible that tamour cells released from
a primary lesion spread directly into the extranodal
and extramural spaces. This is consistent with the
finding that EM showed a close correlation with cancer
aggressiveness measured in terms of serosal invasion.
Furthermore, tamour cells from poorly differentiated
adenocarcinomas were found to be scattered into both
soft and connective tissues by means of peritoneal seeding
in both the present and previous studies’*2. Another
possibility is that EM occurs subsequent to lymph node
involvement. Burn!® hypothesized that lymphaticovenous
communication occurs when cancer cells metastasize to
a lymph node or lymphatic vessels and obstruct lymph
flow. Yamagata ez 22.'% demonstrated this experimentally
in animal.models. Few previous reports have shown
a correlation between peritoneal metastasis and lymph
node metastasis'’. The present study showed a significant
correlation between EM and the incidence of Iymph node
metastasis.

To determine whether EM should be included in the
pIN category, patterns of survival were examined in relation
to lymph node involvernent or EMs. The 5-year survival
rate decreased linearly with increasing nodal involvement,
classified according to the UICC tumour node metastasis
(TNM) system: 88-5 per cent (pINQ), 67.6 per cent (pIN1),
34.7 per cent {pIN2} and 14-0 per cent (pIN3) based on =
review of 4362 patients with gastric carcinoma at the
National Cancer Centre Hospital'®. Although the 5-year
overall survival rate also worsened as the number of EMs
increased, the deterioration was not linear and a sharp
decline was noted if just one EM was present. EM in
gastric carcinoma may therefore more closely resemble
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Fig. 2 Overall survival curves after curative resection a in patients with or without extranodal metastasis (EM) (P < 0-001, log rank tesg)
and b in patients grouped according to the number of EMs (P < 0.001)

Table 2 Multivariate analysis of factors affecting prognosis after
curative resection

Depth of invasion 0-13 1-83 (142, 2.35) <0-001
Extrancdal metastasis 0.20 1.82 (1.28,2.71) 0003
Lymph node metastasis 0.20 1.70(114,2.51)  0.009
Macroscopic type 026 1.44 (087, 2.40) 0158
Lymphatic invasion 0.21 1.44 (095, 2-17)  Q.088
Venous invasion 0-18 1.23 (0-88, 1.75) 0.253

Values in parentheses are 95 per cent confidence intervals. *Cox
proportional hazard model.

peritoneal metastasis than lymph node metastasis but, as
there were long-time survivors with EM, it should be
considered separately from peritoneal disease.

Although EM was identified as an independent predictor
of a poor prognosis, about a half of patients with four or
fewer EMs survived for more than 2 years without adjuvant
treatrnent. This suggests that en bloc clearance of adipose
connective tissue by D2 dissecton is effective in some but
not in all situations. If en boc dissection of the gastric bed is
not carried out, radiotherapy combined with chemotherapy
may be effective!’.

EM in gastric carcinoma was closely related to cancer
aggressiveness and a poor prognosis. Its presence should be
included in the elinical classification of gastric carcinoma.
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Stage migration caused by D2 dissection with para-aortic
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Background: Extended lymphadenectomy (D2) provides accurate nodal staging of gastric cancer. The
aim of this study was to clarify the degree of stage migration seen with D2 combined with para-aortic
lymph node dissection for gastric cancer invading the subserosa, the serosa and adjacent structures
(T2s5—4) in patients considered not to have distant metastases (MO0).

Methods: Between July 1995 and April 2001, 523 patients were recruited and randomized in a prospective
phase I trial comparing D2 with D2 and para-aortic nodal dissection for T2ss-4 gastric cancer
without macroscopic para-aortic nodal metastases. Stage migration was evaluated by Japanese Gastric
Cancer Association staging in 260 patients who underwent D2 with para-aortic dissection by analysing
pathological information from the dissected lymph nodes.

Results: Node (N)-stage migration was observed in I per cent (1 of 82) of patients with NI disease,
20 per cent (12 of 59) with N2, 43 per cent (10 of 23) with N3 and 8-8 per cent (23 of 260} of all patients.
Final stage migration occurred in 9 per cent (5 of 58} of patients with stage ITla, 19 per cent (8 of 42)
with stage ITIb, 56 per cent (9 of 16) with stage IVa and 8-5 per cent (22 of 260) of all patients. Metastasis
to N4 nodes was found in 4 per cent (four of 95} of tumours invading the subserosa and 17-4 per cent
{19 of 109) of tumours penetrating the serosa. The overall incidence of N4 involvement was 8.8 per cent
(23 of 260).

Conclusion: Extended para-aortic lymphadenectomy for gastric cancer provides accurate nodal staging
and results in stage migration, which may improve stage-specific survival regardless of overall survival
benefit.

Paper accepted 27 September 2006
Published online 19 October 2006 in Wiley InterScience (www.bjs.co.uk). DOI: 10.1002/bjs. 5487

Introduction mainstay of curative treatiment for gastric cancer that has
penetrated beyond the submucosa’. The procedure can be
undertaken in the context of total or subtotal gastrectomy
where (D2) lymphadenectomy indicates nodal dissection
to the N2 level>. This has been the standard treatment for
gastric cancer in Japan since the 1960s*.

In the 1980s extended lymphadenectomy procedures

Gastric cancer remains the second leading cause of
cancer death in the world and is the most common
malignancy in Japan, South America and Eastern Europe!.
Radical gastrectomy with regional lymphadenectomy is the

The Editors have satisfied themselves that all suthors have contributed
significantly to this publication
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were practised in many Japanese centres with the inten-
tion of improving the prognosis of patients with locally
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- Stage migration by extended lymphadencctomy

advanced gastric cancer. In addidon to D2 lymphadenec-
tomy, lymph nodes around the upper abdominal aorta were
dissected on the basis that 20—30 per cent of padents with
non-early gastric cancer {more than T1) had microscopic
metastasis present in para-aortic nodes’~%. The reported
5-year survival rate for patients with these nodal metas-
tases was in the range of 14-30 per cent after extended
para-aortic lymphadenectomy® 7.

Based on these results, the Japanese Gastric Cancer
Association defined para-aortic nodes as regional lymph
nodes'®, Conversely, the International Union Against
Cancer (UICC)~tumour node metastasis (TINM) system
classified metastases to para-aortic lymph nodes not
as regional lymph node metastases (IN) but as distant
metastases (M)!!. Keighley er 212 reported that median
survival was less than 5 months in British patients with
tumours involving para-aortic nodes, even after extended
para-aortic nodal dissection.

From retrospective studies, it has been suggested
that extended para-aortic lymphadenectomy improved
prognosis compared with standard D2 dissection®!3. Tt
may be, however, that extended surgery only provides
more accurate staging information and that this stage
migration may improve apparent stage- and N stage-
specific survival'*. The impact of stage migration has not
yet been clarified.

A mult-institutional randomized clinical trial was
therefore conducted by the Japan Clinical Oncology Group
(JCOG) to evaluate the survival benefit of D2 gastrectomy
with extended para-aortic dissection for T2ss—4 MO gastric
cancer (ss, subserosal) without macroscopic para-aortic
nodal metastases. Morbidity and mortality results from
this trial showed that D2 as well as extended surgery could
be performed safely in specialized hospitals in Japan'’.
The present report evaluated the stage migration cansed
by D2 with para-aortic lymphadenectomy by analysing
pathological information from dissected lymph nodes in
this prospective wrial. This is the first study to evaluate
stage migration caused by para-acrtic dissection.

Patients and methods

The randomized trial'® was approved by the JCOG and
the local ethics committees of each institution. Initially,
the 12 institntions of the Gastric Cancer Surgery Study
Group of the JCOG partcipated in the wial, followed
by 12 additonal institutions to increase recruitment. All

data management and quality assurance were done by the
JCOG data centre.

Copyright © 2006 Bridsh Journal of Surgery Sociery Ltd
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Between July 1995 and April 2001, 523 padents with
T2ss—4 M0 tumours, without gross metastases in para-
aortic nodes, were randomly assigned to D2 (263 patients)
or D2 with para-zortic dissection with curative intent (260).
Para-aortic lymph nodes of 1 cm in diameter or larger were
diagnosed as metastases by computed tomography. After
mobilization of the duodenum, nodal status was finally
judged by palpation. The effects of stage migration were
evaluated in the 260 patients who underwent D2 with
para-aortic lymphadenectomy.

The 12th edidon of the Japanese Gastric Cancer
Association staging system was used'?. Lymph nodes were
divided to four groups: group 1 or N1 consisted of the
perigastric nodes along the lesser curvanire (stations 1, 3
and 5) and the greater curvature (stations 2, 4 and 6); group
2 or N2 consisted of the nodes along the left gastric artery
(station 7), along the common hepadc artery (station 8},
around the coeliac artery (station 9} and along the splenic
artery (stations 10 and 11); group 3 or N3 consisted of
nodes along the hepatoduodenal ligament (stadon 12),
around the pancreas (stations 13, 15, 17 and 18) and along
the superior mesenteric vein (statdon 14); and group 4
or N4 consisted of para-aortic lymph nodes (station 16).
D2 dissection involved removal of all N1 and N2 nodes
for tumours in the proximal and middle stomach, and
additionally stations 12, 13 and 14 for rumours in the distal
stomach. For D2 with para-aortic dissection, the para-
aortic lymph nodes were removed in addition to the D2
dissection. Quality control concerning nodal dissection has
been described; the median number of remieved nodes was
54 (range 14-161) in D2 and 74 (range 30-235) in D2
with parz-aortic dissection!®.

The lymph nodes of each station were retrieved
individually from the specimen and numbered according
to the Japanese Gastric Cancer Association staging
system. The stomach znd lymph nodes were stained with
haematoxylin and eosin for histopathological examination.

Stage migration was calculated by assuming that patients
had undergone hypothetical D2 dissection without para-
aortic lymphadenectomy. Lymph nodes were staged
according to the N1, N2 and N3 status, without
N4 information (standard staging). Restaging was then
undertzken after considering IN4 status obtained by true
extended para-aorticlymphadenectomy {extended staging}.
In this way, N-status migration could be determined when
metastatic nodes were detected in the N4 [evels. A final
stage was determined in both the standard and extended
staging by combining microscopic depth of invasion into
the gastric wall (T status). :

www.bjs.co.uk Brizish Fournal of Surgery 2006; 93: 1526-1529
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Results

Lymph node metastases according to standard and
extended staging are shown in Tubl I. By applying
extended staging, N-stage migraton was observed in
1 per cent (1 of 82) of patients with N1 disease, 20 per cent
{12 of 59) with N2, 43 per cent {10 of 23) with N3 and
8.8 per cent (23 of 260) of all patents. The final staging
is shown in Tuble 2. Overall stage migration occurred in
9 per cent {five of 58) of patients with stage Ia disease,
19 per cent (8 of 42) with stage IIIb, 56 per cent (9 of 16)
with stage TVa and 8.3 per cent (22 of 260) of all patients.

Table 3 shows lymph node metastases classified accord-
ing to depth of invasion. Metastases to N4 nodes were
found in 4 per cent (four of 95) of tumours invading the
subserosa and 17-4 per cent (19 of 109) of tumours pene-
trating the serosa. The overall incidence of N4 involvement
was 8-8 per cent (23 of 260).

Biscussion

This study has clarified the incidence of microscopic
metastases in patients with T2s5-4 MO tumours and
macroscopically negative para-aortic nodes.

Limited nodal dissection often provides inaccurate
staging. Bunt er4l'* analysed the migradon effects in
Japanese Gastric Cancer Associatdon staging from the

Table 1 Staging and migradon of lymph node mecastases

Extended staging
NO 96 96
3] 81 81
M2 a7 47
N3 13 i3
N4 1 12 10 23

Standard total 96 a2 59 23 260

Table 2 Disease stage and stage migration

Extended staging

la 10 10
Ib 67 67
I 64 64
lla 53 53
e 34 34
Va 7 o7
Vb 5 8 9 3 25
Standard total 10 67 B4 58 42 16 3 260

Copyright © 2006 British Journal of Surgery Sociery Lid
Published by John Wiley & Sons Ltd

Table 32 Depth of invasion and lymph node metastases

Depth of invasion

M 3 3
SM 7 4 ah
MP 19 14 3 1 37
88 44 28 14 5 4 95
SE 22 35 28 5 19 109
SEl 1 2 2 5
Total 96 81 47 13 23 260

M, mucosa; SM, submucosa; MP, muscular is propria; 55, subseross; SE,
serosa exposed; SEI, serosa exposed and invading adjacent organs.

results of D1 and D2 surgery in a Dutch phase IIT trial
and found that the rate of stage migration was 30 per cent
when D2 surgery was applied instead of D114, They also
calculated the stage-specific survival rate based on reported
survival rates and stage migration, and clarified that stage
migration could improve stage-specific survival without a
real survival benefit from D2 lymphadenectomy'*.

In this study, N-stage migradon occurred in 8-8 per cent
and overall stage migration was noted in 8-5 per cent of
patients by applying extended staging instead of standard
D2 staging. N- and stage-specific survival may therefore
be improved owing to N stage and overall stage migration.
Some Japanese surgeons have reported that extended nodal
dissection can improve overall survival in patients with N2
tumours compared with standard D2 dissection®!*. These
survival differences could be explained, in part, by the
N-stage migratdon observed in this study. There seems
no sense, therefore, in comparing D2 and more extended
dissection by retrospective survival analyses based on the
Japanese Gastric Cancer Association staging system.

Extended para-aortic lymphadenectomy influences
Japanese Gastric Cancer Association staging and
UICC-TINM staging. Metastases to para-aortic nodes are
treated as distant metastases (M1} by TINM staging!l.
According to eligibility criteria in the present study,
patients with metastases to distant organs such as liver and
peritoneum were excluded. Para-aortic nodes were also
negative macroscopically. The present results demonstrate
that 8.8 per cent (23 of 260) of patients with T2ss~4 MO
gastric cancer and macroscopically negative para-aortic
nodes have microscopic para-aortic nodal metastases.
These patients then become classified as M, so that
extended lymphadenectomy causes M-stage migration,
impacting on M-specificsurvival in the TNM classification.

In the present study, nodal metastases to N4 were
observed in 8-8 per cent (23 of 260) of all patients and
these positive nodes were: found in 4 per cent (four of 95)

www.bjs.co.uk British Journal of Surgery 2006; 93: 1526-1529
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of tumours invading the subserosa and 17-4 per cent (19 of
109) of tumours penetrating the serosa. Previous Japanese
studies have reported that 20~30 per cent of patients with
non-early gastric cancer had histological metastasis in the
para-zortic nodes*~8, The present study confirmed N4
disease in localized advanced gastric cancer invading the
subserosa or deeper. The slightly lower incidence of this
finding in the present compared with previous studies may
have been due to the inclusion of patents with macroscop-
ically involved para-aortic nodes in the earlier studies.

Extended para-aortic lymphadenectorny for T2ss—4 M0
gastric cancer provides a revised nodal staging. This results
in stage migration that may improve stage-specific survival
regardless of a real survival benefit.
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Favorable Indications for Hepatectomy in Patients With

Liver Metastasis From Gastric Cancer
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"Hepatobiliary and Pancreatic Surgery Division, National Cancer Center Hospital, Tokyo, Japan
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Background: The prognosis of patients with liver metastasis from gastric cancer
(LMGC) is dismal. The purpose of this study was to review our recent outcomes of
hepatectomy for LMGC and to determine the suitable candidates for surgery.

Study Design: The outcomes of 37 patients with LMGC who underwent hepatectomy
between 1990 and 2005 were assessed. No extrahepatic distant metastasis and
feasibility of macroscopic curative resection were requisite indications for surgery.
The prognostic values of clinicopathological factors were assessed by univariate and
multivariate analyses.

Results: There was 1o in-hospital mortality. The median survival time and overall 5-
year survival rate after hepatectomy of the patients with LMGC were 31 months and
11%, respectively. Intrahepatic recurrence following hepatectomy was found in
23 patients (62%). Variables independently associated with poor survival were bilobar
metastasis (P =0.002, CI1=1.9-16.3) and a maximum tumor diameter of >4 c¢m
(P=0.006, CI=1.4-7.7). The depth of the primary tumor and the timing of
metastasis were not associated with survival.

Conclusions: Surgical resection for LMGC may be indicated in patients with unilobar
metastasis and/or tumors less than 4 cm in diameter. Synchronous metastasis is not a
contraindication for hepatectomy.

J. Surg. Oncol.  ® 2007 Wiley-Liss, Inc.

KEey Worps: liver metastasis; gastric cancer; hepatectomy; surgical
indication

INTRODUCTION

Liver metastasis can be found in 5-9% of patients
with gastric cancer [1-3]. Surgical resection of liver
metastasis from gastric cancer (LMGC) is rarely
indicated, because LMGC is often associated with
extrahepatic disease, such as peritoneal dissemination,
lymph node metastasis, and direct cancer invasion of
other organs [1]. Most of the patients with LMGC are
thus treated by systemic administration or hepatic arterial
infusion of 5-FU, adriamycin, mitomycin C (MMOC),
cisplatin, and/or S-1 [3-9] (Table I). The response rates
and median overall survival time of patients treated
with chemotherapeutic regimens have been reported to be
25-73% and 7-15 months, respectively, and the long-
term survival is dismal. Therefore, curative surgical
resection may bring some hope of long-term survival.

© 2007 Wiley-Liss, Inc.

Several authors have reported on their limited ex-
periences of surgical resection of the metastatic tumors
in selected patients of LMGC, with the 5-year survival
rates ranging from 0-38% [1-3,10-17]. It has been
reported that the stage of the primary gastric cancer
[10,14], number of liver metastases [2,11,16], timing of
hepatectomy [13,14,16], and surgical margin [11,13]
would be the significant prognostic factors. To the best of
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TABLE 1. Review of Surgical and Non-Surgical Treatments of Liver Metastasis From Gastric Cancer

Numberof Method of reatment (tegimen,  Response Median 1-year 5-year

Author Year patients method of administration) rate (%) survival ume (M) survival (%) survival (%)
Chemotherapy for LMGC

Okuyama [3] 1985 21 5FU, MMC NA 5 10

Arai [4] 1990 30 FAM, HAI 73 15 NA

Kim [51 1993 33 FP, IV 51 9 NA

Vanhoefer {6] 2000 165 ELF, FP, FAM 9-20 7 NA

Kotzumi [7] 2000 28 81, oral 43 0] (36)

Takahashi [8] 2003 10 81, oral 30 (14 0

Tsujitani {9] 2003 6 514+CDDP 50 NA NA
Hepatectomy for LMGC

Koga [1} 1980 9 Hepatectomy + MMC" 6 NA

Okuyama 3] 1985 9 Hepatectomy-+5FU, MMC 24 NA

Ochiai [10] 1994 21 Hepatectomy 19 NA

Miyazaki [11] 1997 21 Hepatectomy NA NA

Elias [12] 1998 11 Hepatectomy NA 20

Ambiru [13] 2001 40 Hepatectomy + 5FU, aclarubicin® 12 18

Imamura [14] 2001 17 Hepatectomy 12 0

Saiura [15] 2002 10 Hepateciomy + 5FU* 25 20

Okano [16] 2002 19 Hepatectomy 21 34

Sakamoto 2] 2002 22 Hepatectomy 21 38

Shirabe [17] 2003 36 Hepatectorny NA 26

LMGC, liver metastasis of gastric cancer; M, months; FAM, 5-fluoroura

cil + adriamycin + mitomycin C; HAI, hepatic artery infusion; FP, 5-

fiuorouracil + cisplatin; IV, intravenous administration; ELF, etoposide + folinic acid + 5-fluorouracil (), resuits including extrahepatic metastasis
or recurrence; CDDP, cisplatin; MMC, mitomycin C; 5FU, 5-fluorcuracil; NA, not available.

*Adjuvant chemotherapy.

our knowledge, however, only two reports have included
more than 35 patients, therefore, the most favorable
indications for hepatectomy in patients with LMGC still
remain unclear.

We previously reported our initial experience of
hepatectomy in 21 patients with LMGC between 1985
1992 [10]). Here, we review the outcomes of surgical
resection in patients with LMGC conducted by us
between 1990 and 2005, with the objective of reassessing
the appropriate indications for this surgery.

PATIENTS AND METHODS

Between 1990 and 2005, 5,209 patients underwent
gastrectomy for gastric adenocarcinoma at the Division
of Gastric Surgery, National Cancer Center Hospital. Of
these, 2.2% had synchronous liver metastases and 1.3%
developed metachronous liver metastases after resection
of the primary gastric cancer. Of these patients with
liver metastasis, 37 (29 males and 8 females; median
age, 64 years; age range, 39~76 years), accounting for
one-fifth of all the patients with LMGC, underwent
hepatectomy as curative treatment for the metastatic
gastric adenocarcinomas. Although some of the patients
were overlapped with our previous report [10], we
collected our data from 1990, because the safety of
hepatectomy procedure was established in 1990s and we
need to analyze data of relatively larpe number of
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patients. We have used the following criteria as indica-
tions for hepatic resection in our cases of EMGC: (1)
absence of extrahepatic distant metastases such as
peritoneal dissemination or distant lymph node metas-
tasis, and (2) feasibility of macroscopically curative
resection. Based on the results of our previous study [10],
we considered (1) the presence of serosal invasion by the
primary gastric cancer and (2) presence of lymphatic or
venous invasion by the primary tumor in cases with
metachronous tumors, as unfavorable indications for
surgery, however, they were not contraindications.

Medical records of the hepatectomized 37 patients
were collected, and the prognostic factors for better
survival were assessed using univariate and multivariate
analyses.

Statistical Analysis

The primary end-point was survival, and the overall
survival rates were estimated using the Kaplan--Meier
method. The log-rank test was used o compare
significant differences between subgroups using a uni-
variate analysis. A multivariate stepwise Cox'’s regression
analysis (backward elimination method) was performed
to identify factors that were independently associated
with mortality. Statistical significance was defined as a
P-value of less than 0.05. The statistical analyses were
performed using a statistical analysis software package



(SPSS 9.0, SPSS, Inc., Chicago, IL). The following
clinicopathologic factors were analyzed by comparing
subgroups of patients divided according to each variable:
age (<65,>65), sex, status of serosal, venous and
lymphatic invasion and histologic differentiation of the
primary tumor, status of lymph node metastasis, clinical
stage of the primary tumor, temporal relationship of
metastases with the primary disease (synchronous or
metachronous), serum carcinoembryonic antigen (CEA)
(< 5, > 5 ng/ml) and carbohydrate antigen 19-9 (CA19-
9) levels (< 37, >37 TU/L) before hepatectomy, number
of metastatic tumors, intrahepatic distribution, size of the
liver metastases (<4, >4 cm), hepatectomy procedure
(anatomical, non-anatomical resection), extent of differ-
entiation of the metastatic tumor, surgical margin, blood
transfusion, and administration of adjuvant chemo-
therapy. Multivariate analysis was performed using the
variables found to be significant based on the results of
the univariate analysis.

RESULTS

The location of the primary gastric cancer was the
cardia in 6 patients, fundus in 17 patients, and antrum in
14 patients. The depth of the tumor was T1 in 6 patients,
T2 in 19 patients, T3 in 11 patients, and T4 in 1 patient
[18). The surgical procedures used for the primary
tumors included distal gastrectomy in 26 patients, total
gastrectomy with or without splenectomy in 9 patients,
pylorus-preserving gastrectomy in 1 patient, and partial
gastrectomy in 1 patient. The primary gastric tamor
proved to be well to poorly differentiated adenocarci-
noma of the stomach in all of the patients.

The median duration of hospitalization following
gastrectomy was 19 (11-61) days. Of the 37 patients,
21 had a solitary tamor and 16 had multiple (2-12)
turnors. The distribution of the tumors was unilobar in
30 patients and bilobar in 7 patients. The median
maximum tumor diameter was 3.8 (0.6-8.7) cm.
The hepatectomy procedure consisted of non-anatomic
limited resections in 25 patients, segmentectomy in
7 patients, left hemihepatectomy in 3 patients, and right
hemihepatectomy in 2 patients. Blood transfusion was
required in 11 patients.

Chemotherapy after hepatectomy was administered in
6 patients using S-1 [7-9], cisplatin, 5-FU, and UFT at
the discretion of each attending surgeons. After the
hepatectomy, all the patients were followed up in the
outpatient clinic every 3—4 months, annual measure-
ments of the serum CEA and CA19-9 and annual CT scan
were performed.

In-hospital and 30 day postoperative mortality was
zero. There were two major complications; sick sinus
syndrome in one patient and perforation of the colon in
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another patient. Minor complications included bile
leakage, pancreatic fistula, and wound infection. The
overall morbidity rate was 24%. The median duration of
hospitalization following hepatectomy was 19 (9-189)
days.

Microscopical curative resection was accomplished in
32 patients (86%). The median overall survival time of
the patients was 31 months and the overall 5-year survival
rate was 11%. Two patients survived for more than
5 years after the hepatectomy. Twenty-three patients out
of the thirty-seven (62%) developed recurrence in the
remaining liver, seven (19%) in the lung, and five (14%)
in the lymph nodes, with an overall recurrence rate of
81% (m=30) during the follow-up period. None of
the patients underwent a second hepatic resection
for recurrent intrahepatic metastases, and systemic
chemotherapy was administered in 20 out of the
30 patients with recurrent tumors. The first-line chemo-
therapeutic regimens for recurrence included CPT-
11 + cisplatin in 4 patients, CPT-11 +MMC in 2 patients,
methotrexate 4+ 5-FU in 5 patients, 5-FU +cisplatin in
3 patients, paclitaxel in 2 patients, UFT + mitomycin Cin
1 patient, UFT in 1 patient, 5-FU in 1 patient, and NK911
in 1 patient.

Univarjate analysis revealed the following factors to be
associated with poor survival: presence of venous
invasion of the primary tumor (P=0.02); bilobar
metastasis (# =0.004); tumor diameter > 4 cm (Table I;
Figs. 1 and 2). No survival difference was found between
patients with and without serosal invasion, and between
patients who underwent synchronous and metachronous
hepatectomies. The results of the multivariate analysis
(Table II) indicated that bilobar metastasis and the
maximum tumor diameter (3> 4 cm) were independently
associated with poor survival (P < 0.003 and P <0.07,
respectively) (Table III).

DISCUSSION

The overall 5-year survival of the patients with LMGC
was 11%, a relatively low survival rates as compares
with previous reports, but still, may be acceptable [1-
3,10-16]. We excluded patients with extrahepatic
recurrences and performed hepatectomy in  only
37 patients accounting for one-fifth of all the patients
with LMGC (2.3 hepatectomies/year). Nonetheless, even
with the relatively good patient selection, the survival
rate after  hepatectomy was rather unsatisfactory.
Despite curative hepatectomy, we found that 62% of
the patients developed intrahepatic recurrence. This high
recurrence rate within 2 years of the surgery might
suggest the presence of occult intrahepatic metastases
even at the time of hepatectomy. Repeat hepatectomy was
not conducted in our series, and patients with recurrence
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Overall survivals of patients who underwent hepatectomy for liver metastasis of gastric cancer. A: No survival difference was found

between patients with (solid line) and without (dotted ling) serosal invasion by the primary gastric cancer. B: No survival difference was found
between patients with synchronous metastasis who underwent hepatectomy with gastreciomy (solid line) and those with metachronous metastasis

who underwent hepatectomy on a subsequent date {dotted line).

were administered systemic chemotherapy. These results
suggest the extreme difficulty of obtaining surgical cure
in patients with LMGC, and also the necessity of better
patient selection and effective adjuvant chemotherapy in
order to prolong the patients’ survival. As the median
overall survival time following hepatectomy in patients
with multiple, bilobar metastasis or positive surgical
margin was shorter than the median overall survival time
of patients administered some effective chemotherapeutic
regimens [4,8] (Table I), strict patient selection and
informed consent from the patients would be mandatory.

None of the clinicopathological factors related to the
primary gastric cancer were independent predictors of

A
Number
(%)
100] p=0.17
80| i, solitary
60 s . {n=21)
40 R :
multiple Seremmannnssran uu: .........
20 {n=16} i
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survival. Previously, Ochiai et al. [10] reported from our
institute that (1) the absence of serosal invasion in all
cases, and (2) the absence of Iymphatic invasion or
venous invasion in metachronous cases were favorable
factors for better survival. These criteria affected to
some extent, our indication for the selection of suitable
candidates for hepatectomy, and 70% of the 37 patients
had no serosal invasion. This selection bias might
directly reduce the deaths associated with dissemination
of the primary gastric cancer. In addition, the limited
number of patients andfor the difference in this study
pericd might explain the discrepant conclusions in
the two series. The diagnostic accuracy of imaging

B
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(%)

100 p=004
a0 unilobar
601 i. (n=30)
40 bilobar
20 =) .

0

Fig. 2. Overall survivals of patients who underwent hepatectomy for liver metastasis of gastric cancer. A: No survival difference was found
between patients with solitary (solid line) and multiple (dotted line) liver metastases. B: Survival of patients with unilobar metastasis (solid line)
was significantly longer than that of those with bilobar metastasis (dotted line}).
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TABLE II. Clinicopathological Factors Associated With the Survival of Patients With Liver
Metastasis From Gastric Cancer After Hepatectomy

Nuomber of Median survival S-year survival
Characteristic patients iime (months) rate (%) P-value
Primary tumor
Differentiation
Well, pap 11 30 0 0.30
Mod, por 25 - 32 i4
Serpsal invasion )
Absent 25 36 15 0.48
Present 12 23 0
Venous invasion
Absent 11 44 32 0.02
Present 26 28 0
Lymphati¢ invasion
Absent 9 44 0 0.08
Present 28 20 9
Lymph node metastasis
Absent 6 44 42 0.09
Present 31 28 6
Clinical stage®
Stage 1, IT 16 36 12 0.52
Stage 01, IV 21 23 12
Liver metastasis
Temporal relationship
Synchronous 16 30 15 0.50
Metachronous 2t 31 9
Tumor number
Solitary 21 32 12 .17
Multiple 16 12 10
Intrahepatic distribution
Uniiobar 30 32 12 0.004
Bilobar 7 8 NA
Tumor size :
<4 cm 19 37 29 0.02
>4 cm ¥ 20 )
Differentiation
Well, pap 4 12 NA 0.31
Mod, por 26 32 14
Portal vein invasion
Absent 22 32 18 0.08
Present 13 28 0
Surgical margin
Negative 32 31 8 0.95
Positive 5 8 20
Treatment
Anatomicat resection 11 31 15 0.8
Nos-anatomical resection 26 32 3
Blood transfusion during hepatectomy
Not performed 26 31 26 .30
Performed 11 16 0
Adjuvant chemotherapy
Not performed 3 32 12 0.37
Performed 6 28 NA
NA, not available.
Clinical stage was determined according to General Rules for Gastric Cancer Study, 1999.
studies has improved dramatically in the last two In the present study, patients with unilobar metastasis

decades, which might make it easier to identify occult had a favorable prognosis. The first author (YS) pre-
hepatic metastasis and contribute to modification of the viously reported, based on his experience in 22 patients at
patient selection criteria. the Cancer Institute Hospital, another cancer center in
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TABLE HI. Risk Factors for Peor Survival After Hepatectomy
Evaluated by a Multivariate Analysis Using Cox Proportional
Hazard Model

Clinical variables Odds ratio 95% C.I. P-value
Bilobar metastasis 5.598 1.918-16.339 0.002
Tumor size >4 cm 3,295 1.413~7.687 0.006

C.I., confidence interval.

Tokyo, that the number of tumors in LMGC was an
important factor influence the prognosis {2]. Considering
the present results with this previous report, the number
and distribution of tumors in LMGC might be significant
prognostic factors.

Regarding the difference between synchronous and
metachronous metastases, several authors have reported
significantly better survival in patients with meta-
chronous metastasis than in those with synchronous
disease [13,16]. Neither the results of the present study
nor the previous reports from the two cancer centers
suggested that the timing of hepatectomy as a factor
influencing the survival. We believe that synchronous
metastasis is not a contraindication for hepatectomy,
provided extrahepatic disease is absent.

Metachronous hepateciomy necessitates the dissection
of adhesions between the pancreas, liver, and residual
stomach to prepare for Pringle’s maneuver. Especially,
the wpper part of the pancreas adheres to the inferior
part of left liver following lymphadenectomy during
gastrectomy for the primary tumor. Dissection of such
severe adhesion is sometimes technically demanding for
surgeons in comparison with hepatectomy for colorectal
metastasis, in which minimal dissection of the upper
abdominal organs is required. Therefore, hepatectomy
should be performed with careful attention paid to the
prevention of pancreatic leakage and injury to the bile
duect and other adjacent organs.

We also encountered some patients who developed
rapidly growing multiple hepatic metastases or peritoneal
dissemination while waiting for surgery, who were then
excluded. In order to exclude these cases with progressive
disease, careful preoperative evaluation of hepatic/
extrahepatic metastasis by repeated imaging studies will
also be important.

In conclusion, we reviewed the outcomes of highly
selected 37 patients who underwent hepatectomy for
LMGC., Patients with unilobar LMGC, and/or metastatic
tumors measuring <4 cm in diameter, may be good
candidates for a hepatectomy. Synchronous metastasis is
not a contraindication for hepatectomy.
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Despite radical surgery, up to 33% of patients with rectal cancer will develop locoregional relapse.
The managementofthese patients is particularly challenging. Surgery is the mainstay of ireatment
for those with a mobile recurrence. However, the majority of patients develop recurrence involving
the pelvic wall. In these patients, multimodality therapy including radical surgery and intra-
operative radiotherapy have been reported with 5-year survival of up to 31% and local control
rates of 50-71%. The most important factor for obtaining long-term local control and survival is
RO resection. Extended surgery such as abdomino-sacral resection has not been popular
because of 5-year survival rates of 16-31%, and significant postoperative morbidity.
Re-recurrence following surgery occurs locally and in the lung, and remains a significant
problem. In surgical treatment for local recurrence, surgeon-related factors are crucial. A
staging system using degree of fixation and other prognostic factors should be developed so

that appropriate treatment modalities are applied to each case.

Key words: locally recurrent rectal cancer — multimodality therapy — extended surgery

INTRODUCTION

In patients who undergo radical surgery for rectal cancer,
4-33% develop locoregional relapse. Without treatment,
these patients with locally recurrent rectal cancer (LRRC)
have a median survival of ~8 months. If no treatment is
given, they suffer from severe symptoms, especially pain,
and their quality of life (QOL) becomes extremely poor
(1-4). Nearly half of LRRCs are located in the pelvis without
distant metastasis. The best treatment for LRRC in this setting
is a complete resection of the recurrent tumor.

There are a number of different options for ireating LRRC.
There options are influenced by the nature of the LRRCs,
which may present as a mobile recurrence or a huge mass
occupying the pelvis.

In non-fixed recurrent tumors, complete resection can be
achieved with limited surgery such as abdomino-perineal
resection and the outcomes are relatively favorable.

When an LRRC grows within the narrow pelvis, it can easily
invade the pelvic wall, appearing in the form of fixed recurrent
tumor (FRT). If FRT involves only anterior structures, total
pelvic exenteration achieves adequate margins. However, the

For reprints and all correspondence: Yoshihiro Moriya, Colorecial Surgery
Division, National Cancer Center Hospital, 3-1-1 Tsukiji, Chuo-ku,
Tokyo 104-0045, Japaa. E-mail: ymoriya@nce.go.jp
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majority of patients with LRRC present with dorsal and/or
dorsolateral involvement of the pelvis. These patients present
a particular challenge. Extensive surgery such as abdomino-
sacral resection may be required. However, inappropriate
surgical intervention in these patients may cause an iatrogenic
cancer spread, leading to impaired QOL.

CONVENTIONAL TREATMENT

In patients with LRRC who are unsuvitable for surgical
intervention, chemoradation is the main therapeutic option
available. The effect of radiotherapy depends on the turnor
size and the total radiation dose given. A dose of 45 Gy pro-
vides good palliation of pain in 50~80% of patients (5), with
low risk of toxicity to the small intestine. However, an anti-
tumor effect that may achieve complete response or survival
benefit cannot be expected at this dose. Another approach is to
administer a dose of 50 Gy to the same radiation field used for
the treatment of the primary rectal cancer. The radiation field is
then reduced to include only the site of tumor recurrence and a
total dose of 60-70 Gy is delivered to this site, However,
external beam radiotherapy (EBRT) alone has not been
shown to achieve significant survival benefit.

For this reason, the combination of radiotherapy and
chemotherapy is usually employed. The rationale for com-
bined therapy includes (i) enhancement of cytotoxicity

{3 2006 Foundation for Promotion of Cancer Research



128 Review Article

using an antitumor agent and radiation, (ii) use of chemother-
apy, which provides treatment of distant metastasis in addition
to the local control of the tumor provided by radiotherapy and
(iii) the potential to reduce the dosage of agents and therefore
their toxicity by combining different treatment modalities
without reducing the overall efficacy (6,7).

EBRT used alone or in combination with chemotherapy
provides temporary symptomatic improvement in most
patients. Median survival time is 14 months and time of
local control is 5 months. Five-year survival rate in these
patients is usnally <5% (8).

Preoperative chemoradiation is used for primary rectal
cancer to downstage the tumor and improve resectability.
The same approach has also been used for LRRC. Rodel
et al. (9) administered chemoradiotherapy preoperatively in
35 patients with LLRC using 5-FU (1000 mg/m*/day). They
reported that they achieved margin-free resections in 17 cases
(61%). Other chemotherapy agents such as CPT-1l and
Oxaliplatin are expected to play an important role in the
management of these patients in the future (10).

MULTIMODALITY TREATMENT

Reports from some western centers suggest that improved local
control and survival can be achieved in selected patients by the
use of preoperative chemoradiotherapy, radical surgery and
intraoperative radiotherapy (IORT) (11-22). This approach
recognizes that satisfactory antitumor effect cannot be
achieved by chemoradiation alone. The addition of IORT
means that the maximum radiation dose possible can be
delivered to the recurrent tumor. This has the potential to
allow less extensive surgery to be undertaken.

One of the benefits of IORT is that it produces up to three
times the biological effect produced by fractionated EBRT. In
addition, IORT has the advantage of delivering radiation
accurately fo the tumor bed while displacing adjacent normal
structures from the irradiation field. The use of IORT allows a
reduction of the EBRT dose and so reduces toxicity of this
modality. Mayo Clinic researchers reported a 3-year survival
rate of 39% and a 5-year survival rate of 20% in 123 patients
with LRRC who were treated with IORT and surgery (14).

Table 1. Qutcome after multimodality therapy

Mannaerts et al. (16,18) in the Netherlands used a preoperative
radiotherapy dose of 50.4 Gy (30 Gy in patients who had
received ratiotherapy) before surgery, during which they
carried out IORT. The dose of IORT was determined by the
R status of the resection. Patients who had undergone
RO resection (microscopically negative margins) were treated
with a dose of 10 Gy, R1 resections {microscopically positive
margins) with a dose of 15 Gy and R2 cases (macroscopically
positive margins) with a dose of 17.5 Gy. Overall 3-year
survival rate reached 58%. However, patients who had under-
gone R2 resection showed a worse prognosis in this series.
Wiig et al. (19) reported a S-year survival rate of 60% in
patients given preoperative irradiation who had RO resection.
This does raise the question as to whether IORT is really
necessary in cases with previous RO resection, particularly
as not all RO cases in this series received IORT. It can be
argued that a true RO resection leaves no cancer cells to be
eradicated by IORT. In clinical practice, however, because it is
not always easy to differentiate fibrosis from recurrent cancer.
some patients who undergo RO resection may have residual
disease and may benefit from IORT (20,21).

Abuchaibe et al. (12) and Bussieres et al. (15) have reportec
on patients with R2 resection given IORT but no postoperative
EBRT. This strategy resuited in a poor outcome and suggests
that additional EBRT is important in achieving local control
Trradiation of patients who have received radiotherapy previ-
ously has generally been avoided because of the fear of severc
late radiation toxicity. Mohiuddin et al. (2,23) reported on 102
cases who received reirradiation and showed acceptable late
toxicity (17% with chronic severe diarrhea, 15% with smal
bowel obstruction and 4% with fistula).

Despite the use of multimodality therapy, 5-year surviva
rates of patients with LRRC remain 22-31% and local contro
rates 50-71% (Table 1). IORT cannot be expected tc
compensate for R2 resection (13) and is itself associatec
with potential complications. The commonest side effect:
are ureteric stenosis and peripheral neuropathy. In a sere:
of 123 cases at the Mayo Clinic (14), partial ureteric stenosit
as a complication occuired in 6% of patients with 10% requir:
ing insertion of ureteric stents. Peripheral neuropathy wa:
observed in 16-34% of the patients.

Author Year No. of cases Resection (%) Surgery 5-YSR (%) Re-local recurrence (%
Willet et al. (11) 1991 30 27 38

Magrini et al. (32) 1996 16 100 Extended 48 (2Y) 36

Bussieres et al. (15) 1996 73 57 Mixed 31 26

Valentini et al. (17} 1999 47 45 Limited 22 31

Wiig et al. (19) 2000 107 41 Limited 30 50

Mannaerts et al. (18) 2001 33 64 Mixed 60 (3Y) 27

Hahnloser et al. (21) 2003 304 100 Limited 25

5-YSR: 5-year survival,
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